INTRODUCTION

In order to determine compliance with the Surface Water Filtration and Disinfection Treatment Rule disinfection requirements, public water systems that use surface water sources must know the disinfectant contact time in their treatment process units.  The City of American Canyon, California operates a public water system that fits into this category.  On October 29, 1997, a tracer study was performed to estimate disinfectant contact time for the chlorine contact tank at the City of American Canyon Water Treatment Plant (CACWTP clearwell).

The CACWTP clearwell was designed with features to increase disinfectant contact time and minimize short-circuiting.  Appendix A contains a diagram of the CACWTP clearwell.  Water passes over a weir at the entrance, goes around two baffles that create serpentine flow, and then exits through an outlet that has no baffling.

The product of the chlorine concentration in the CACWTP clearwell and the time that the chlorine is in contact with the water (CT) is used to determine if sufficient inactivation of viruses and Giardia has been achieved.  Calculated CT values are compared with CT values found on tables in the 1989 USEPA Guidance Manual for Compliance with the Filtration and Disinfection Requirements for Public Water Systems Using Surface Water Sources (USEPA Guidance Manual).  These CT tables take into account the type and concentration of the disinfectant, contact time, pH, and temperature.  If a calculated CT value meets or exceeds the CT value on the table that corresponds to the required level of inactivation, adequate disinfection has occurred.
There are different methods by which CT is calculated.  The USEPA Guidance Manual recommends that the value used for T in the calculation of CT be T10. 
  For this reason, the USEPA Guidance Manual assigns estimated T10/T values for treatment process units based on the baffling conditions within the units.  The baffling condition within the CACWTP clearwell is most similar to what is classified as “average” in the USEPA Guidance Manual.  The USEPA Guidance Manual describes the “average” baffling condition as having a “baffled inlet or outlet with some intrabasin baffles” and assigns a T10/T value of 0.5 to this baffling condition. 
  This value can be used to estimate T10 for the CACWTP clearwell, but a T10 result from a tracer study is preferred.

The effluent chlorine residual concentration is often used in CT calculations.  When single concentration values such as the effluent concentration are used, chlorine concentration variations within process units are not taken into account.  Effective CT (introduced by Teefy and Singer, 1990) considers variations in chlorine concentrations and disinfectant contact times.  The effective CT is calculated based on first order kinetics of chlorine decay and a residence time distribution obtained from a tracer study.

The residence time distribution shows the amounts of time that incremental volumes of water spend in a treatment process unit.  By accounting for chlorine decay within each incremental volume of water, effective CT shows that the incremental volumes that pass through a process unit quickly have higher chlorine concentrations than the incremental volumes that pass through slowly.

PURPOSE

The purpose of the tracer study was to measure the disinfectant contact time for the CACWTP clearwell.  Values of T10 and effective CT were obtained from the tracer study results.  The T10 value established by the tracer study was compared with a T10 value estimated using the USEPA Guidance Manual.  Both of these T10 values were used to calculate CT and to determine the corresponding degree of inactivation.  Lastly, these CT calculations were compared with the effective CT.

The California Department of Health Services, Division of Drinking Water and Environmental Management, Drinking Water Field Operations Branch wishes to collect disinfectant contact time information from tracer tests conducted on water treatment process units throughout California.  The T10 result and other information related to disinfection and flow characteristics within the CACWTP clearwell will be entered into the statewide database.

EXPERIMENTAL AND ANALYTICAL PROCEDURES

The test parameters are summarized in Table 1.  A step-input test was conducted for 210 minutes using fluoride as the tracer.  During the test, the CACWTP clearwell contained 96,800 gallons of water and the flow rate through it was 1,400 gpm.

Powdered sodium fluoride was dissolved in water to create the tracer solution.  Injection and sampling points are shown on the CACWTP clearwell diagram in Appendix A.  Throughout the test, this solution was injected into a transmission pipe that leads from the filters to the CACWTP clearwell.  The CACWTP clearwell has no sample tap from which to collect effluent samples.  For this reason, effluent samples were collected near the opening of the CACWTP clearwell outlet pipe using a pump.  A weighted suction tube was used with the pump because the outlet pipe is near the bottom of the CACWTP clearwell.  In addition to the effluent samples, influent samples were collected downstream from the tracer injection point in the transmission pipe that leads from the filters to the CACWTP clearwell.  All samples were stored in 60-mL polyethylene bottles.  An ion-selective electrode was used for the fluoride analyses. 

Table 1. Test Parameters

Step-input test

Plant flow rate during test = 100% design capacity = 1,400 gpm

Chlorine contact tank volume during test = minimum operating volume = 96,800 gallons

Theoretical detention time of chlorine contact tank = 69.1 minutes

Test run time = 3 * theoretical detention time = 207 min = 3.46 hours

Tracer: Sodium Fluoride manufactured by Chemtech

· pH at saturation = 7.6 

· solubility at 25 oC = 4.05 g per 100 g H2O

· 45.25% fluoride ion

· 97% chemical purity

· 97 lb/ft3 bulk density

Tracer dose = 2.05 mg/L

13.70 lbs dry sodium fluoride required

40.6 gallons H2O minimum required to dissolve 13.70 lbs dry sodium fluoride

65.5 gallons H2O used

Solution concentration = 11,012 mg/L

Feed pump capacity = 497 gpd = 1306.4 mL/min

Feed pump setting = 1000.0 mL/min

In order to determine T10, a time series plot of the following function, F(t), was made:
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Ci is the effluent fluoride concentration, Co is the background fluoride concentration, and Cf is the final or ultimate fluoride concentration.  (On a plot of F(t), T10 is the time at which F(t) equals 0.10.)

