City of Cloverdale


INTRODUCTION

In order to determine compliance with the Surface Water Treatment Rule (SWTR) disinfection requirements, public water systems that use surface water sources must know the disinfectant contact time in their treatment process units.  The City of Cloverdale, California operates a public water system that fits into this category.  On August 9, 1996, a tracer study was performed to estimate disinfectant contact time for the chlorine contact tank at the City of Cloverdale’s Water Treatment Plant (City’s clearwell).

The City’s clearwells were designed with eight inter-hypalon baffles in 1996, to increase disinfectant contact time and minimize short-circuiting.  Appendix A contains a plain view diagram of the treatment facility and a diagram of one of the two identical clearwells.  Water discharges out of a (12-inch pipe located at the bottom of each clearwell; goes around eight baffles that create serpentine flow; and then exits through a (12-inch pipe located five feet off the bottom clearwell.

The product of the chlorine concentration in the City’s 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 City’s clearwell is most similar to what is classified as “superior” in the USEPA Guidance Manual.  The USEPA Guidance Manual describes the “superior” baffling condition as having a “perforated inlet baffle; serpentine or perforated intrabasin baffles; outlet weir or perforated launders” and assigns a T10/T value of 0.7 to this baffling condition. 
  This value can be used to estimate T10 for the City’s clearwells, 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.  

PURPOSE

The purpose of the tracer study was to measure the disinfectant contact time for the City of Cloverdale clearwells.  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 City’s 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 147 minutes using fluoride as the tracer.  During the test, the clearwell that was modeled contained approximately 47,400 gallons of water and the flow rate through it was 1,000 gpm.

Powdered sodium fluoride was dissolved in water to create the tracer solution.  Injection and sampling points are shown on the City’s clearwell diagram in Appendix A.  Throughout the test, this solution was injected into a transmission pipe that leads from the filters transmission pumps to the City’s clearwell.  Effluent samples were collected on the discharge side of the clearwell in service.  In addition to the effluent samples, influent samples were collected downstream from the tracer injection point in the transmission pipe that leads to the City’s clearwells.  All samples were stored in 100-mL polyethylene bottles.  The SPADNS Method was used for the fluoride analyses. 

Table 1. Test Parameters

Step-input test

Plant flow rate during test = 100% design capacity = 1,000 gpm

Chlorine contact tank volume during test = operating volume = 47,400 gallons

Theoretical detention time of chlorine contact tank = 47.4 minutes

Test run time = 3.1 * theoretical detention time = 47.4 min = 2.45 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 = 1.89 mg/L

8.5 lbs. dry sodium fluoride required

25.2 gallons H2O minimum required to dissolve 8.5-lbs. dry sodium fluoride

49.3 gallons H2O used

Solution concentration = 9,077 mg/L

Feed pump capacity = 497 gpd = 1306.4 mL/min

Feed pump setting = 800.0 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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CClo 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 1.89 mg/l, but the final observed fluoride concentration was 1.36 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.  In tracer tests following the City of Cloverdale, undissolved powdered fluoride was also observed.  Mr. Doug Boyer, a chemist with Chemtech Product was contacted in regards to this problem.  He said that coarse sodium fluoride is extremely difficult to dissolve regardless of the solution water temperature.  In Mr. Boyer’s laboratory work, the coarse fluoride is ground to a fine powder to get better dissolution.  Mr. Boyer recommends purchasing powdered fluoride, which will dissolve more readily.  

Figure 1.  Time Series Plot of F(t)
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A time series plot of F(t) is shown above in Figure 1.  From the plot of F(t), a T10 value of 37 minutes was obtained.  A T10 value of 33 minutes was computed using the T10/T value from the EPA Guidance Manual (0.7) and a theoretical detention time (T) of 47.4 minutes.  The tracer test required maximum plant flow rate and near minimum tank operating volume.  These conditions were selected in order to generate a “worst case” T10 value for the City’s 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.

In conducting a step-input test, the test should run long enough to achieve steady-state concentration.  That is, the concentration applied to the influent of a tank should be equal to the tracer concentration at the effluent of the tank or cascade of tanks that are being evaluated to validate the data before the test is ended.  In general, it is best to run a tracer test for three to four theoretical detention times.  In basins that do not exhibit significant short-circuiting, steady-state tracer concentration for a step input test may be reached in as little as two theoretical detention times.  

In the City of Cloverdale study, the effluent concentration reach steady-state at approximately 2.1 theoretical detention times (100 minutes).  After 100 minutes, the effluent fluoride concentration was showed to be increasing at a very small rate.  The most probable reason is due in part that a small percent of water from the distribution system is continuously recycled back into the treatment process for use.  During the tracer study, the recycled water had the effect of increasing the background fluoride concentration over time.  Water from the distribution is used for solution water for post-chlorination.  Because the recycle streams contained a significant fluoride concentration during the test, background fluoride concentration would increase incremental over time, which would result in the effluent concentration having small incremental increases.  Thus, effluent concentration from the contact tank would take a very long time to reach steady-state.  

Factors associated with the design of the City of Cloverdale clearwells could also explain the T10 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 City of Cloverdale clearwells length-to-width and length-to-depth ratios (74:1 and 10.7:1, respectively) fall in the predictive range for the T10 value based on Bishop’s study (see Plot in Appendix B).

The calculated percent of plug flow, mixed flow, and dead space for the clearwell was also determined.  Approximately 70 percent of the clearwell modeled to be plug flow and 30 percent to be mixed.  Dead volume was calculated to be zero.  These values have an error up to 8 percent.

