NAWQA NEET Program Protocol 

Time-of-Travel Studies

and 

Dye Dilution Discharge Measurements

These protocols are based on information given in Kilpatrick and Wilson (1989), Kilpatrick and Cobb (1985), and Wilson and others (1986) and conform to the methods outlined in those reports.  The reports can be reviewed for additional detail, recognizing that some of the technology has changed since the reports were written.

Time-of-travel studies can be conducted in one of two ways.  In the first approach, the dye is released near the upstream end of the study reach and sampled near the downstream end of the metabolism study reach (single dye-station approach).  In the second approach, the dye is released several hundred meters upstream from the metabolism study reach and is then sampled at two locations: at the upstream end of the metabolism study reach and at the downstream end of the metabolism study reach (two dye-station approach).  The first approach is quicker, but is subject to more errors in time-of-travel estimation than the second approach.   The second approach is preferred.

The purpose of discharge measurements made using the dye dilution method in the metabolism studies is to determine if ground water is discharging into the metabolism study reach.  Consequently, discharge measurements will be required at the upstream and downstream ends of the study reach.  Data collected for discharge measurement can be used for time-of-travel calculations.

A. Equipment List

1. Approximately 40 – 50 pre-numbered sample bottles having a volume of about 40 ml or greater for each sampling site.  Glass bottles are preferred.
2. Ice chest for each sampling site.
3. Data sheets, pencils, and synchronized clock/watch for each sampling site.
4. Disposable gloves.
5. Waders and PFD.
6. Trash bags.
7. Two 5-gallon buckets.
8. Two containers of a pre-measured volume of 20% Rhodamine WT dye.
9. At least 5 liters of dye solution pre-diluted to 100 parts per million (see section C.)
10. Fluorometer (preferably one per sampling site).
11. Kim-wipes for each sampling site.
12. DI or drinking water in squirt bottle.

13. Copy (not original) of fluorometer operating manual.
14. Batteries and spares for fluorometer (AAA).
15. Extra cuvettes for fluorometer.
16. Slot-head screw driver (to access fluorometer batteries).
17. Laptop with Turner Designs Interface Software loaded (optional)
18. Laptop – fluorometer interface cable (required with use of laptop).
19. 2 (1 – 2 liter) flasks or graduated cylinders.
20. 3 – 5 100 mL flasks.
21. 10 ml pipette.
22. 4 radios for communication
B. Site Selection

1. Lateral Mixing:  The techniques described in this protocol are based on the assumption that the dye concentrations at the sampling location at any given time are uniform in the cross section.  The approximate distance from the release site to the location at which dye is laterally mixed can be estimated from the following relation (Kilpatrick and Cobb, 1985):
L = 0.088 x V x B2 / d1.5 / s0.5
where L = optimum mixing distance from dye injection to point of complete lateral mixing, in feet; V = estimated stream velocity, in feet per second; B = average stream width, in feet; d = average stream depth, in feet; and s – average stream slope, in feet per feet.  This equation is based on the assumption that the dye is instantaneously released at a point in the center of the channel.  

From this equation, it can be seen that the optimum mixing distance increases as the velocity and the stream width increase, and that the mixing distance decreases as depth increases.  In other words, lateral mixing occurs over a shorter distance in a deep stream than in a shallow stream.  For a stream with a slope of 0.001 (very mild slope), a depth of 0.2 feet, a velocity of 0.5 feet per second, and a width of 10 feet, the distance required for lateral mixing is about 1,500 feet.  For the same stream at a depth of 0.5 feet, the optimum mixing distance is 390 feet.  The required mixing distance is decreased by initially releasing the dye across the stream channel.

2. Dye release site:  The goal of the injection is to help ensure that the dye mixes vertically and laterally in the channel as quickly as possible.   Characteristics of a good release site are (1) narrow width; (2) riffle section; and (3) firm channel bottom.  The dye will be released across the width of the channel, so a section that is narrow relative to adjacent sections should be selected.  Lateral mixing occurs more effectively in pools than riffles (see equation above), so release in or immediately upstream from a pool section is desirable.
Dye will be released sufficiently far upstream from the upstream end of the metabolism study reach that lateral mixing occurs.  In most cases, 100 – 200 meters should be adequate if dye is initially spread across the stream.  Selection of the release location will be based on the 3 criteria listed above, as well as accessibility and meeting the goal of complete lateral mixing by the time the dye cloud reaches the upstream end of the metabolism study reach.