Effective CT was also determined.  The following equation was used to calculate effective CT:
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Co is the influent or initial chlorine concentration, k is the chlorine decay rate constant and ti is the time.  Ei is the value of the residence time distribution function and is equal to (F(t)/(t.

RESULTS

The tracer study results are tabulated in Appendix B.  The targeted fluoride dose was 2.05 mg/l, but the final observed fluoride concentration was 1.30 mg/l.  Incomplete sodium fluoride dissolution in the tracer solution storage tank was the most likely cause of the difference between the targeted and observed fluoride doses.  At the end of the test, powder that resembled undissolved sodium fluoride was seen at the bottom of the tracer solution storage tank.  Some fluoride may have also been lost due to chemical reactions in the CACWTP clearwell, adsorption onto surfaces, and volatilization.

A time series plot of F(t) is shown in Figure 1.  From the plot of F(t), a T10 value of 21.3 minutes was obtained.  A T10 value of 35 minutes was computed using the T10/T value from the EPA Guidance Manual (0.5) and a theoretical detention time (T) of 69.1 minutes.  The difference between the tracer test T10 result and the value determined using the USEPA Guidance Manual may have been caused, in part, by use of maximum plant flow rate and minimum tank operating volume during the tracer test.  These conditions were selected in order to generate a “worst case” T10 value for the CACWTP clearwell.  A “worst case” value was desired because only one tracer test was planned.  If other tracer studies are conducted, lower flow rates and higher tank operating volumes should be used.
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Figure 1.  Time Series Plot of F(t)

Factors associated with the design of the CACWTP clearwell could also explain the difference between the USEPA Guidance Manual T10 value and tracer test result.  According to Bishop et al (1993), low length-to-width and length-to-depth ratios are associated with increased axial dispersion within process units.  The CACWTP clearwell’s length-to-width and length-to-depth ratios (9:1 and 11:1, respectively) are relatively low and may allow a large degree of axial dispersion and “short-circuiting”.

Table 2 lists the results of CT values calculated by different methods and the corresponding log inactivations assigned by the USEPA Guidance Manual.  Although the CT values differ quite significantly, they all meet the required log inactivation.  Compliance may be demonstrated by using any of the three methods presented.

Table 2. CT Results

Method
CT

[(mg/L)-min]
Log Inactivation of Giardia *

T = T10 = 35 min. assigned by USEPA Guidance Manual
63.0
2.0

T = T10 = 21.3 min. determined by tracer study
38.3
1.2

Effective CT determined by tracer study
85.4
2.7

* Notes:
1. Required log inactivation of Giardia is 3 log.  CACWTP uses conventional filtration and receives 2.5 log removal credit.  Therefore, disinfection must meet 0.5 log inactivation.

2. CT table used to interpolate log inactivation of Giardia using free chlorine was for pH = 7.5, chlorine concentration = 1.7 mg/L, and temp = 15oC.

CONCLUSION

The CACWTP clearwell tracer study generated a T10 value of 21.3 minutes and a T10/T value of 0.31.  These values will be used in the future by the City of American Canyon to determine compliance with the disinfection requirements of the Surface Water Filtration and Disinfection Treatment Rule.
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� T10 is defined as the detention time at which 90 percent of the water passing through a tank or process unit is retained within the tank or process unit.  T is defined as the theoretical detention time of a tank or process unit. T10/T is sometimes called the “short-circuiting factor”.


� An overflow weir entrance meets the USEPA definition of inlet baffling.


� The Hach Combination Fluoride Electrode Model 50265 was used.
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C_trace4

		Test Date: 10/29/97						City of American Canyon - Tracer Study - Contact Tank

										Calculations for analyzing data from step-input test

		File: A_tracer.xls

		Time								Smoothed     F(t) Curve		Three CFSTR in Series,          F(t) Curve		E(t) Curve,     dF/dt		% of exit stream between                 t and t+dt              Edt								Mean Residence    Time,               Sum (tEdt)						One           CFSTR in Series,             F(t) Curve		E(t) Curve,     dF/dt				Mean Residence Time,       Sum (tEdt)						Two           CFSTR in Series,             F(t) Curve		E(t) Curve,     dF/dt				Mean Residence Time,       Sum (tEdt)						Three           CFSTR in Series,             F(t) Curve		E(t) Curve,     dF/dt				Mean Residence Time,       Sum (tEdt)						Four           CFSTR in Series,             F(t) Curve		E(t) Curve,     dF/dt				Mean Residence Time,       Sum (tEdt)						Five           CFSTR in Series,             F(t) Curve		E(t) Curve,     dF/dt				Mean Residence Time,       Sum (tEdt)						Eight           CFSTR in Series,             F(t) Curve		E(t) Curve,     dF/dt				Mean Residence Time,       Sum (tEdt)						Ten           CFSTR in Series,             F(t) Curve		E(t) Curve,     dF/dt				Mean Residence Time,       Sum (tEdt)						Twenty CFSTR in Series,          F(t) Curve		E(t) Curve,     dF/dt				Mean Residence Time,       Sum (tEdt)						Twenty Five CFSTR in Series,          F(t) Curve		E(t) Curve,     dF/dt				Mean Residence Time,       Sum (tEdt)						Thirty CFSTR in Series,          F(t) Curve		E(t) Curve,     dF/dt				Mean Residence Time,       Sum (tEdt)

		min.		min./min.		mg/L		(mg/L)/(mg/L)		(mg/L)/(mg/L)		(mg/L)/(mg/L)		1/min.		min./min.		min.		mg/L * min				min.						(mg/L)/(mg/L)		1/min.		min.		min.						(mg/L)/(mg/L)		1/min.		min.		min.						(mg/L)/(mg/L)		1/min.		min.		min.						(mg/L)/(mg/L)		1/min.		min.		min.						(mg/L)/(mg/L)		1/min.		min.		min.						(mg/L)/(mg/L)		1/min.		min.		min.						(mg/L)/(mg/L)		1/min.		min.		min.						(mg/L)/(mg/L)		1/min.		min.		min.						(mg/L)/(mg/L)		1/min.		min.		min.						(mg/L)/(mg/L)		1/min.		min.		min.

