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	PURPOSE

	This Standard Operating Procedure describes the steps necessary to perform simultaneous tracer studies using conservative tracer chemicals like lithium chloride and specific conductance from sodium chloride.  The method described herein is commonly referred to as the step dose method.  A second method known as slug dose will yield equivalent results for determining T10, but does not lend itself as readily to enclosed water systems.  

	MATERIALS AND EQUIPMENT

	1. Tracer Chemicals - Health and Safety

	The tracer study described above will be completed using two chemicals (Lithium chloride, LiCl, and Sodium chloride, NaCl).  The chemicals should be handled in accordance with the appropriate MSDS information

	2. Typical Equipment Necessary

	1. Tracer chemical storage tank
2. Tracer chemical feed pump: (Basis: Stenner Model MHP40 120V Adjustable Pump)
3. Appropriate injectors and tubing to add the chemical prior to the process being tested.

4. Appropriate plumbing for sampling after the process being tested: Example: 3/8-inch PVC overflow sampler with push fittings

5. Conductivity meter (if sodium chloride is used)
6. Test Tubes – for collecting LiCl for analysis and Test Tube Rack
7. Stop watch, extension cords, and other equipment to dose chemical. 

	TESTING PROCEDURE

	1. Initial Data Gathering

	An initial round of data gathering is required to assess the applicability of a tracer study specific to the system.  
1. Determine the contact tank volume(s) and maximum flow rate.
2. Two flow rates are required to be tested.  Flow rates for tracer study must be approximately 50% and >90% of the maximum.  
3. Determine if the tank level(s) and flow rate can be maintained for the duration of the study.  If flows cannot be maintained constant within 10%, baffling factors may be calculated based on average flow over the testing period – depending on site specific conditions. 
4. Sample and /or analyze the system water for background conductivity and lithium.

5. Locate an injection point prior to the process (or segment) being tested for Baffling Factor and a sample location downstream of the same process. This can be taken on the entire water plant after disinfectant addition, or on individual segements.  However, ONLY ONE TEST MAY BE RUN AT A TIME – there should only be ONE sample point per chemical injection point. 
6. Determine the plumbing modifications necessary to inject the tracer and maintain a continuous sample flow.

7. Establish the date for the tracer study.

	2. Preparing for the Tracer Study – Prior to Tracer Study Date

	Prior to the day of the tracer study the following tasks should be accomplished: 

1. Prior to the date, verify the plant operating conditions remain conducive to the study.  
2. Purchase appropriate chemicals and other sampling equipment.

3. Using the contactor volume(s) V, and the expected flow rate Q determine the theoretical detention time TDT = V/Q.

4. Based on the system configuration or design approval, estimate a probable baffle factor.  

5. Multiply the probable baffle factor by the theoretical detention time to obtain a probable T10, B.F. X TDT = ~T10. 

6. Determine the sample schedule:

a.  Attempt to closely bracket the T10 value – e.g. the system may be able to take one sample every two minutes for 10 minutes (approaching T10) and then 2 minutes prior to the expected T10 , the system should start sampling every 30 seconds for better resolution).  

7. Samples will be taken over the span of the study which is dependent upon flow rate and volume.  
8. Record these elapsed times in minutes beside the samples – typically at least 1-30.  

	3. Preparing for the Tracer Study – Tracer Study Date

	The day of the tracer study the following tasks should be accomplished:
1. Add sufficient chemical to the chemical storage tank to produce roughly 2X background for lithium and conductivity.  
2. Thoroughly mix the chemical storage tank.
3. Test the flow rate of chemical into the process – (for dosage calculations).  A typical feed rate for small systems is roughly 100 milliliters per minute. 
4. Ensure that the sampling location is appropriate and plumbed correctly to allow a continuous overflow sample (for conductivity). 

a. EXAMPLE: Attach the overflow conductivity sampler with pieces of Velcro strapping to the vertical structure.  – see pictures below:
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	4. Tracer Study 

	1. Verify flow through the overflow sampler, verify pump operational.  

2. Record water quality before the test (including conductivity).
3. Record plant flowrate (either near 50% capacity or >90% capacity) and tank levels
4. Begin dosing tracer

5. Record the conductivity readings and collect samples that correspond to the predetermined sample times. 

6. Verify the tracer solution is feeding appropriately during the test. 
7. Periodically verify any process tank levels and the flowrate are remaining constant.  

8. The ramp-up portion of the study is complete when no increase is noted in the last two or three conductivity readings and they do not vary appreciably from each other.   

9. Cease Dosing Tracer

10. Record water quality after the test (including conductivity).
11.  Record the conductivity readings and collect samples that correspond to the predetermined sample times. 

12. Periodically verify any process tank levels and the flowrate are remaining constant.  

13. The ramp-down portion of the study is complete when conductivity readings return to near background level and they do not vary appreciably from each other.   

14. Change plant flow rate to the second flow.

15. Repeat steps 2-13.

16. Deliver any necessary water quality samples to a laboratory for analysis
17. Analyze date and determine Baffling Factors
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