Table 2 lists the results of CT values calculated by different methods and the corresponding log inactivations assigned by the USEPA Guidance Manual.  All three methods 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 = 33 min. assigned by USEPA Guidance Manual
26.9
1.2

T = T10 = 37 min. determined by tracer study
30.0
1.3

Effective CT determined by tracer study
44.3
2.0

* Notes:
1. Required log reduction and inactivation of Giardia cyst is 3 log.  City of Cloverdale 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 cyst using free chlorine was for pH = 7.5, chlorine concentration = 0.81 mg/L, and temp = 20oC.

3.
The log inactivation credit for the effective CT can not be directly looked up on the CT tables since each elemental CT has a different chlorine residual.  However, the effluent chlorine residual can be used to approximate log inactivation of Giardia cyst.  The log inactivation value for the effective CT presented in the table was based on the weighted average of each fluid element.  

CONCLUSION

The City’s clearwell tracer study generated a T10 value of 37 minutes and a T10/T value of 0.78.  These values will be used in the future by the City of Cloverdale to determine compliance with the disinfection requirements of the Surface Water Treatment Rule.
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� EMBED Excel.Sheet.8  ���








� 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”.





� City of Cloverdale clearwells meets the USEPA definition of intrabasin baffling but does not meet the condition for inlet baffling.


� The Hach DR/2000 Spectrophotometer was used.
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		City of Cloverdale - Tracer Study - Contact Tank

		Calculations for analyzing data from step-input test*

		File: Clov3_tracer.xls

		Time, min						Measured Fluoride, mg/L																																				One           CFSTR in Series,             F(t) Curve		E(t) Curve,     dF/dt				Mean Residence Time,       Sum (tEdt)				ti/T		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)

		0				0.00		0.18		0.00		0.00		0.00		0.00																												0.00										0.00		0.00										0.0		0.00												0.00												0.00												0.00												0.00												0.00												0.00												0.00
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		13		3		0.27		0.18		0.00		0.00		0.00		0.00		0.00000		0.00%		11.5		0.00		0.0		0.9		0.00														0.24		0.016555		11.50		0.57		6.57		0.27		0.11		0.012577		11.50		0.43		4.99		13.0		0.05		0.008088		11.50		0.28		3.21				0.03		0.004886		11.50		0.17		1.94				0.01		0.002860		11.50		0.10		1.13				0.00		0.000525		11.50		0.02		0.21				0.00		0.000164		11.50		0.01		0.07				0.00		0.000000		11.50		0.00		0.00				0.00		0.000000		11.50		0.00		0.00				0.00		0.000000		11.50		0.00		0.00

		16		3		0.34		0.18		0.00		0.00		0.00		0.01		0.00000		0.00%		14.5		0.00		0.0		0.9		0.00														0.29		0.015540		14.50		0.68		9.80		0.34		0.15		0.013980		14.50		0.61		8.82		16.0		0.08		0.010630		14.50		0.46		6.70				0.05		0.007582		14.50		0.33		4.78				0.03		0.005231		14.50		0.23		3.30				0.01		0.001561		14.50		0.07		0.98				0.00		0.000670		14.50		0.03		0.42				0.00		0.000009		14.50		0.00		0.01				0.00		0.000001		14.50		0.00		0.00				0.00		0.000000		14.50		0.00		0.00

		19		3		0.40		0.18		0.00		0.00		0.00		0.02		0.00000		0.00%		17.5		0.00		0.0		0.9		0.00														0.33		0.014587		17.50		0.77		13.40		0.40		0.19		0.014872		17.50		0.78		13.66		19.0		0.12		0.012806		17.50		0.67		11.77				0.08		0.010336		17.50		0.54		9.50				0.05		0.008064		17.50		0.42		7.41				0.02		0.003464		17.50		0.18		3.18				0.01		0.001890		17.50		0.10		1.74				0.00		0.000078		17.50		0.00		0.07				0.00		0.000015		17.50		0.00		0.01				0.00		0.000003		17.50		0.00		0.00

		22		3		0.46		0.18		0.00		0.00		0.00		0.04		0.00000		0.00%		20.5		0.00		0.0		0.9		0.00														0.37		0.013692		20.50		0.84		17.26		0.46		0.24		0.015354		20.50		0.94		19.36		22.0		0.16		0.014536		20.50		0.89		18.33				0.12		0.012894		20.50		0.79		16.26				0.09		0.011051		20.50		0.68		13.93				0.04		0.006278		20.50		0.39		7.92				0.02		0.004120		20.50		0.25		5.19				0.00		0.000417		20.50		0.03		0.53				0.00		0.000127		20.50		0.01		0.16				0.00		0.000038		20.50		0.00		0.05

		25		3		0.53		0.18		0.00		0.00		0.01		0.07		0.00291		0.87%		23.5		0.21		4.8		0.9		0.19		21		1.0		0.009								0.41		0.012852		23.50		0.91		21.29		0.53		0.28		0.015511		23.50		1.09		25.70		25.0		0.21		0.015801		23.50		1.11		26.18				0.16		0.015078		23.50		1.06		24.98				0.13		0.013898		23.50		0.98		23.03				0.07		0.009810		23.50		0.69		16.25				0.04		0.007431		23.50		0.52		12.31				0.01		0.001521		23.50		0.11		2.52				0.00		0.000654		23.50		0.05		1.08				0.00		0.000278		23.50		0.02		0.46

		28		3		0.59		0.22		0.04		0.03		0.02		0.11		0.00291		0.87%		26.5		0.23		6.1		0.9		0.21		24		1.1		0.009								0.45		0.012064		26.50		0.96		25.42		0.59		0.33		0.015414		26.50		1.23		32.47		28.0		0.26		0.016621		26.50		1.32		35.02				0.21		0.016786		26.50		1.33		35.36				0.18		0.016373		26.50		1.30		34.49				0.11		0.013684		26.50		1.09		28.83				0.08		0.011595		26.50		0.92		24.43				0.02		0.004123		26.50		0.33		8.69				0.01		0.002326		26.50		0.18		4.90				0.00		0.001291		26.50		0.10		2.72