		0		0.00		0.09		0.00		0.00		0.00				0.00%														0.00												0.00												0.00												0.00												0.00												0.00												0.00												0.00												0.00												0.00

		3		0.04		0.09		-0.00		0.00		0.00		0.00000		0.00%		1.50		0.00				0.00		0.00				0.04		0.014151		1.50		0.06		0.10				0.00		0.001184		1.50		0.01		0.01				0.00		0.000111		1.50		0.00		0.00				0.00		0.000011		1.50		0.00		0.00				0.00		0.000001		1.50		0.00		0.00				0.00		0.000000		1.50		0.00		0.00				0.00		0.000000		1.50		0.00		0.00				0.00		0.000000		1.50		0.00		0.00				0.00		0.000000		1.50		0.00		0.00				0.00		0.000000		1.50		0.00		0.00

		6		0.09		0.10		0.00		0.00		0.00		0.00000		0.00%		4.50		0.00				0.00		0.00				0.08		0.013550		4.50		0.18		0.82				0.01		0.003290		4.50		0.04		0.20				0.00		0.000696		4.50		0.01		0.04				0.00		0.000142		4.50		0.00		0.01				0.00		0.000029		4.50		0.00		0.00				0.00		0.000000		4.50		0.00		0.00				0.00		0.000000		4.50		0.00		0.00				0.00		0.000000		4.50		0.00		0.00				0.00		0.000000		4.50		0.00		0.00				0.00		0.000000		4.50		0.00		0.00

		9		0.13		0.09		-0.00		0.00		0.01		0.00000		0.00%		7.50		0.00				0.00		0.00				0.12		0.012975		7.50		0.29		2.19				0.03		0.005037		7.50		0.11		0.85				0.01		0.001667		7.50		0.04		0.28				0.00		0.000522		7.50		0.01		0.09				0.00		0.000159		7.50		0.00		0.03				0.00		0.000004		7.50		0.00		0.00				0.00		0.000000		7.50		0.00		0.00				0.00		0.000000		7.50		0.00		0.00				0.00		0.000000		7.50		0.00		0.00				0.00		0.000000		7.50		0.00		0.00

		12		0.17		0.09		-0.00		0.01		0.02		0.00333		1.00%		10.50		0.18				0.11		1.10				0.16		0.012424		10.50		0.39		4.11				0.05		0.006471		10.50		0.20		2.14				0.02		0.002858		10.50		0.09		0.95				0.01		0.001187		10.50		0.04		0.39				0.00		0.000479		10.50		0.02		0.16				0.00		0.000029		10.50		0.00		0.01				0.00		0.000004		10.50		0.00		0.00				0.00		0.000000		10.50		0.00		0.00				0.00		0.000000		10.50		0.00		0.00				0.00		0.000000		10.50		0.00		0.00

		15		0.22		0.13		0.03		0.03		0.03		0.00567		1.70%		13.50		0.40				0.23		3.10				0.19		0.011897		13.50		0.48		6.50				0.07		0.007632		13.50		0.31		4.17				0.03		0.004142		13.50		0.17		2.26				0.01		0.002111		13.50		0.09		1.15				0.01		0.001041		13.50		0.04		0.57				0.00		0.000114		13.50		0.00		0.06				0.00		0.000025		13.50		0.00		0.01				0.00		0.000000		13.50		0.00		0.00				0.00		0.000000		13.50		0.00		0.00				0.00		0.000000		13.50		0.00		0.00

		18		0.26		0.15		0.05		0.05		0.04		0.00767		2.30%		16.50		0.65				0.38		6.26				0.23		0.011392		16.50		0.56		9.30				0.10		0.008555		16.50		0.42		6.99				0.04		0.005430		16.50		0.27		4.43				0.02		0.003232		16.50		0.16		2.64				0.01		0.001861		16.50		0.09		1.52				0.00		0.000322		16.50		0.02		0.26				0.00		0.000096		16.50		0.00		0.08				0.00		0.000000		16.50		0.00		0.00				0.00		0.000000		16.50		0.00		0.00				0.00		0.000000		16.50		0.00		0.00

		21		0.30		0.21		0.09		0.09		0.06		0.01300		3.90%		19.50		1.29				0.76		14.83				0.26		0.010908		19.50		0.64		12.44				0.12		0.009272		19.50		0.54		10.58				0.06		0.006657		19.50		0.39		7.59				0.04		0.004480		19.50		0.26		5.11				0.02		0.002914		19.50		0.17		3.32				0.00		0.000726		19.50		0.04		0.83				0.00		0.000275		19.50		0.02		0.31				0.00		0.000002		19.50		0.00		0.00				0.00		0.000000		19.50		0.00		0.00				0.00		0.000000		19.50		0.00		0.00

