Plant Effluent/ System Influent Hold Study

Special Study Protocol
Overview:

The Plant Effluent / Distribution System Influent Hold Study is designed to simulate chlorine decay (and/or DBP formation) in the distribution system.  During the hold study plant finished water or water coming into the distribution system through a master meter is collected into bottles and is held at distribution system temperature, in the dark, to simulate distribution system conditions.  Chlorine residual analysis of the bottle samples is used to estimate the bulk chlorine decay of the water (not pipe wall demands) and chlorine decay rate constant (k).  DBP and THM Plus results are used to estimate DBP formation potential of the water.  

The test can be used for various purposes:

· Determine if the system’s chlorine loss is primarily associated with the chlorine demand inherent in the bulk finished water, or if it is a function of the distribution system (pipes, tanks, etc).  In other words, should efforts be focused on improving treatment or maintaining water quality in the distribution system?  

· Determine if a treatment change will impact chlorine demand / DBP formation.  For example, assess the impact of lowering the plant’s finished water chlorine residual target from 2.5 mg/L to 2 mg/L on TTHM formation.

· Determine the chlorine decay rate for a distribution system water quality model or tank mixing model (like Comptank).

· Use chlorine decay rate to determine if changes to tank operation will impact chlorine residual in a tank.

· Determine an ideal tank turnover time given the chlorine decay rate of a system / tank.

· A process control tool for plant and distribution system operations.  

· Assess the maximum TTHM / HAA formation potential of the water.

· Identify HAA biodegradation by comparing the hold study results with those in the distribution system at similar chlorine residuals.
· Estimate water age in the distribution system by comparing chlorine residuals measured in the field with those from the bottle.

The Excel file called Plant Effluent Hold Study – Chlorine Decay and DBPs.xls was designed to accompany this special study.
Materials:

· Five (5) chlorine-demand free amber glass bottles (recommended 1-L bottles) with Teflon-lined caps (one extra bottle is recommended in case one breaks during the study)
· Six (6) sets of sample vials with preservative for total trihalomethane (TTHMs) (labeled with hold times) 
· Six (6) sets of sample vials with preservative for five haloacetic acids (HAA5) for the plant effluent hold study (labeled with hold times)

· (Optional):  raw bromide, raw and treated TOC samples

· Chlorine test kit or pocket colorimeter with powder pillows

· Digital thermometer

· Water bath, alternatives include:

· (ideally) water bath or constant temperature incubator that can be set a specific temperature (OR) 

· a container designed for continuous flow-through of plant finished water (OR)

· cooler (filled with water and changed frequently to be used as a water bath for the bottles)
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· Plant Effluent Hold Study – Chlorine Decay and DBPs.xls Excel File

· Data Collection Sheet (print out from spreadsheet for recording data)

Approach:

1. Start of Test (hold time ≈ 0 hours)
a. Set up:

i. Prepare the water bath.  This will serve as an incubator for the hold study bottles.  The temperature in the water bath should be set to the temperature in the distribution system (or plant finished water).  If a cooler is being used as a water bath, it should be filled with water that represents the temperature of the distribution system.

ii. Take out the colorimeter, powder pillows, thermometer, and Hold Study Data Collection Sheet.

iii. Take out 1 set of TTHM and HAA5 (and optional bromide and TOC) vials.  Label all vials “0 hr”.

b. Perform the following at about the same time:

i. Fill the hold study bottles with plant effluent water from finished water sample tap or system “influent” water from a master meter or other entry point (if a consecutive system); make sure they are filled headspace-free (no air bubbles).  It is recommended to fill one extra bottle in case one breaks during the study.  Cap the bottles tightly.  Place the bottles in the cooler/water bath.  Close the water bath (i.e., bottles should be in the dark).

ii. Record the date and time on the TTHM and HAA5 sample vials labeled “0 day”.  Fill the TTHM and HAA5 sample vials with plant effluent/ system influent water (headspace free, but without overfilling).  Place the vials in the refrigerator.

iii. (Optional) collect raw bromide, and raw and finished TOC samples.

iv. Immediately thereafter, measure the free chlorine residual (in duplicate) and temperature of the plant effluent/ system influent water.

v. Record data on the Hold Study Data Collection Sheet.
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2. Bottle 1 (hold time ≈ 6 hours)

a. Set up:

i. Take out the colorimeter, powder pillows, thermometer, and Hold Study Data Collection Sheet.

ii. Record the temperature of the water bath on the Hold Study Data Collection Sheet.  If necessary, refill the cooler with plant finished water/ distribution system water and record the temperature of the new water bath.
iii. Take out 1 set of TTHM and HAA5 vials.  Label all vials “6 hr”.

b. Open one hold study bottle.  From this bottle:
i. Record the date and time on the TTHM and HAA5 sample vials labeled “6 hr”.  Fill the TTHM and HAA5 sample vials headspace free, but without overfilling.  Place the vials in the refrigerator.

ii. Measure and record the free chlorine residual (in duplicate) and temperature on the Hold Study Data Collection Sheet.

iii. Set aside the partially used bottle.  Continue to hold/incubate the remaining bottles in the water bath.  
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3. Bottle 2 (hold time ≈ 12 hours)

a. Set up:

i. Take out the colorimeter, powder pillows, thermometer, and Hold Study Data Collection Sheet.