		31		3		0.65		0.24		0.06		0.04		0.03		0.16		0.00514		1.54%		29.5		0.46		13.4		0.9		0.41		26		1.2		0.018								0.48		0.011324		29.50		1.00		29.56		0.65		0.38		0.015121		29.50		1.34		39.48		31.0		0.31		0.017037		29.50		1.51		44.48				0.27		0.017979		29.50		1.59		46.94				0.23		0.018323		29.50		1.62		47.84				0.16		0.017457		29.50		1.54		45.58				0.13		0.016133		29.50		1.43		42.12				0.04		0.008815		29.50		0.78		23.01				0.03		0.006145		29.50		0.54		16.04				0.02		0.004209		29.50		0.37		10.99

		34		3		0.72		0.26		0.08		0.06		0.06		0.22		0.01047		3.14%		32.5		1.02		33.2		0.9		0.91		29		1.3		0.041								0.51		0.010630		32.50		1.04		33.68		0.72		0.42		0.014679		32.50		1.43		46.51		34.0		0.36		0.017105		32.50		1.67		54.20				0.32		0.018667		32.50		1.82		59.15				0.29		0.019671		32.50		1.92		62.33				0.22		0.020716		32.50		2.02		65.65				0.19		0.020463		32.50		2.00		64.84				0.09		0.015544		32.50		1.52		49.26				0.07		0.012754		32.50		1.24		40.41				0.05		0.010268		32.50		1.00		32.54

		37		3		0.78		0.32		0.14		0.10		0.12		0.29		0.01728		5.18%		35.5		1.84		65.3		0.9		1.63		31		1.4		0.072								0.54		0.009978		35.50		1.06		37.72		0.78		0.46		0.014129		35.50		1.50		53.42		37.0		0.42		0.016882		35.50		1.80		63.83				0.38		0.018890		35.50		2.01		71.42				0.35		0.020410		35.50		2.17		77.16				0.29		0.023163		35.50		2.47		87.57				0.26		0.024044		35.50		2.56		90.91				0.16		0.023370		35.50		2.49		88.36				0.13		0.021664		35.50		2.31		81.91				0.11		0.019689		35.50		2.10		74.44

		40		3		0.84		0.42		0.24		0.18		0.19		0.36		0.02421		7.26%		38.5		2.80		107.6		0.9		2.46		34		1.5		0.109								0.57		0.009366		38.50		1.08		41.65		0.84		0.50		0.013502		38.50		1.56		60.04		40.0		0.46		0.016424		38.50		1.90		73.03				0.44		0.018708		38.50		2.16		83.19				0.41		0.020578		38.50		2.38		91.51				0.36		0.024635		38.50		2.85		109.54				0.34		0.026497		38.50		3.06		117.83				0.25		0.030722		38.50		3.55		136.61				0.22		0.031082		38.50		3.59		138.22				0.20		0.030817		38.50		3.56		137.04

		43		3		0.91		0.57		0.39		0.29		0.28		0.44		0.03019		9.06%		41.5		3.76		156.0		0.9		3.28		36		1.6		0.144								0.60		0.008791		41.50		1.09		45.42		0.91		0.54		0.012824		41.50		1.60		66.26		43.0		0.51		0.015785		41.50		1.97		81.55				0.49		0.018193		41.50		2.27		94.00				0.47		0.020248		41.50		2.52		104.62				0.44		0.025110		41.50		3.13		129.74				0.42		0.027649		41.50		3.44		142.85				0.36		0.036019		41.50		4.48		186.10				0.34		0.038613		41.50		4.81		199.50				0.32		0.040552		41.50		5.05		209.52

		46		3		0.97		0.71		0.53		0.39		0.38		0.51		0.03444		10.33%		44.5		4.60		204.6		0.9		3.99		39		1.8		0.183								0.62		0.008252		44.50		1.10		49.02		0.97		0.58		0.012117		44.50		1.62		71.98		46.0		0.56		0.015012		44.50		2.00		89.18				0.54		0.017416		44.50		2.33		103.47				0.53		0.019511		44.50		2.60		115.91				0.51		0.024674		44.50		3.29		146.58				0.50		0.027525		44.50		3.67		163.52				0.48		0.038260		44.50		5.11		227.29				0.47		0.042358		44.50		5.65		251.64				0.46		0.045936		44.50		6.13		272.90

		49		3		1.03		0.86		0.68		0.50		0.49		0.58		0.03644		10.93%		47.5		5.19		246.7		0.9		4.48		41		1.9		0.203								0.64		0.007746		47.50		1.10		52.43		1.03		0.61		0.011397		47.50		1.62		77.14		49.0		0.60		0.014148		47.50		2.02		95.76				0.59		0.016446		47.50		2.34		111.32				0.59		0.018461		47.50		2.63		124.96				0.58		0.023486		47.50		3.35		158.97				0.58		0.026304		47.50		3.75		178.04				0.59		0.037292		47.50		5.31		252.42				0.59		0.041693		47.50		5.94		282.21				0.60		0.045660		47.50		6.51		309.06