		24		0.35		0.29		0.15		0.13		0.09		0.01367		4.10%		22.50		1.55				0.92		20.76				0.29		0.010445		22.50		0.71		15.86				0.15		0.009811		22.50		0.66		14.90				0.09		0.007781		22.50		0.53		11.82				0.05		0.005783		22.50		0.39		8.78				0.03		0.004152		22.50		0.28		6.31				0.01		0.001388		22.50		0.09		2.11				0.00		0.000640		22.50		0.04		0.97				0.00		0.000011		22.50		0.00		0.02				0.00		0.000001		22.50		0.00		0.00				0.00		0.000000		22.50		0.00		0.00

		26		0.38		0.33		0.18		0.16		0.11		0.01500		3.00%		25.00		1.25				0.75		18.75				0.31		0.010074		25.00		0.50		12.59				0.17		0.010145		25.00		0.51		12.68				0.11		0.008622		25.00		0.43		10.78				0.07		0.006864		25.00		0.34		8.58				0.04		0.005277		25.00		0.26		6.60				0.01		0.002160		25.00		0.11		2.70				0.01		0.001137		25.00		0.06		1.42				0.00		0.000037		25.00		0.00		0.05				0.00		0.000006		25.00		0.00		0.01				0.00		0.000001		25.00		0.00		0.00

		28		0.40		0.29		0.15		0.19		0.12		0.01250		2.50%		27.00		1.12				0.68		18.23				0.33		0.009787		27.00		0.53		14.27				0.19		0.010341		27.00		0.56		15.08				0.12		0.009221		27.00		0.50		13.44				0.08		0.007701		27.00		0.42		11.23				0.05		0.006212		27.00		0.34		9.06				0.02		0.002935		27.00		0.16		4.28				0.01		0.001700		27.00		0.09		2.48				0.00		0.000090		27.00		0.00		0.13				0.00		0.000020		27.00		0.00		0.03				0.00		0.000004		27.00		0.00		0.01

		30		0.43		0.34		0.19		0.21		0.14		0.01250		2.50%		29.00		1.19				0.73		21.03				0.35		0.009508		29.00		0.55		15.99				0.22		0.010483		29.00		0.61		17.63				0.14		0.009754		29.00		0.57		16.41				0.10		0.008500		29.00		0.49		14.30				0.07		0.007153		29.00		0.41		12.03				0.03		0.003838		29.00		0.22		6.46				0.01		0.002419		29.00		0.14		4.07				0.00		0.000195		29.00		0.01		0.33				0.00		0.000052		29.00		0.00		0.09				0.00		0.000014		29.00		0.00		0.02

		32		0.46		0.41		0.25		0.24		0.16		0.01500		3.00%		31.00		1.52				0.93		28.83				0.37		0.009237		31.00		0.57		17.75				0.24		0.010577		31.00		0.66		20.33				0.16		0.010220		31.00		0.63		19.64				0.12		0.009248		31.00		0.57		17.77				0.09		0.008082		31.00		0.50		15.53				0.04		0.004855		31.00		0.30		9.33				0.02		0.003299		31.00		0.20		6.34				0.00		0.000387		31.00		0.02		0.74				0.00		0.000125		31.00		0.01		0.24				0.00		0.000040		31.00		0.00		0.08

		34		0.49		0.44		0.27		0.27		0.18		0.01400		2.80%		33.00		1.50				0.92		30.49				0.39		0.008973		33.00		0.59		19.54				0.26		0.010626		33.00		0.70		23.14				0.18		0.010619		33.00		0.70		23.13				0.14		0.009937		33.00		0.66		21.64				0.10		0.008980		33.00		0.59		19.56				0.05		0.005965		33.00		0.39		12.99				0.03		0.004333		33.00		0.29		9.44				0.00		0.000709		33.00		0.05		1.54				0.00		0.000270		33.00		0.02		0.59				0.00		0.000101		33.00		0.01		0.22

		36		0.52		0.47		0.29		0.29		0.21		0.01250		2.50%		35.00		1.42				0.87		30.63				0.41		0.008718		35.00		0.61		21.36				0.28		0.010637		35.00		0.74		26.06				0.21		0.010952		35.00		0.77		26.83				0.16		0.010560		35.00		0.74		25.87				0.12		0.009833		35.00		0.69		24.09				0.06		0.007143		35.00		0.50		17.50				0.04		0.005508		35.00		0.39		13.50				0.01		0.001213		35.00		0.08		2.97				0.00		0.000536		35.00		0.04		1.31				0.00		0.000232		35.00		0.02		0.57

		38		0.55		0.51		0.32		0.32		0.23		0.01300		2.60%		37.00		1.55				0.96		35.59				0.42		0.008469		37.00		0.63		23.19				0.30		0.010613		37.00		0.79		29.06				0.23		0.011223		37.00		0.83		30.73				0.18		0.011113		37.00		0.82		30.43				0.14		0.010627		37.00		0.79		29.10				0.08		0.008361		37.00		0.62		22.89				0.05		0.006799		37.00		0.50		18.62				0.01		0.001951		37.00		0.14		5.34				0.00		0.000983		37.00		0.07		2.69				0.00		0.000486		37.00		0.04		1.33

		40		0.58		0.60		0.39		0.34		0.25		0.01250		2.50%		39.00		1.56				0.97		38.02				0.44		0.008228		39.00		0.64		25.03				0.32		0.010558		39.00		0.82		32.12				0.25		0.011433		39.00		0.89		34.78				0.20		0.011593		39.00		0.90		35.27				0.17		0.011352		39.00		0.89		34.53				0.10		0.009589		39.00		0.75		29.17				0.07		0.008175		39.00		0.64		24.87				0.02		0.002970		39.00		0.23		9.04				0.01		0.001684		39.00		0.13		5.12				0.00		0.000936		39.00		0.07		2.85

