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Background

Tracer studies were conducted for three surface water treatment plants for the Visalia District.  The facilities are Britz/ Five Points, Britz/Colusa and Farming D located in Five Points in Fresno County.  All three plants have been defined to be equivalent to direct filtration.  

The filtered water for each plant discharges into a storage tank at a fixed, constant rate.  Water from the Britz/ Five Points and the Farming D storage tanks is pumped via booster pump through a pressure tank and then out into the distribution system.  The Britz/Colusa system has a pressure tank to keep the distribution system pressurized but water from the system tank does not flow through it.  The number of connections and population served is listed below.  A profile flow schematic for each plant is shown at the end of this document. 
	
	Britz/Five Points
	Britz/Colusa
	Farming D

	Connections
	33
	29
	40

	Population
	150
	106
	100


The estimated system demands are unknown due to unavailable data.
Objectives

The objectives of this study were to:

· Evaluate the overall hydraulic performance and operating conditions of each treatment plant storage tank and pressure tanks at winter and summer system demands,

· Determine t10 (time when 10% of tracer mass has exited the storage/pressure tanks), and 

· Use summer and winter demand flow results to develop equations for determining daily t10 values at each site on a daily basis.
The purpose of the tracer studies was to determine the hydraulic efficiency of each clearwell and pressure tanks used for chlorine contact time.  A non-reactive tracer is added to the influent of the clearwell.  The time it takes for 10 percent of the tracer mass to exit the clearwell is called t10.  This value is used to determine the short-circuiting factor.  The short-circuiting factor is t10/T where T is the theoretical detention time for the clearwell.   

The term “CT” or the more correct form “Ct10” is the disinfection residual (mg/L) of the water leaving the contact tank multiplied by the time (minutes) when 10% of the disinfected water has existed the contact tank.  By conducting a tracer study of the three plants, t10 is easily determined for the flow condition and system demands for that study.  Since flow condition and system demand changes throughout the year, t10 will also change.  Since it is impractical to conduct a tracer study for each flow and system demand condition, another parameter is required that can be correlated to daily t10 values.    

In addition to system demand changing throughout the year, the three surface water systems for which tracer studies are proposed have significant flow variations and flow interruptions because distribution system pressures are maintained by pressure tanks.  This results in the treatment plants and the booster pumps experiencing frequent start ups and shut downs.  Under these operational conditions, the true hydraulic efficiency or short-circuiting factor for the clearwell can not be determined.  Thus, some equivalent method must be devised to determine on a daily basis the time when 10 percent of the disinfected water has existed the contact tank.

The results of a tracer test will provide the t10 under one set of operational conditions.  Since the flow is being monitored and recorded as it exists the contact tank, it can be totalized to provide the cumulative volume of water that has flowed out of the contact tank at time t10 for any specific set of operational conditions.  The results of a tracer test will therefore provide t10 and total volume of water (V10) that has an age t10 or less.  But, determining a V10 value does not in itself provide a means to determine t10 under different flow conditions for the type of operation experienced by the three treatment plants proposed for tracer studies.  One approach would be to determine t10 and its associated V10 using a tracer study at one flow condition and then use that V10 to determine t10 values at different flow conditions.  For example, assume a tracer study showed V10 equaled 4,000 gallons.  Then the time it took for 4,000 gallons of water to exit the contact tank would be used as the t10 value for all flow conditions.  Thus, from a practical standpoint, the shortest time it took to discharge 4,000 gallons from the contact tank in a 24 hour period would be the t10 used to determine the disinfection inactivation (C t10) for that day.  