		52		3		1.10		1.00		0.82		0.60		0.60		0.65		0.03595		10.78%		50.5		5.45		275.0		0.9		4.66		43		2.0		0.210								0.67		0.007271		50.50		1.10		55.63		1.10		0.64		0.010676		50.50		1.62		81.68		52.0		0.64		0.013227		50.50		2.00		101.19				0.64		0.015345		50.50		2.32		117.40				0.64		0.017190		50.50		2.60		131.52				0.65		0.021738		50.50		3.29		166.31				0.66		0.024249		50.50		3.67		185.53				0.69		0.033701		50.50		5.11		257.84				0.70		0.037307		50.50		5.65		285.43				0.72		0.040455		50.50		6.13		309.51

		55		3		1.16		1.15		0.97		0.71		0.70		0.71		0.03301		9.90%		53.5		5.30		283.4		0.9		4.50		45		2.1		0.203								0.69		0.006825		53.50		1.10		58.61		1.16		0.67		0.009966		53.50		1.60		85.58		55.0		0.68		0.012279		53.50		1.97		105.43				0.68		0.014166		53.50		2.27		121.64				0.69		0.015782		53.50		2.53		135.52				0.71		0.019629		53.50		3.15		168.55				0.72		0.021656		53.50		3.48		185.95				0.78		0.028485		53.50		4.57		244.59				0.80		0.030680		53.50		4.92		263.44				0.81		0.032371		53.50		5.20		277.96

		58		3		1.22		1.22		1.04		0.76		0.78		0.76		0.02793		8.38%		56.5		4.73		267.5		0.8		4.00		48		2.2		0.183								0.71		0.006407		56.50		1.09		61.35		1.22		0.70		0.009274		56.50		1.57		88.81		58.0		0.71		0.011327		56.50		1.92		108.47				0.72		0.012955		56.50		2.20		124.07				0.73		0.014308		56.50		2.43		137.02				0.76		0.017338		56.50		2.94		166.04				0.78		0.018800		56.50		3.19		180.04				0.84		0.022680		56.50		3.84		217.20				0.87		0.023399		56.50		3.97		224.08				0.89		0.023651		56.50		4.01		226.50

		61		3		1.29		1.32		1.14		0.84		0.85		0.81		0.02131		6.39%		59.5		3.80		226.3		0.8		3.19		50		2.3		0.145																				0.73		0.008605		59.50		1.54		91.39				0.74		0.010390		59.50		1.85		110.35				0.76		0.011747		59.50		2.10		124.77				0.77		0.012826		59.50		2.29		136.22				0.81		0.015015		59.50		2.68		159.47

		64		3		1.35		1.40		1.22		0.90		0.89		0.84		0.01402		4.21%		62.5		2.63		164.3		0.8		2.19		52		2.4		0.099																				0.75		0.007965		62.50		1.49		93.33				0.77		0.009482		62.50		1.78		111.12				0.79		0.010571		62.50		1.98		123.88				0.80		0.011380		62.50		2.13		133.36				0.84		0.012773		62.50		2.39		149.68

		67		3		1.41		1.42		1.24		0.91		0.91		0.88		0.00722		2.17%		65.5		1.42		92.9		0.8		1.17		54		2.5		0.053																				0.77		0.007355		65.50		1.45		94.66				0.80		0.008614		65.50		1.69		110.86				0.82		0.009447		65.50		1.86		121.59				0.83		0.010005		65.50		1.97		128.77				0.88		0.010692		65.50		2.10		137.61

		70		3		1.48		1.43		1.25		0.92		0.93		0.90		0.00600		1.80%		68.5		1.23		84.5		0.8		1.01		56		2.6		0.046																				0.79		0.006777		68.50		1.39		95.40				0.82		0.007792		68.50		1.60		109.68				0.84		0.008389		68.50		1.72		118.10				0.86		0.008722		68.50		1.79		122.78				0.90		0.008819		68.50		1.81		124.14

		73		3		1.54		1.45		1.27		0.93		0.93		0.92		0.00085		0.26%		71.5		0.18		13.1		0.8		0.15		58		2.6		0.007																				0.81		0.006233		71.50		1.34		95.59				0.84		0.007022		71.50		1.51		107.69				0.86		0.007407		71.50		1.59		113.61				0.88		0.007546		71.50		1.62		115.73				0.92		0.007177		71.50		1.54		110.07

		76		3		1.60		1.45		1.27		0.93		0.93		0.94		0.00082		0.25%		74.5		0.18		13.7		0.8		0.15		60		2.7		0.007																				0.83		0.005722		74.50		1.28		95.28				0.86		0.006305		74.50		1.41		104.98				0.88		0.006506		74.50		1.45		108.33				0.90		0.006482		74.50		1.45		107.93				0.94		0.005769		74.50		1.29		96.06

		85		9		1.79		1.46		1.28		0.94		0.94		0.97		0.00078		0.70%		80.5		0.56		45.3		0.8		0.45		64		2.9		0.020																				0.87		0.004811		80.50		3.49		280.59				0.90		0.005054		80.50		3.66		294.73				0.93		0.004973		80.50		3.60		290.06				0.94		0.004729		80.50		3.43		275.78				0.97		0.003666		80.50		2.66		213.83

		91		6		1.92		1.46		1.28		0.94		0.94		0.99		0.00074		0.45%		88.0		0.39		34.6		0.8		0.31		69		3.1		0.014																				0.90		0.003828		88.00		2.02		177.86				0.93		0.003750		88.00		1.98		174.23				0.95		0.003441		88.00		1.82		159.88				0.96		0.003050		88.00		1.61		141.70				0.99		0.001913		88.00		1.01		88.89

		97		6		2.05		1.47		1.29		0.95		0.95		0.99		0.00074		0.44%		94.0		0.42		39.3		0.8		0.32		73		3.3		0.015																				0.91		0.003175		94.00		1.79		168.30				0.94		0.002927		94.00		1.65		155.20				0.96		0.002529		94.00		1.43		134.06				0.97		0.002110		94.00		1.19		111.85				0.99		0.001104		94.00		0.62		58.55