		42		0.61		0.58		0.37		0.38		0.28		0.01550		3.10%		41.00		2.02				1.27		52.11				0.46		0.007993		41.00		0.66		26.87				0.34		0.010476		41.00		0.86		35.22				0.28		0.011585		41.00		0.95		38.95				0.23		0.011998		41.00		0.98		40.34				0.19		0.011999		41.00		0.98		40.34				0.12		0.010796		41.00		0.89		36.30				0.09		0.009600		41.00		0.79		32.28				0.02		0.004303		41.00		0.35		14.47				0.01		0.002708		41.00		0.22		9.10				0.01		0.001671		41.00		0.14		5.62

		44		0.64		0.62		0.41		0.40		0.30		0.01250		2.50%		43.00		1.70				1.08		46.23				0.47		0.007765		43.00		0.67		28.72				0.36		0.010370		43.00		0.89		38.35				0.30		0.011684		43.00		1.00		43.21				0.25		0.012329		43.00		1.06		45.59				0.22		0.012562		43.00		1.08		46.46				0.14		0.011955		43.00		1.03		44.21				0.11		0.011035		43.00		0.95		40.81				0.04		0.005958		43.00		0.51		22.03				0.02		0.004115		43.00		0.35		15.22				0.01		0.002785		43.00		0.24		10.30

		46		0.67		0.59		0.38		0.43		0.32		0.01500		3.00%		45.00		2.12				1.35		60.75				0.49		0.007544		45.00		0.68		30.55				0.38		0.010242		45.00		0.92		41.48				0.32		0.011733		45.00		1.06		47.52				0.28		0.012587		45.00		1.13		50.98				0.24		0.013039		45.00		1.17		52.81				0.17		0.013039		45.00		1.17		52.81				0.14		0.012440		45.00		1.12		50.38				0.05		0.007919		45.00		0.71		32.07				0.03		0.005937		45.00		0.53		24.05				0.02		0.004363		45.00		0.39		17.67

		48		0.69		0.59		0.38		0.46		0.35		0.01500		3.00%		47.00		2.20				1.41		66.27				0.50		0.007329		47.00		0.69		32.38				0.40		0.010096		47.00		0.95		44.61				0.35		0.011736		47.00		1.10		51.85				0.30		0.012775		47.00		1.20		56.44				0.27		0.013428		47.00		1.26		59.32				0.20		0.014027		47.00		1.32		61.97				0.16		0.013777		47.00		1.30		60.87				0.07		0.010140		47.00		0.95		44.80				0.05		0.008173		47.00		0.77		36.11				0.03		0.006455		47.00		0.61		28.52

		51		0.74		0.63		0.42		0.50		0.38		0.01333		4.00%		49.50		3.07				1.98		98.01				0.52		0.007069		49.50		1.05		51.96				0.43		0.009891		49.50		1.47		72.71				0.38		0.011678		49.50		1.73		85.84				0.34		0.012911		49.50		1.92		94.91				0.31		0.013784		49.50		2.05		101.33				0.24		0.015091		49.50		2.24		110.93				0.21		0.015293		49.50		2.27		112.41				0.11		0.013169		49.50		1.96		96.80				0.08		0.011485		49.50		1.71		84.42				0.06		0.009817		49.50		1.46		72.16

		54		0.78		0.71		0.48		0.54		0.42		0.01333		4.00%		52.50		3.22				2.10		110.25				0.54		0.006769		52.50		1.07		55.97				0.46		0.009619		52.50		1.51		79.54				0.42		0.011534		52.50		1.82		95.37				0.38		0.012951		52.50		2.04		107.09				0.35		0.014042		52.50		2.21		116.11				0.29		0.016101		52.50		2.54		133.14				0.26		0.016828		52.50		2.65		139.14				0.16		0.016897		52.50		2.66		139.72				0.13		0.015908		52.50		2.51		131.54				0.11		0.014675		52.50		2.31		121.35

		57		0.82		0.83		0.57		0.58		0.45		0.01167		3.50%		55.50		2.95				1.94		107.81				0.56		0.006481		55.50		1.08		59.89				0.49		0.009324		55.50		1.55		86.16				0.45		0.011317		55.50		1.88		104.58				0.42		0.012863		55.50		2.14		118.87				0.39		0.014118		55.50		2.35		130.46				0.34		0.016791		55.50		2.80		155.16				0.31		0.017981		55.50		2.99		166.16				0.22		0.020382		55.50		3.39		188.35				0.19		0.020384		55.50		3.39		188.36				0.17		0.019973		55.50		3.33		184.56

		60		0.87		0.89		0.62		0.61		0.48		0.01033		3.10%		58.50		2.73				1.81		106.09				0.58		0.006206		58.50		1.09		63.72				0.52		0.009011		58.50		1.58		92.52				0.48		0.011040		58.50		1.94		113.34				0.46		0.012665		58.50		2.22		130.03				0.44		0.014030		58.50		2.46		144.04				0.39		0.017156		58.50		3.01		176.14				0.37		0.018715		58.50		3.28		192.14				0.29		0.023264		58.50		4.08		238.85				0.27		0.024360		58.50		4.28		250.10				0.24		0.024989		58.50		4.39		256.56