However, applying this methodology is equivalent to assuming a t10 obtained from a tracer study could be applied to any flow condition a treatment plant experienced.  If the change of flow through a contact tank was minimal throughout the year, it would be valid to apply one short-circuiting factor or in effect one V10 to that system.  In reality though, many treatment plants do operate at different flow rates which can change the hydraulic efficiency of a contact tank.  A recent study conducted on a large clearwell showed that the short-circuiting factor for the winter flow was approximately 12% lower compared to the summer flow value (operating at same tank level).  This would indicate that one V10 cannot be used for all flow conditions.  A tracer study must be conducted at two flow conditions, one representing near maximum system demand and one representing near minimum system demand that a treatment plant will experience.  Each study will give a t10 and V10 which can be used to develop an equation which will give a t10 value as a function of the measured volume of water that has flowed from the contact tank.  However, to be meaningful this equation must be normalized on the time period inactivation will be based on.  For example, assume two tracer studies were conducted on one treatment plant/clearwell system and the t10 and V10 values obtained at the high system demand condition were 50 minutes and 4,000 gallons, respectively, and the t10 and V10 values obtained at the low system demand condition were 70 minutes and 3,200 gallons, respectively.  Normalizing these data on a 60 minute compliance period gives the equation presented in graphical form below.

	Tracer Data Results
	Normalize to 60 minutes

	Cumulative 
Volume (gallons)
	t10
(minutes)
	Cumulative 
Volume (gallons)
	Equivalent
t10 (minutes)

	4,000
	50
	4,800
	50

	3,200
	70
	2,743
	70
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To be useful, the volume of water that has flowed out of the contact tank would have to be determined every 15 minutes for the previous 60 minutes.  This V10 value would be used to calculate a t10 value at 15 minute increments that represented the t10 value achieved in the previous 60 minutes.  These t10 values would then be used to calculate a Ct10 value to determine the level of inactivation achieved for that period.  The chlorine concentration used to determine the Ct10 values would depend on the frequency at which chlorine residual is being measured.  The lowest Ct10 achieved in a 24 hours period would be the value used to determine compliance with the system’s disinfection inactivation requirement.   

To determine if there are significant variations between low and high demands for the three treatment plants in question, two tracer studies will be conducted for each plant.   The first set of testing will be based on actual winter conditions.  Since it will be conducted in November 2008, flow conditions should be close to low demands.  The second round of testing is to simulate high system demands by turning on facets or hydrants if needed.    On-site testing should not take more than 3 days.  Data from the studies will be used to determine a function to calculate t10 for each plant on a daily basis. 

If it is found that the cumulative volume for high and low system demands are within 5 percent, then the system may choose the lower of the two volumes for determining t10 for all flow conditions.   For example, if the two tracer tests showed t10 at cumulative volumes of 3,850 and 4,000 gallons, then 3,850 gallons would be used for all flow 
conditions in determining daily t10.  The daily t10 would be the shortest time when 3,850 gallons of chlorinated water had entered into the distribution system. 

Tracer Chemical and Dose Measurement
Fluoride, in the form of hydrofluosilicic acid (H2SiF6), was selected as the tracer because it is readily available and easily monitored.  Fluoride will be conserved in this study due to little or no aluminum interference.  Fluoride is typically 25.46% H2SiF6 with a specific gravity of 1.24.  The molecular weight of H2SiF6 is 144.1 grams/mole.  By weight, approximately 79.1% is Fluoride in H2SiF6 and 20.14% is Fluoride in the total chemical solution.  Based on the parameters above, one gallon of solution contains 1.95 pounds (249.5 g/L) of fluoride.
During each tracer test, fluoride dose concentration was determined by turning on the sample tap to the clearwell until approximately one gallon of water was sampled.  Given that the concentration of fluoride entering the clearwell may not be constant due to the pulsing of the chemical feed meter and/or inadequate hydraulic mixing, this method of sampling help ensure that enough sample was taken to obtain the average dosing concentration.     This procedure of sampling was conducted a number of times while the treatment plant was operating to ensure dosing was consistent.
Modified Step-Input Method & Dosage
Tracer studies were conducted at winter and summer system demands for each treatment plant on the following days and estimated start times:

	Time
	November 19
	November 20
	November 21

	Morning
	Britz/Five Points (low)
	Britz/Colusa (low)
	Britz/Colusa (High)

	Afternoon
	Farming D (low)
	Britz/Five Points (High)
	Farming D (High)


Winter demand flow testing was conducted first followed by summer demand flow testing.
The Modified Step-Dose test was applied to all test flows.  The Modified Step-Dose (MSD) test is similar to the Step-Dose (SD) test with the exception that the tracer dosing concentration for the MSD is normally higher and the tracer chemical feed is shut down well before tracer effluent concentration reaches steady-state.  