		103		6		2.17		1.48		1.30		0.96		0.95		1.00		0.00076		0.45%		100.0		0.45		45.3		0.8		0.35		77		3.5		0.016																				0.93		0.002622		100.00		1.57		157.33				0.96		0.002267		100.00		1.36		136.00				0.97		0.001836		100.00		1.10		110.13				0.98		0.001436		100.00		0.86		86.15				1.00		0.000620		100.00		0.37		37.17

		109		6		2.30		1.49		1.31		0.96		0.96		1.00		0.00079		0.47%		106.0		0.50		53.2		0.8		0.38		80		3.6		0.017																				0.94		0.002158		106.00		1.37		145.48				0.97		0.001742		106.00		1.11		117.47				0.98		0.001318		106.00		0.84		88.86				0.99		0.000963		106.00		0.61		64.93				1.00		0.000339		106.00		0.22		22.84

		115		6		2.43		1.49		1.31		0.96		0.96		1.00		0.00084		0.51%		112.0		0.57		63.4		0.7		0.42		83		3.8		0.019																				0.95		0.001770		112.00		1.19		133.23				0.98		0.001331		112.00		0.89		100.17				0.99		0.000937		112.00		0.63		70.55				0.99		0.000638		112.00		0.43		48.00				1.00		0.000181		112.00		0.12		13.64

		121		6		2.55		1.49		1.31		0.96		0.97		1.00		0.00091		0.55%		118.0		0.65		76.3		0.7		0.47		87		4.0		0.022																				0.96		0.001448		118.00		1.03		120.97				0.98		0.001011		118.00		0.72		84.43				0.99		0.000661		118.00		0.47		55.21				1.00		0.000417		118.00		0.30		34.88				1.00		0.000095		118.00		0.07		7.93

		134		13		2.83		1.52		1.34		0.99		0.98		1.00		0.00107		1.39%		127.5		1.77		225.7		0.7		1.27		92		4.2		0.058																				0.98		0.001054		127.50		1.75		222.84				0.99		0.000655		127.50		1.08		138.33				1.00		0.000381		127.50		0.63		80.61				1.00		0.000215		127.50		0.36		45.46				1.00		0.000035		127.50		0.06		7.44

		147		13		3.10		1.54		1.36		1.00		1.00		1.00		0.00135		1.76%		140.5		2.47		347.0		0.7		1.72		98		4.5		0.079																				0.99		0.000672		140.50		1.23		172.37				1.00		0.000350		140.50		0.64		89.69				1.00		0.000171		140.50		0.31		43.82				1.00		0.000081		140.50		0.15		20.73				1.00		0.000008		140.50		0.01		2.00

		2.45		hrs																100%				52.8		3189				44.3						2.00												sum		16.41		564.68								sum		44.8839		2924								sum		46.6143		2865										47.1548		2770										47.3323		2686										47.4181		2531										32.0789		1396										37.2261		1694										38.8699		1789										40.1756		1864

		Temperature:																				0.78						Effluent Chlorine residual, mg/L:								0.81

		Dose rate (fluoride), mg/L:										1.36										64						Effective C x t, mg/L * min:								44.3								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

		Flow rate, gpm:										1,000										1.7														30.0								47.400				last updated 10/24/97								Variance:		909.01		0.451220		0.443636								Variance:		691.79										Variance:		545.93										Variance:		445.90										Variance:		282.7861										Variance:		366.7303										Variance:		308.7134										Variance:		278.1746										Variance:		249.5989

		Total volume, gal.:										47,400										52.8														1.48										Variance:		0.0821										44.9		D/(uL):		0.31935

		Residence Time (T), min:										47.4										400						Effective Log Inactivation:								2.00																				minutes per CSTR																46.6												47.2												47.3												47.4												32.1												37.2												38.9												40.2

		Length to Width Ratio (L/W):										74:1				Dispersion # (axial dispersion), D/(uL):						0.077719						Log Inactivation (SWTR):								1.35												16.4								23.700												minutes per CSTR												minutes per CSTR												minutes per CSTR												minutes per CSTR																								minutes per CSTR												minutes per CSTR												minutes per CSTR

		Length to Depth Ratio (L/D):										10.7:1				Chlorine decay rate (k), 1/min:						0.00227						Ratio: Effective Log / Log (SWTR):								1.48																																15.800				0.318374		0.312907						11.850				0.245517		0.242048						9.480				0.199033		0.196875						5.925				0.125768		0.124916						minutes per CSTR				0.356374		0.100090						2.370				0.222772		0.050143						1.896				0.184116		0.040162						1.580				0.154638		0.033513

												37				Chlorine dose rate, mg/L:						0.96																										1.097540		0.795170																						D/(uL):		0.193794										D/(uL):		0.140845										D/(uL):		0.110688										D/(uL):		0.066939						4.740				D/(uL):		0.0528365										D/(uL):		0.0257335										D/(uL):		0.0205015										D/(uL):		0.0170469

		*Test Date: 8/9/96																																										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

																																								Volume used:				52,809

																																								Dead Volume:				-5,409

																																								%dead Vol.				-11.41%

																						standard Dev.						19.99

												Correl.		0.990				0.143357		0.14335670		N						6.975599

		last updated 1/8/98

		In column C, recyled conc. was taken out based on E-curve.