		66		0.95		0.95		0.66		0.66		0.55		0.00967		5.80%		63.00		5.43				3.65		230.20				0.61		0.005817		63.00		2.20		138.52				0.57		0.008520		63.00		3.22		202.89				0.55		0.010529		63.00		3.98		250.73				0.53		0.012185		63.00		4.61		290.18				0.52		0.013617		63.00		5.15		324.27				0.50		0.017093		63.00		6.46		407.06				0.48		0.018975		63.00		7.17		451.87				0.45		0.025744		63.00		9.73		613.08				0.43		0.028163		63.00		10.65		670.68				0.42		0.030183		63.00		11.41		718.79

		72		1.04		1.01		0.71		0.71		0.60		0.00700		4.20%		69.00		4.23				2.90		199.96				0.65		0.005333		69.00		2.21		152.35				0.62		0.007845		69.00		3.25		224.11				0.60		0.009738		69.00		4.03		278.17				0.60		0.011318		69.00		4.69		323.32				0.59		0.012703		69.00		5.26		362.87				0.59		0.016153		69.00		6.69		461.42				0.59		0.018086		69.00		7.49		516.63				0.60		0.025602		69.00		10.60		731.34				0.61		0.028602		69.00		11.84		817.05				0.61		0.031300		69.00		12.96		894.11

		78		1.13		1.04		0.73		0.74		0.66		0.00600		3.60%		75.00		3.87				2.70		202.50				0.68		0.004890		75.00		2.20		165.04				0.66		0.007170		75.00		3.23		241.98				0.66		0.008870		75.00		3.99		299.37				0.66		0.010276		75.00		4.62		346.82				0.66		0.011496		75.00		5.17		387.97				0.68		0.014475		75.00		6.51		488.54				0.69		0.016102		75.00		7.25		543.45				0.73		0.022070		75.00		9.93		744.86				0.75		0.024265		75.00		10.92		818.93				0.77		0.026134		75.00		11.76		882.01

		84		1.21		1.12		0.80		0.78		0.70		0.00633		3.80%		81.00		4.33				3.08		249.32				0.70		0.004484		81.00		2.18		176.50				0.70		0.006510		81.00		3.16		256.29				0.70		0.007977		81.00		3.88		314.01				0.71		0.009152		81.00		4.45		360.27				0.72		0.010139		81.00		4.93		399.13				0.75		0.012402		81.00		6.03		488.23				0.77		0.013533		81.00		6.58		532.72				0.83		0.016852		81.00		8.19		663.40				0.86		0.017667		81.00		8.59		695.48				0.88		0.018148		81.00		8.82		714.41

		90		1.30		1.13		0.80		0.82		0.75		0.00583		3.50%		87.00		4.21				3.04		264.91				0.73		0.004111		87.00		2.15		186.70				0.73		0.005879		87.00		3.07		267.00				0.75		0.007094		87.00		3.70		322.18				0.76		0.008017		87.00		4.18		364.07				0.78		0.008748		87.00		4.57		397.27				0.81		0.010224		87.00		5.34		464.33				0.84		0.010824		87.00		5.65		491.55				0.90		0.011595		87.00		6.05		526.57				0.93		0.011279		87.00		5.89		512.24				0.94		0.010755		87.00		5.61		488.42

		96		1.39		1.18		0.84		0.84		0.79		0.00400		2.40%		93.00		3.03				2.23		207.58				0.75		0.003769		93.00		2.10		195.61				0.76		0.005284		93.00		2.95		274.20				0.79		0.006250		93.00		3.49		324.32				0.80		0.006923		93.00		3.86		359.24				0.82		0.007404		93.00		4.13		384.25				0.86		0.008152		93.00		4.55		423.05				0.88		0.008293		93.00		4.63		430.37				0.95		0.007288		93.00		4.07		378.19				0.96		0.006424		93.00		3.58		333.39				0.97		0.005553		93.00		3.10		288.17

		102		1.47		1.23		0.87		0.87		0.82		0.00517		3.10%		99.00		4.09				3.07		303.83				0.77		0.003456		99.00		2.05		203.24				0.79		0.004729		99.00		2.81		278.09				0.82		0.005460		99.00		3.24		321.07				0.84		0.005903		99.00		3.51		347.15				0.86		0.006164		99.00		3.66		362.46				0.90		0.006313		99.00		3.75		371.22				0.92		0.006120		99.00		3.64		359.90				0.97		0.004232		99.00		2.51		248.84				0.98		0.003311		99.00		1.97		194.70				0.99		0.002541		99.00		1.51		149.42

		108		1.56		1.23		0.88		0.90		0.85		0.00417		2.50%		105.00		3.43				2.63		275.63				0.79		0.003169		105.00		2.00		209.62				0.82		0.004217		105.00		2.66		278.94				0.85		0.004735		105.00		2.98		313.20				0.87		0.004979		105.00		3.14		329.35				0.89		0.005056		105.00		3.19		334.44				0.93		0.004764		105.00		3.00		315.12				0.95		0.004369		105.00		2.75		289.01				0.99		0.002291		105.00		1.44		151.55				0.99		0.001562		105.00		0.98		103.32				1.00		0.001045		105.00		0.66		69.12

		114		1.65		1.31		0.93		0.92		0.87		0.00333		2.00%		111.00		2.85				2.22		246.42				0.81		0.002906		111.00		1.94		214.80				0.84		0.003748		111.00		2.50		277.06				0.87		0.004079		111.00		2.72		301.55				0.89		0.004158		111.00		2.77		307.38				0.91		0.004093		111.00		2.73		302.57				0.95		0.003513		111.00		2.34		259.72				0.97		0.003028		111.00		2.02		223.88				0.99		0.001165		111.00		0.78		86.16				1.00		0.000681		111.00		0.45		50.35				1.00		0.000391		111.00		0.26		28.88