In a Step-Dose test, using fluoride as a tracer, peak steady-state dosage is normally between 2 to 4 mg/L.  The tracer test is usually carried out until the tracer concentration in the water leaving the contact tank being tested reaches steady state and is equal to the influent concentration.  To achieve near steady-state tracer concentration, the test must run at least three times the theoretical detention time (T) of the reactor.  The purpose in running the test to steady-state is to verify that no tracer was lost due to absorption in the contact tank, there have been no malfunctions in the chemical feed system, and that the analytical method being used is producing accurate results.  If, for example, the theoretical detention time was six hours, then the test would run at least eighteen hours.  

The information of most interest is the time it takes for ten percent of the tracer mass to exit the reactor (t10).  If the tracer dosing was 2.0 mg/L, then the concentration expected in the reactor effluent at t10 is 0.2 mg/L excluding the background fluoride concentration.  This tracer concentration will exit the reactor sometime before the theoretical detention time.  As a reactor hydraulically approaches plug-flow the value of t10 approaches T.   If t10 = 100 minutes and T = 384 minutes, the short-circuiting factor (t10/T) is 0.28.  The value of t10 is the critical data that must be obtained from the tracer study to determine a contact tank’s short-circuiting factor.  

With good quality assurance/quality control (QA/QC) and with some predictive modeling capabilities, it is not necessary to run the test until steady-steady concentration is achieved.  Good tracer results (i.e., accurate t10 values) may be obtained by operating the test until slightly over 10 percent of the total tracer mass has been verified leaving the reactor.   This is what is called the Modified Step-Dose Method.  

Because steady-state concentration is not reached in the Modified Step-Dose Method, the dosage used in the test can be a higher concentration then used with the Step-Dose Method.  A higher tracer dosage enables improved analytical results to be obtained when the Ion Electrode Probe is used for fluoride analysis.  
For this study, dosage was set between 3.0 to 6.7 mg/L as fluoride.  The chemical feed pump used in this study had a capacity of 10 gallons per day (26.3 mL/min).  
Results – Farming D
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Farming D winter and summer tracer study flows were conducted on November 19 and 21, respectively.  The treatment plant was operated at 85 gpm for both studies.  Each study began when the treatment plant turned on, clearwell tank levels at 15-feet (one foot from full) and booster pump operating.  Tracer samples were taken before and after the 5,000 gallon pressure tank.      For each sample taken, the cumulative volume of delivered water was recorded on the flow meter located before the booster pump.
Tracer Test Flows – Farming D:  

On November 19, 2008, a winter flow tracer test was conducted on Farming D.  The test was based on actual conditions and demands for that day.  On November 21, 2008, a summer flow tracer test was conducted by opening a fire hydrant to approximately 30 gpm to simulate summer demands.  In the table below are the cumulative volumes and respective times when ten percent of the tracer mass was seen.  
Farming D:
	
	Winter Test Flow
	Summer Test Flow

	Sample Point
	V10 (Gal)
	t10 (minutes)
	V10 (Gal)
	t10 (minutes)

	Before Pressure Tank
	1,410
	41
	1,650
	22

	After Pressure Tank
	5,086
	192
	4,460
	65


During the duration of the summer flow test, the treatment plant and booster pumps remained on.  Booster pumps flows ranged from 48 to 84 gpm.