		Bottle		Time								0.1800

		#		min.		Outlet, mv		Effl., mg/L		Infl., mg/L		Co(1)		Recyled dossage added												BG		Recyle d				equation bg														conc		conc-bg

		1		0				0.18				0.180		0.0000												0.1800		0.0000				0.130				0		-0.050		0.00000		0.00		0.05		0.00		0.05		0.00

		2		4				0.18				0.180		0.0000												0.1800		0.0000				0.129				0		-0.051		0.000		0.00		0.05		0.00		0.05		0.00

		3		7				0.18				0.180		0.0000												0.1800		0.0000				0.129				0		-0.051		0.000		0.00		0.05		0.00		0.05		0.00

		4		10				0.18				0.180		0.0000												0.1800		0.0000				0.128				0		-0.052		0.000		0.00		0.05		0.00		0.05		0.00

		5		13				0.18				0.180		0.0000												0.1800		0.0000				0.128				0		-0.052		0.000		0.00		0.05		0.00		0.05		0.00

		6		16				0.18				0.180		0.0000												0.1800		0.0000				0.127				0		-0.053		0.000		0.00		0.05		0.00		0.05		0.00

		7		19				0.18				0.180		0.0000												0.1800		0.0000				0.127				0		-0.053		0.000		0.00		0.05		0.00		0.05		0.00

		8		22				0.18				0.180		0.0000												0.1800		0.0000				0.127				0		-0.053		0.000		0.00		0.05		0.00		0.05		0.00

		9		25				0.18				0.180		0.0000												0.1800		0.0000				0.126				0		-0.054		0.000		0.00		0.05		0.00		0.05		0.00

		10		28				0.22				0.181		0.0008								time zero		start		0.1808		0.0008				0.126				0		-0.054		0.001		0.04		0.09		0.04		0.09		0.04

		11		31				0.24				0.181		0.0012												0.1812		0.0012				0.126				0		-0.054		0.001		0.06		0.11		0.06		0.11		0.06

		12		34				0.26				0.182		0.0016												0.1816		0.0016				0.126		0.130		0		-0.054		0.002		0.08		0.13		0.08		0.13		0.08

		13		37				0.32				0.183		0.0027												0.1827		0.0027				0.126		0.129		0		-0.054		0.003		0.14		0.19		0.14		0.19		0.14

		14		40				0.42				0.185		0.0047												0.1847		0.0047				0.126		0.129		0		-0.054		0.005		0.24		0.29		0.24		0.29		0.24

		15		43				0.57				0.188		0.0076												0.1876		0.0076				0.126		0.128		0		-0.054		0.008		0.38		0.44		0.39		0.44		0.38

		16		46				0.71				0.190		0.0104												0.1904		0.0104				0.126		0.128		0		-0.054		0.010		0.52		0.58		0.53		0.58		0.52

		17		49				0.86				0.193		0.0133												0.1933		0.0133				0.126		0.127		0		-0.054		0.013		0.67		0.73		0.68		0.73		0.67

		18		52				1.00				0.196		0.0161												0.1961		0.0161				0.126		0.127		0		-0.054		0.016		0.80		0.87		0.82		0.87		0.80

		19		55				1.15				0.199		0.0190												0.1990		0.0190				0.126		0.127		0		-0.054		0.019		0.95		1.02		0.97		1.02		0.95

		20		58				1.22				0.200		0.0204												0.2004		0.0204				0.126		0.126		0		-0.054		0.020		1.02		1.09		1.04		1.09		1.02

		21		61				1.32				0.202		0.0224												0.2024		0.0224				0.127		0.126		0		-0.053		0.022		1.12		1.19		1.14		1.19		1.12

		22		64				1.40				0.204		0.0239												0.2039		0.0239				0.127		0.126		0		-0.053		0.024		1.20		1.27		1.22		1.27		1.20

		23		67				1.42				0.204		0.0243												0.2043		0.0243				0.127		0.126		0		-0.053		0.024		1.22		1.29		1.24		1.29		1.22

		24		70				1.43				0.205		0.0245												0.2045		0.0245				0.127		0.126		0		-0.053		0.025		1.23		1.30		1.25		1.30		1.23

		25		73				1.45				0.205		0.0249												0.2049		0.0249				0.128		0.126		0		-0.052		0.025		1.25		1.32		1.27		1.32		1.25

		26		76				1.45				0.205		0.0249												0.2049		0.0249				0.128		0.126		0		-0.052		0.025		1.25		1.32		1.27		1.32		1.25

		27		85				1.46				0.205		0.0251												0.2051		0.0251				0.130		0.126		0		-0.050		0.025		1.25		1.33		1.28		1.33		1.25

		28		91				1.46				0.205		0.0251												0.2051		0.0251				0.131		0.126		0		-0.049		0.025		1.25		1.33		1.28		1.33		1.25

		29		97				1.47				0.205		0.0253												0.2053		0.0253				0.132		0.127		0		-0.048		0.025		1.26		1.34		1.29		1.34		1.26

		30		103				1.48				0.205		0.0255												0.2055		0.0255				0.133		0.127		0		-0.047		0.025		1.27		1.35		1.30		1.35		1.27

		31		109				1.49				0.206		0.0257												0.2057		0.0257				0.135		0.128		0		-0.045		0.026		1.28		1.36		1.31		1.36		1.28

		32		115				1.49				0.206		0.0257												0.2057		0.0257				0.136		0.129		0		-0.044		0.026		1.28		1.35		1.31		1.35		1.28

		33		121				1.49				0.206		0.0257												0.2057		0.0257				0.138		0.130		0		-0.042		0.026		1.28		1.35		1.31		1.35		1.28

		34		134				1.52				0.206		0.0263												0.2063		0.0263				0.142		0.133		0		-0.038		0.026		1.31		1.38		1.34		1.38		1.31