ii. Record the temperature of the water bath on the Hold Study Data Collection Sheet.  If necessary, refill the cooler with plant finished water/ distribution system water and record the temperature of the new water bath.

iii. Take out 1 set of TTHM and HAA5 vials.  Label all vials “12 hr”.

b. Open one hold study bottle.  From this bottle:

i. Record the date and time on the TTHM and HAA5 sample vials labeled “12 hr”.  Fill the TTHM and HAA5 sample vials headspace free, but without overfilling.  Place the vials in the refrigerator.

ii. Measure and record the free chlorine residual (in duplicate) and temperature on the Hold Study Data Collection Sheet.

iii. Set aside the partially used bottle.  Continue to hold/incubate the remaining bottles in the water bath.  
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4. Bottle 3 (hold time ≈ 24 hours)

a. Set up:

i. Take out the colorimeter, powder pillows, thermometer, and Hold Study Data Collection Sheet.

ii. Record the temperature of the water bath on the Hold Study Data Collection Sheet.  If necessary, refill the cooler with plant finished water/ distribution system water and record the temperature of the new water bath.

iii. Take out 1 set of TTHM and HAA5 vials.  Label all vials “24 hr”.

b. Open one hold study bottle.  From this bottle:

i. Record the date and time on the TTHM and HAA5 sample vials labeled “24 hr”.  Fill the TTHM and HAA5 sample vials headspace free, but without overfilling.  Place the vials in the refrigerator.

ii. Measure and record the free chlorine residual (in duplicate) and temperature on the Hold Study Data Collection Sheet.

iii. Set aside the partially used bottle.  Continue to hold/incubate the remaining bottles in the water bath.
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5. Chlorine Rate Constant and Chlorine Decay Graphs:  

a. At any time during the study, the data can be entered into the Plant Effluent Hold Study – Chlorine Decay and DBPs.xls file to track the progress of the test.  The “Chlorine Decay Rate Constant” graph displays the calculated chlorine decay rate constant and the “Chlorine Decay and DBP Formation vs Time” graph displays the chlorine decay curve.  Note that the chlorine decay rate constant will change over the course of the study.

6. Bottle 4 (hold time  ≈ 36-48 hours)

a. Set up:

i. Take out the colorimeter, powder pillows, thermometer, and Hold Study Data Collection Sheet.

ii. Record the temperature of the water bath on the Hold Study Data Collection Sheet.  If necessary, refill the cooler with plant finished water/ distribution system water and record the temperature of the new water bath.

iii. Take out 1 set of TTHM and HAA5 vials.  Label all vials with the hold time.

b. Open one hold study bottle.  From this bottle:

i. Record the date and time on the TTHM and HAA5 sample vials.  Fill the TTHM and HAA5 sample vials headspace free, but without overfilling.  Place the vials in the refrigerator.

ii. Measure and record the free chlorine residual (in duplicate) and temperature on the Hold Study Data Collection Sheet.

iii. Set aside the partially used bottle.  Continue to hold/incubate the remaining bottles in the water bath.
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7. Bottle 5 (hold time  ≈ 60-72 hours)

a. Set up:

i. Take out the colorimeter, powder pillows, thermometer, and Hold Study Data Collection Sheet.

ii. Record the temperature of the water bath on the Hold Study Data Collection Sheet.  If necessary, refill the cooler with plant finished water/ distribution system water and record the temperature of the new water bath.

iii. Take out 1 set of TTHM and HAA5 vials.  Label all vials with the hold time.

b. Open one hold study bottle.  From this bottle:

i. Record the date and time on the TTHM and HAA5 sample vials.  Fill the TTHM and HAA5 sample vials headspace free, but without overfilling.  Place the vials in the refrigerator.

ii. Measure and record the free chlorine residual (in duplicate) and temperature on the Hold Study Data Collection Sheet.

iii. Set aside the partially used bottle.  Continue to hold/incubate the remaining bottles in the water bath.
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8. DS Field Data:  If distribution system sampling is conducted at the same time, the field data can be entered into the worksheet entitled “DS Field Data”.  This data can be used to assess the impact of the distribution system on chlorine decay and DBP formation as compared to the bottle, as shown on the DBP vs Chlorine graph.
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9. Development of Pseudo chlorine decay Graph:  

a. Enter the time of collection and duplicate chlorine residual data from the 5 bottles and start of the test (there should be 6 data points) into the “Bottle Test Data” worksheet.
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b. In the small table below (see figure), enter the “Final Concentration (inside Bottle #9)”.  This is the desired final chlorine concentration of the test.  This value should be 0.2 mg/L (equivalent to the chlorine goal).  This will be the final datapoint that is plotted.  Next, enter the “Rate of chlorine decay” of the water into the table.  You can determine this from the slope of the line on the chart (remember the slope of the line is “m” in the equation y=mx+b).  
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c. Once you have entered this data into the spreadsheet the “Estimated” Bottle #6 -#9 simulated times and chlorine values will be calculated based on the chlorine decay rate determined above and displayed on the “Pseudo Chlorine Decay vs Time” graph.  This graph displays the chlorine decay curve for the complete test (using the actual and estimated chlorine data).
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