During the winter test, the treatment plant shut down at 29 minutes and did not start up until 132 minutes into the test.  The plant operated another 28 minutes before shutting down a second time at the 160 minute testing mark.  The booster pump operated based on system pressure that ranged from 0 to 172 gpm.  
Results show that the 5,000 gallon pressure tank provided significantly more hydraulic detention time for the chlorine as compared to the clearwell tanks alone.  
For the winter tracer test, the treatment plant initially operated for 29 minutes before shutting down due to clearwell tanks being full.  The initial amount of water treated represented approximately 10% of the total volume of the clearwells at startup or approximately 8% when the volume (4,000 gallons, 80% of 5,000 gallons) of the pressure tank is included.  When the treatment plant shut down, so does the injection of the fluoride tracer and chlorine.  During the plant shut down period, the chlorinated and fluoridated water is aging and dispersing within the clearwells as there is intermittent pumping from the clearwells into the 5,000 gallon pressure tank.  Because of the initial short operating time of the plant during winter testing, it appears that there was not enough treated and fluoridated water to yield 10 percent of the added tracer mass measured on the outlet of the 5,000 gallon pressure tank.   The 10 percent of the tracer mass measured after the pressure tank was not seen until 60 minutes after the plant had started a second time.
The winter and summer cumulative volumes measured after the 5,000 gallon pressure tank were normalized to one hour and plotted as depicted below.  A straight line equation was developed to calculate t10 based on daily maximum hourly cumulative volume.  Daily measurements of the chlorine residual should be taken downstream of the 5,000 gallon pressure tank for log inactivation calculations.  
Farming D - Volume Normalized to 1 Hour:

	
	Winter Test Flow
	Summer Test Flow

	Sample Point
	V (Gal)
	Equivalent t10 (minutes)
	V (Gal)
	Equivalent t10 (minutes)

	After Pressure Tank
	1,589
	192
	4,117
	65
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Results – Britz/Five Points
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Britz/Five Points winter and summer tracer study flows were conducted on November 19 and 20, respectively.  The treatment plant was operated at 110 gpm for both studies.  Each study began when the treatment plant turned on, clearwell tank level at 21-feet (two feet from full) and booster pump operating.  Tracer samples were taken before and after the 4,000 gallon pressure tank.  For each sample taken, the cumulative volume of delivered water was recorded on the flow meter located after the pressure tank.

Tracer Test Flows – Britz/Five Points:  

On November 19, 2008, a winter flow tracer test was conducted on Britz/Five Points.  The test was based on actual conditions and demands for that day.  On November 20, 2008, a summer flow tracer test was conducted by opening hose bibs in the distributions system to simulate summer demands.  In the table below are the cumulative volumes and respective times when ten percent of the tracer mass was seen.  

Britz/Five Points
	
	Winter Test Flow
	Summer Test Flow

	Sample Point
	V10 (Gal)
	t10 (minutes)
	V10 (Gal)
	t10 (minutes)

	Before Pressure Tank
	1,139
	30
	1,235
	18

	After Pressure Tank
	3,580
	92.5
	2,920
	47


During the duration of the summer flow test, the treatment plant remained on and the booster pump operated on and off based on system pressure.  The recorded flow meter values downstream of the pressure tank were between 54 and 80 gpm.  
During the winter test, the treatment plant shut down at 30 minutes and did not start up until 79 minutes into the test.  The plant remained on-line until the tracer test was completed.    

Results show that the 4,000 gallon pressure tank provided significantly more hydraulic detention time for the chlorine as compared to the clearwell tank alone.  