		35		147				1.54				0.207		0.0267												0.2067		0.0267				0.146		0.136		0		-0.034		0.027		1.33		1.39		1.36		1.39		1.33

																										sum		0.4737

						Residence Time

						47.40

												25		28.00		31		34.0000		37		40		43.00		46.00		49.00		52.00		55.00		58.00		61.00		64.00		67.0		70.0		73.0		76.00		85.0		91.00		97.00		103.00		109.00		115		121		134		147

										25		0		0.0632911392		0.1265822785		0.1898734177		0.253164557		0.3164556962		0.3797468354		0.4430379747		0.5063291139		0.5696202532		0.6329113924		0.6962025316		0.7594936709		0.8227848101		0.8860759494		0.9493670886		1.0126582278		1.0759493671		1.2658227848		1.3924050633		1.5189873418		1.6455696203		1.7721518987		1.8987341772		2.0253164557		2.2995780591		2.5738396624

										28				0		0.0632911392		0.1265822785		0.1898734177		0.253164557		0.3164556962		0.3797468354		0.4430379747		0.5063291139		0.5696202532		0.6329113924		0.6962025316		0.7594936709		0.8227848101		0.8860759494		0.9493670886		1.0126582278		1.2025316456		1.3291139241		1.4556962025		1.582278481		1.7088607595		1.835443038		1.9620253165		2.2362869198		2.5105485232

										31		0		0		0		0.0632911392		0.1265822785		0.1898734177		0.253164557		0.3164556962		0.3797468354		0.4430379747		0.5063291139		0.5696202532		0.6329113924		0.6962025316		0.7594936709		0.8227848101		0.8860759494		0.9493670886		1.1392405063		1.2658227848		1.3924050633		1.5189873418		1.6455696203		1.7721518987		1.8987341772		2.1729957806		2.447257384

										34		0		0		0		0		0.0632911392		0.1265822785		0.1898734177		0.253164557		0.3164556962		0.3797468354		0.4430379747		0.5063291139		0.5696202532		0.6329113924		0.6962025316		0.7594936709		0.8227848101		0.8860759494		1.0759493671		1.2025316456		1.3291139241		1.4556962025		1.582278481		1.7088607595		1.835443038		2.1097046414		2.3839662447

										37		0		0		0				0		0.0632911392		0.1265822785		0.1898734177		0.253164557		0.3164556962		0.3797468354		0.4430379747		0.5063291139		0.5696202532		0.6329113924		0.6962025316		0.7594936709		0.8227848101		1.0126582278		1.1392405063		1.2658227848		1.3924050633		1.5189873418		1.6455696203		1.7721518987		2.0464135021		2.3206751055

										40		0		0		0		0		0		0		0.0632911392		0.1265822785		0.1898734177		0.253164557		0.3164556962		0.3797468354		0.4430379747		0.5063291139		0.5696202532		0.6329113924		0.6962025316		0.7594936709		0.9493670886		1.0759493671		1.2025316456		1.3291139241		1.4556962025		1.582278481		1.7088607595		1.9831223629		2.2573839662

										43		0		0		0		0		0		0		0		0.0632911392		0.1265822785		0.1898734177		0.253164557		0.3164556962		0.3797468354		0.4430379747		0.5063291139		0.5696202532		0.6329113924		0.6962025316		0.8860759494		1.0126582278		1.1392405063		1.2658227848		1.3924050633		1.5189873418		1.6455696203		1.9198312236		2.194092827

										46		0		0		0		0		0		0		0		0		0.0632911392		0.1265822785		0.1898734177		0.253164557		0.3164556962		0.3797468354		0.4430379747		0.5063291139		0.5696202532		0.6329113924		0.8227848101		0.9493670886		1.0759493671		1.2025316456		1.3291139241		1.4556962025		1.582278481		1.8565400844		2.1308016878

										49		0		0		0		0		0		0		0		0		0		0.0632911392		0.1265822785		0.1898734177		0.253164557		0.3164556962		0.3797468354		0.4430379747		0.5063291139		0.5696202532		0.7594936709		0.8860759494		1.0126582278		1.1392405063		1.2658227848		1.3924050633		1.5189873418		1.7932489451		2.0675105485

										52		0		0		0		0		0		0		0		0		0		0		0.0632911392		0.1265822785		0.1898734177		0.253164557		0.3164556962		0.3797468354		0.4430379747		0.5063291139		0.6962025316		0.8227848101		0.9493670886		1.0759493671		1.2025316456		1.3291139241		1.4556962025		1.7299578059		2.0042194093

										55		0		0		0		0		0		0		0		0		0		0		0		0.0632911392		0.1265822785		0.1898734177		0.253164557		0.3164556962		0.3797468354		0.4430379747		0.6329113924		0.7594936709		0.8860759494		1.0126582278		1.1392405063		1.2658227848		1.3924050633		1.6666666667		1.94092827

										58		0		0		0		0		0		0		0		0		0		0		0		0		0.0632911392		0.1265822785		0.1898734177		0.253164557		0.3164556962		0.3797468354		0.5696202532		0.6962025316		0.8227848101		0.9493670886		1.0759493671		1.2025316456		1.3291139241		1.6033755274		1.8776371308

										61		0		0		0		0		0		0		0		0		0		0		0		0		0		0.0632911392		0.1265822785		0.1898734177		0.253164557		0.3164556962		0.5063291139		0.6329113924		0.7594936709		0.8860759494		1.0126582278		1.1392405063		1.2658227848		1.5400843882		1.8143459916

										64		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.0632911392		0.1265822785		0.1898734177		0.253164557		0.4430379747		0.5696202532		0.6962025316		0.8227848101		0.9493670886		1.0759493671		1.2025316456		1.4767932489		1.7510548523