		120		1.74		1.34		0.96		0.93		0.89		0.00250		1.50%		117.00		2.21				1.76		205.34				0.82		0.002664		117.00		1.87		218.81				0.86		0.003321		117.00		2.33		272.78				0.89		0.003494		117.00		2.45		286.96				0.92		0.003442		117.00		2.42		282.71				0.93		0.003275		117.00		2.30		268.98				0.97		0.002539		117.00		1.78		208.50				0.98		0.002044		117.00		1.44		167.92				1.00		0.000561		117.00		0.39		46.06				1.00		0.000277		117.00		0.19		22.74				1.00		0.000134		117.00		0.09		11.02

		126		1.82		1.30		0.93		0.95		0.91		0.00267		1.60%		123.00		2.44				1.97		242.06				0.84		0.002443		123.00		1.80		221.73				0.88		0.002935		123.00		2.17		266.46				0.91		0.002977		123.00		2.20		270.20				0.93		0.002827		123.00		2.09		256.62				0.95		0.002593		123.00		1.91		235.36				0.98		0.001801		123.00		1.33		163.45				0.99		0.001348		123.00		0.99		122.34				1.00		0.000257		123.00		0.19		23.29				1.00		0.000106		123.00		0.08		9.58				1.00		0.000043		123.00		0.03		3.87

		132		1.91		1.33		0.95		0.96		0.92		0.00150		0.90%		129.00		1.41				1.16		149.77				0.85		0.002240		129.00		1.73		223.62				0.89		0.002588		129.00		2.00		258.42				0.92		0.002524		129.00		1.95		252.01				0.95		0.002305		129.00		1.78		230.17				0.96		0.002033		129.00		1.57		203.02				0.98		0.001256		129.00		0.97		125.41				0.99		0.000870		129.00		0.67		86.83				1.00		0.000112		129.00		0.09		11.20				1.00		0.000038		129.00		0.03		3.80				1.00		0.000013		129.00		0.01		1.26

		138		2.00		1.37		0.98		0.97		0.94		0.00167		1.00%		135.00		1.61				1.35		182.25				0.86		0.002054		135.00		1.66		224.56				0.91		0.002277		135.00		1.84		249.01				0.94		0.002131		135.00		1.73		233.02				0.96		0.001868		135.00		1.51		204.22				0.97		0.001581		135.00		1.28		172.86				0.99		0.000863		135.00		0.70		94.36				0.99		0.000550		135.00		0.45		60.17				1.00		0.000047		135.00		0.04		5.15				1.00		0.000013		135.00		0.01		1.42				1.00		0.000004		135.00		0.00		0.39

		144		2.08		1.33		0.95		0.97		0.95		0.00117		0.70%		141.00		1.16				0.99		139.17				0.88		0.001883		141.00		1.59		224.60				0.92		0.002000		141.00		1.69		238.52				0.95		0.001792		141.00		1.52		213.76				0.97		0.001504		141.00		1.27		179.42				0.98		0.001219		141.00		1.03		145.44				0.99		0.000585		141.00		0.49		69.75				1.00		0.000342		141.00		0.29		40.80				1.00		0.000019		141.00		0.02		2.27				1.00		0.000004		141.00		0.00		0.51				1.00		0.000001		141.00		0.00		0.11

		150		2.17		1.34		0.96		0.98		0.96		0.00133		0.80%		147.00		1.35				1.18		172.87				0.89		0.001726		147.00		1.52		223.84				0.93		0.001753		147.00		1.55		227.23				0.96		0.001501		147.00		1.32		194.67				0.97		0.001205		147.00		1.06		156.20				0.98		0.000934		147.00		0.82		121.04				1.00		0.000391		147.00		0.35		50.72				1.00		0.000209		147.00		0.18		27.12				1.00		0.000007		147.00		0.01		0.96				1.00		0.000001		147.00		0.00		0.17				1.00		0.000000		147.00		0.00		0.03

		162		2.34		1.37		0.99		0.99		0.97		0.00108		1.30%		156.00		2.27				2.03		316.37				0.90		0.001517		156.00		2.84		443.06				0.95		0.001437		156.00		2.69		419.57				0.97		0.001149		156.00		2.15		335.50				0.98		0.000861		156.00		1.61		251.42				0.99		0.000623		156.00		1.17		182.07				1.00		0.000214		156.00		0.40		62.48				1.00		0.000100		156.00		0.19		29.32				1.00		0.000002		156.00		0.00		0.56				1.00		0.000000		156.00		0.00		0.07				1.00		0.000000		156.00		0.00		0.01

		174		2.52		1.39		1.00		1.00		0.98		0.00058		0.70%		168.00		1.27				1.18		197.57				0.92		0.001275		168.00		2.57		431.99				0.96		0.001094		168.00		2.20		370.43				0.98		0.000792		168.00		1.60		268.24				0.99		0.000538		168.00		1.08		182.06				0.99		0.000353		168.00		0.71		119.41				1.00		0.000090		168.00		0.18		30.46				1.00		0.000035		168.00		0.07		11.74				1.00		0.000000		168.00		0.00		0.08				1.00		0.000000		168.00		0.00		0.01				1.00		0.000000		168.00		0.00		0.00