For the winter tracer test, the treatment plant initially operated for 30 minutes before shutting down due to the clearwell tank being full.  The initial amount of water treated represented approximately 18% of the total volume of the clearwell at startup or approximately 15% when the volume (3,200 gallons, 80% of 4,000 gallons) of the pressure tank is included.  When the treatment plant shut down, so does the injection of the fluoride tracer and chlorine.  During the plant shut down time, the chlorinated and fluoridated water is aging and dispersing within the clearwells as there is intermittent pumping from the clearwells into the 4,000 gallon pressure tank.  Because of the initial short operating time of the plant during winter testing combined with intermittent pumping of the booster pump, it appears that there was not enough treated and fluoridated water to yield 10 percent of the added tracer mass measured on the outlet of the 4,000 gallon pressure tank.   The 10 percent of the tracer mass measured after the pressure tank was not seen until about 13 minutes after the plant had started a second time.

The winter and summer cumulative volumes measured after the 4,000 gallon pressure tank were normalized to one hour and plotted as depicted below.  A straight line equation was developed to calculate t10 based on daily maximum hourly cumulative volume.  Daily measurements of the chlorine residual should be taken downstream of the 5,000 gallon pressure tank for log inactivation calculations.  

Britz/Five Points - Volume Normalized to 1 Hour:

	
	Winter Test Flow
	Summer Test Flow

	Sample Point
	V (Gal)
	t10 (minutes) Equivalent 
	V (Gal)
	Equivalent t10 (minutes)

	After Pressure Tank
	2,322
	92.5
	3,728
	47
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Results – Britz/Colusa
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Britz/Colusa winter and summer tracer study flows were conducted on November 20 and 21, respectively.  The treatment plant was operated at 155 gpm for both studies.  Each study began when the treatment plant turned on, clearwell tank level at approximately 21-feet (two feet from full) and booster pump operating.  Tracer samples were taken before and after the 1,000 gallon pressure tank for the winter test and before the pressure tank for the summer test.  Sampling before the pressure tank was proven to be appropriate and the most conservative point.  It was found that when the booster pump turned on, the 1,000 gallon pressure would be by-passed to a certain degree.  This was proven when the fluoride concentrations before the booster pump and downstream of the pressure tank were the same.  When the booster pump was off, the fluoride concentration after the pressure tank would significantly decrease indicating that water was being drawn from the pressure tank.  
Flow meters were installed before and after the pressure tank.  During the test, it was determined that the meter located after the pressure tank did not have enough flow to register accurately when the booster pump was off and flow was solely based on system demands   The meter just downstream of the booster pump had adequate flow and was used in determining cumulative volume of water delivered.  
Tracer Test Flows – Britz/Colusa:  

On November 20, 2008, a winter flow tracer test was conducted on Britz/Colusa.  The test was based on actual conditions and demands for that day.  On November 21, 2008, a summer flow tracer test was conducted by opening hose bibs in the distributions system to simulate summer demands.  In the table below are the cumulative volumes and respective times when ten percent of the tracer mass was seen.  

Britz/Colusa
	
	Winter Test Flow
	Summer Test Flow

	Sample Point
	V10 (Gal)
	t10 (minutes)
	V10 (Gal)
	t10 (minutes)

	Before Pressure Tank
	2,428
	130
	1,594
	21.5


During the duration of the summer flow test, the treatment plant and booster pump remained on.  
During the winter test, the treatment plant shut down at approximately 16 minutes into the test and did not start up until 124 minutes into the test.  The plant remained on-line until shutting off at 140 minutes into the test.  Ten percent of the total mass was seen at 130 minutes.    

Results show that the 1,000 gallon pressure tank did not provide additional hydraulic detention time for the chlorine when the booster pump was running.  

For the winter tracer test, the treatment plant initially operated for approximately 16 minutes before shutting down due to the clearwell tank being full.  The initial amount of water treated represented approximately 14% of the total volume of the clearwell at startup.  When the treatment plant shut down, so does the injection of the fluoride tracer and chlorine.  During the plant shut down time, the chlorinated and fluoridated water is aging and dispersing within the clearwells as there is intermittent pumping from the clearwells into the distribution system.  Because of the initial short operating time of the plant during winter testing combined with intermittent pumping of the booster pump, it appears that there was not enough treated and fluoridated water to yield 10 percent of the added tracer mass measured between the clearwell and pressure tank.   The 10 percent of the tracer mass measured after the pressure tank was not seen until six minutes after the plant had started a second time.