										67		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.0632911392		0.1265822785		0.1898734177		0.3797468354		0.5063291139		0.6329113924		0.7594936709		0.8860759494		1.0126582278		1.1392405063		1.4135021097		1.6877637131

										70		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.0632911392		0.1265822785		0.3164556962		0.4430379747		0.5696202532		0.6962025316		0.8227848101		0.9493670886		1.0759493671		1.3502109705		1.6244725738

										73		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.0632911392		0.253164557		0.3797468354		0.5063291139		0.6329113924		0.7594936709		0.8860759494		1.0126582278		1.2869198312		1.5611814346

										76		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.1898734177		0.3164556962		0.4430379747		0.5696202532		0.6962025316		0.8227848101		0.9493670886		1.223628692		1.4978902954

										85		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.1265822785		0.253164557		0.3797468354		0.5063291139		0.6329113924		0.7594936709		1.0337552743		1.3080168776

										91		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.1265822785		0.253164557		0.3797468354		0.5063291139		0.6329113924		0.9071729958		1.1814345992

										97		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.1265822785		0.253164557		0.3797468354		0.5063291139		0.7805907173		1.0548523207

										103		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.1265822785		0.253164557		0.3797468354		0.6540084388		0.9282700422

										109		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.1265822785		0.253164557		0.5274261603		0.8016877637

										115		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.1265822785		0.4008438819		0.6751054852

										121		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.2742616034		0.5485232068

										134		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.2742616034

										147		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

						0.00000

		28				0.00078		0.00039		0.00039		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00037		0.00037		0.00038		0.00038		0.00038		0.00038		0.00038																																																																								0.0026

		31				0.00118		0.00098		0.00059		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00055		0.00056		0.00056		0.00056		0.00057		0.00057		0.00057																																																																								0.0039

		34				0.00157		0.00137		0.00039		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00037		0.00037		0.00038		0.00038		0.00038		0.00038																																																																								0.0023

		37				0.00275		0.00216		0.00078		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00073		0.00074		0.00075		0.00075		0.00076		0.00076																																																																								0.0045

		40				0.00471		0.00373		0.00157		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00147		0.00149		0.00150		0.00151		0.00152																																																																								0.0075

		43				0.00765		0.00618		0.00245		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00001		0.00228		0.00232		0.00234		0.00236		0.00237																																																																								0.0117

		46				0.01039		0.00902		0.00284		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00001		0.00001		0.00001		0.00267		0.00270		0.00273		0.00274																																																																								0.0109

		49				0.01333		0.01186		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000																																																																								0.0000

		52				0.01608		0.01471		0.00569		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00001		0.00001		0.00002		0.00003		0.00003		0.00534		0.00545		0.00548																																																																								0.0164

		55				0.01902		0.01755		0.00284		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00001		0.00001		0.00265		0.00272		0.00274																																																																								0.0081

		58				0.02039		0.01971		0.00216		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00205		0.00208																																																																								0.0041

		61				0.02235		0.02137		0.00167		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00158		0.00160																																																																								0.0032

		64				0.02392		0.02314		0.00176		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00166		0.00169																																																																								0.0034

		67				0.02431		0.02412		0.00098		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00092		0.00094																																																																								0.0019

		70				0.02451		0.02441		0.00029		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00027		0.00028																																																																								0.0006

		73				0.02490		0.02471		0.00029		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00028																																																																								0.0003

		76				0.02490		0.02490		0.00020		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00018																																																																								0.0002

		85				0.02510		0.02500		0.00010		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00009																																																																								0.0001

		91				0.02510		0.02510		0.00010		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000																																																																								0.0000

		97				0.02529		0.02520		0.00010		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000																																																																								0.0000

		103				0.02549		0.02539		0.00020		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000																																																																								0.0000

		109				0.02569		0.02559		0.00020		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000																																																																								0.0000

		115				0.02569		0.02569		0.00010		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000																																																																								0.0000

		121				0.02569		0.02569		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000																																																																								0.0000

		134				0.02627		0.02598		0.00029		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000																																																																								0.0000

		147				0.02667		0.02647		0.00049		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000																																																																								0.0000

						0.00000		0.01333				0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000																																																																								0.0000

								0.4737		0.0265		0.0000		0.0000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00001		0.00002		0.00095		0.00207		0.00585		0.00858		0.01661		0.02333		0.02408																																																																								27

												0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00001		0.00002		0.00094		0.00204		0.00576		0.00844		0.01634		0.02295		0.02377				0.00000		0.00000

												0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00000		0.00001		0.00002		0.00095		0.00207		0.00585		0.00858		0.01661		0.02333		0.02408				0.00000		0.00000

																																																																				0.00000		0.00000

										0.78		0.11230		first equation																																																						0.00000		0.00000

										0.78		0.07375		second equation																																																						0.00000		0.00000

										0.78				third equation																																																						0.00000		0.00000

																																																																				0.00000		0.00000

																																																																				0.00000		0.00000

																																																																				0.00000		0.00000

																																																																				0.00000		0.00000

																																																																				0.00000		0.00000

																																																																				0.00000		0.00000

																																																																				0.00000		0.00000

																																																																				0.00000		0.00000

																																																																				0.00000		0.00000

																																																																				0.00000		0.00000

																																																																				0.00000		0.00000

																																																																				0.00000		0.00000

																																																																				0.00001		0.00001

																																																																				0.00002		0.00002

																																																																				0.00094		0.00095

																																																																				0.00204		0.00207

																																																																				0.00576		0.00585

																																																																				0.00844		0.00858

																																																																				0.01634		0.01661

																																																																				0.02295		0.02333

																																																																				0.02377		0.02408
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