		186		2.69		1.39		1.00		1.00		0.99		0.00000		0.00%		180.00		0.00				0.00		0.00				0.93		0.001072		180.00		2.32		416.91				0.97		0.000828		180.00		1.79		322.06				0.99		0.000540		180.00		1.17		210.11				0.99		0.000330		180.00		0.71		128.49				1.00		0.000195		180.00		0.42		75.94				1.00		0.000036		180.00		0.08		14.18				1.00		0.000011		180.00		0.02		4.44				1.00		0.000000		180.00		0.00		0.01				1.00		0.000000		180.00		0.00		0.00				1.00		0.000000		180.00		0.00		0.00

		198		2.86		1.39		1.00		1.00		0.99		0.00000		0.00%		192.00		0.00				0.00		0.00				0.94		0.000901		192.00		2.08		398.78				0.98		0.000625		192.00		1.44		276.28				0.99		0.000365		192.00		0.84		161.67				1.00		0.000200		192.00		0.46		88.68				1.00		0.000106		192.00		0.24		47.02				1.00		0.000014		192.00		0.03		6.34				1.00		0.000004		192.00		0.01		1.60				1.00		0.000000		192.00		0.00		0.00				1.00		0.000000		192.00		0.00		0.00				1.00		0.000000		192.00		0.00		0.00

																100%				84.4				59.28		4701								sum		53.93		5221.39								sum		63.9714		5908								sum		67.2320		5935										68.4252		5815										68.8868		5680										69.1792		5384										69.2001		5268										69.2142		5031										69.2171		4983										69.2190		4952

		Flow rate, gpm:				1,400								21.5		Chlorine decay rate (k), 1/min:				0.003038

		Total volume, gal.:				96,816								0.31		Chlorine dose rate, mg/L:				1.8										minutes per CSTR												last updated 10/24/97																last updated 10/24/97												last updated 10/24/97												last updated 10/24/97												last updated 10/24/97												last updated 10/24/97												last updated 10/24/97												last updated 10/24/97												last updated 10/24/97

		Temperature:												5.2		Effective C x t, mg/L * min:				84.4										69.154				last updated 10/24/97								Variance:		1815.49		0.443632		0.443636								Variance:		1414.39										Variance:		1133.27										Variance:		934.25										Variance:		597.8181										Variance:		479.2972										Variance:		240.2135										Variance:		192.4173										Variance:		160.5712

						1.39								59.3		Eff. Chlorine residual, mg/L:				1.7												Variance:		0.6424										64.0		D/(uL):		0.31935

		HDT (T), min:				69.2								1187						36.6																						minutes per CSTR																67.2												68.4												68.9												69.2												69.2												69.2												69.2												69.2

		Length to Width (L/W):				9.3:1		Dispersion # (axial dispersion), D/(uL):						0.2145						2.31														53.9								34.577												minutes per CSTR												minutes per CSTR												minutes per CSTR												minutes per CSTR																								minutes per CSTR												minutes per CSTR												minutes per CSTR

		Length to Depth (L/D):				10.7:1																																																23.051				0.312907		0.312907						17.289				0.242048		0.242048						13.831				0.196875		0.196875						8.644				0.124916		0.124916						minutes per CSTR				0.100090		0.100090						3.458				0.050143		0.050143						2.766				0.040162		0.040162						2.305				0.033513		0.033513

																																		0.795170		0.795170																						D/(uL):		0.193794										D/(uL):		0.140845										D/(uL):		0.110688										D/(uL):		0.066939						6.915				D/(uL):		0.0528365										D/(uL):		0.0257335										D/(uL):		0.0205015										D/(uL):		0.0170469

																		standard Dev.		34.45										One CFSTR in Series				D/(uL):		1.369						Two CFSTR in Series												3- CFSTR in Series												4- CFSTR in Series												Five CFSTR in Series												Eight CFSTR in Series												Ten CFSTR in Series												20-CFSTR in Series												25-CFSTR in Series												30-CFSTR in Series

		Note:		42 seconds to inlet				Correl.		0.993				0.33784531		0.33784524		N		2.959935

		last updated 11/18/97

		Time

		min.		mv		Effl., mg/L		Infl., mg/L		standard, mg		mv		log (mv)		log (mg)		equation, mg/L

		0		149.30		0.093				0.0

		3		149.70		0.091				0.2		129.60		2.1126		-0.70

		6		148.7		0.095				0.4		113		2.0531		-0.40

		9		149.80		0.091				0.6		101.5		2.0065		-0.22

		12		150.2		0.090				1.0		88.00		1.9445		0.00

		15		141.1		0.128				1.4		80.60		1.9063		0.15

		18		136.8		0.152				1.8		73.40		1.8657		0.26

		21		128.2		0.212				2.0		71.30		1.8531		0.30

		24		120.3		0.289

		26		116.8		0.332

		28		120		0.293

		30		115.9		0.344

		32		111.30		0.411

		34		109.60		0.440

		36		107.80		0.472

		38		106.00		0.506

		40		101.50		0.604

		42		102.70		0.576

		44		100.70		0.623

		46		102.20		0.587

		48		102.10		0.590

		51		100.30		0.633

		54		97.40		0.709

		57		93.30		0.832

		60		91.50		0.893

		66		89.80		0.954

		72		88.40		1.008

		78		87.50		1.044

		84		85.60		1.125

		90		85.40		1.134

		96		84.30		1.184

		102		83.40		1.226

		108		83.30		1.231

		114		81.80		1.305

		120		81.20		1.336

		126		82.00		1.295

		132		81.30		1.331

		138		80.60		1.368

		144		81.40		1.326

		150		81.20		1.336

		162		80.50		1.373

		174		80.20		1.390

		186		80.20		1.390

		198		80.20		1.390

		210		79.30		1.439
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