The winter and summer cumulative volumes measured before the pressure tank were normalized to one hour and plotted as depicted below.  A straight line equation was developed to calculate t10 based on daily maximum hourly cumulative volume.  Daily measurements of the chlorine residual should be taken upstream of the 1,000 gallon pressure tank for log inactivation calculations.  

Britz/Colusa - Volume Normalized to 1 Hour:

	
	Winter Test Flow
	Summer Test Flow

	Sample Point
	V (Gal)
	Equivalent t10 (minutes)
	V (Gal)
	Equivalent t10 (minutes)

	Before Pressure Tank
	1,121
	130
	4,448
	21.5
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Roles and Responsibilities of Participants

Kristen Pineda & 
Bryan Potter (559-444-3310, cell# 559-312-3386, Nov. 21) 
· Were responsible for collecting all fluoride grab samples, recording elapsed time, flow production meter and other information as required on the data form. 
Guy Schott 
· Was responsible for bringing all sample bottles and analyzing equipment.  
· Conducted analysis of all grab samples and signal operator when to discontinue the fluoride feed system.
· Determine t10 value for each tracer results.

Kelly Granger – (cell: 559-240-0300)
Jonathan Demsky
· Operated treatment plants and SCADA
· Setup fluoride chemical feed system

· Simulated summer flows 

For any questions, you may contact Guy Schott at:

707-576-2732 (work)

707-322-2001 (cell) 

email: guy.schott@cdph.ca.gov
Guy J. Schott, P.E.

Associate Sanitary Engineer

Department of Public Health

Summary of Tracer Results:

Farming D:

	
	Winter Test Flow
	Summer Test Flow

	Sample Point
	V10 (Gal)
	t10 (minutes)
	V10 (Gal)
	t10 (minutes)

	After Pressure Tank
	5,086
	192
	4,460
	65


Farming D - Volume Normalized to 1 Hour:

	
	Winter Test Flow
	Summer Test Flow

	Sample Point
	V (Gal)
	Equivalent t10 (minutes)
	V (Gal)
	Equivalent t10 (minutes)

	After Pressure Tank
	1,589
	192
	4,117
	65

	t10 Equation:
	t10 = -0.0502 x (Max Cumulative Vol in 1 hr) + 271.86


Britz/Five Points

	
	Winter Test Flow
	Summer Test Flow

	Sample Point
	V10 (Gal)
	t10 (minutes)
	V10 (Gal)
	t10 (minutes)

	After Pressure Tank
	3,580
	92.5
	2,920
	47


Britz/Five Points - Volume Normalized to 1 Hour:

	
	Winter Test Flow
	Summer Test Flow

	Sample Point
	V (Gal)
	t10 (minutes) Equivalent 
	V (Gal)
	Equivalent t10 (minutes)

	After Pressure Tank
	2,322
	92.5
	3,728
	47

	t10 Equation:
	t10 = -0.0324 x (Max Cumulative Vol in 1 hr) + 167.68


Britz/Colusa

	
	Winter Test Flow
	Summer Test Flow

	Sample Point
	V10 (Gal)
	t10 (minutes)
	V10 (Gal)
	t10 (minutes)

	Before Pressure Tank
	2,428
	130
	1,594
	21.5


Britz/Colusa - Volume Normalized to 1 Hour:

	
	Winter Test Flow
	Summer Test Flow

	Sample Point
	V (Gal)
	Equivalent t10 (minutes)
	V (Gal)
	Equivalent t10 (minutes)

	After Pressure Tank
	1,121
	130
	4,448
	21.5

	t10 Equation:
	t10 = -0.0326 x (Max Cumulative Vol in 1 hr) + 166.54
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