3. Sampling sites:  Sampling sites are to be at the upstream and downstream ends of the metabolism study reach.  The distance between the upstream sampling station and the downstream sampling station should be recorded.  If possible, samples should be collected from riffles rather than in pools.
C. Preparation

1. Fluorometer—Review and follow operating instructions for the fluorometer.

First, the calibration of the instrument is established by following the manufacturer’s instructions, which call for one blank sample (distilled water) and one dye standard (25 ug/L recommended).

Following this calibration, the response of the fluorometer over a range of dye concentrations should be established by developing a calibration curve.  The calibration curve should be checked in the laboratory prior to beginning field studies and following the completion of all field studies at a study unit.  

Prior to use each day during the field study period, the calibration should be checked using the solid calibration standard provided with the fluorometer.  The fluorometer is designed to provide a linear response at least up to about a concentration of 500 ug/L.  Beyond that concentration, fluorometer response may be nonlinear.
Dye standards can be prepared by using the following procedures (see Wilson and others, 1984; and Turner Designs, 2003).  Note that the dye solution is only 20% active Rhodamine WT.  The standards here are given in terms of active ingredient, which is 20 % of the concentration of the dye solution.
· Pipette 1 gram of dye into a 100 ml flask.  Add distilled water to fill the flask to 100 ml to give solution 1 (2 parts per thousand dilution, or 2,000 mg/L).

· Pipette 1 ml of solution 1 into a graduated cylinder and rinse into a 100 mL flask.  Complete filling the flask to give solution 2 (20 parts per million dilution, or 20 mg/L).

· Pipette 25 ml of solution 2 into a graduated cylinder and rinse into a 1 liter flask.  Complete filling the flask to give the working solution (500 parts per billion, or 500 ug/L).  Retain the working solution.

Check the fluorometer calibration at the following concentrations: 
· 500 ug/L—working solution.

· 200 ug/L—mix 40 ml of working solution with 60 ml of distilled water.

· 100 ug/L—mix 20 ml of working solution with 80 ml of distilled water.

· 50 ug/L—mix 10 ml of working solution with 90 ml of distilled water.

· 25 ug/L—mix 5 ml working solution with 95 ml distilled water.

· 10 ug/L—mix 2 ml working solution with 98 ml of distilled water.

· 5 ug/L—mix 1 ml working solution with 99 ml of distilled water.

Record and plot the calibration curve.  The working solution and standards can be retained for subsequent calibrations.  Standards should be stored in the dark.

2. Dye—The amount of dye required for the time-of-travel study can be estimated by using the empirical equation developed by Kilpatrick (1970).  A downstream peak concentration of 50 ug/L is desirable for the hand-held fluorometers, which have a detection limit of 0.4 ppb.  The equation was developed from data from 85 tracer studies on relatively large streams.  The original equation (Kilpatrick and Cobb, 1985) was: 

D = 3.8 x 10-5 x Cp x (QLT /V) 

where  D = volume of Rhodamine WT dye solution, in ml; 

Q = streamflow in cubic feet per second;

LT = distance from point of dye injection to measurement location, in feet;

Cp = peak dye concentration in micrograms per liter; 

V = mean stream velocity, in feet per second; and 

A = channel cross-sectional area, in square feet.

Note that L is the sum of the length of the metabolism study reach plus the distance from the injection point to the upstream end of the metabolism reach.  The equation can be re-written by (1) assuming Cp = 50 ug/L and (2) assuming that the dye solution that will be released has been diluted 100 times (see below).  The final equation is 

Dd = 0.19 x (QL/V) = 0.19 x (AL)
For a stream with a flow of 2 ft3/s, a reach length of 1,000 ft, a mean velocity of 0.5 ft/s, and a cross-sectional area of 4 ft2, then 7.6 ml of dye solution (3.8 x 10-5 x 50 x (4 x 1,000)), or 760 ml of dye solution diluted 100 times (0.19 x 4 x 1,000) would be needed to achieve a peak concentration of 50 ug/L at the downstream end of the reach.  

The amount of dye released may need to be increased about 50% if the stream reach has heavy macrophyte growth or snags and debris.

D. Dye Release

1. Cautions:  Wear disposable gloves when preparing the injection.  Ideally, only one person should come in contact with the dye during the injection process.  Persons involved in the dye release (touching the dose bottle, mixing the 5-gallon container, and pouring the dye into the stream) should not be involved in sample collection and measurement.  Also, be sure that there is no dye on the shoes or waders of those involved in sampling or the release.

2. Watches for those sampling the dye should be synchronized.

3. Using the procedures outlined above, estimate the amount of dye required  for the study.   It is strongly recommended that dye solution 1 (or the original stock solution diluted 100 times; see  C.1 above) be used in the release.  Because of the small volumes of stock solution required for NEET streams, a small error in pipetting can result in a large error in the estimate of original mass of dye released.  Accurate measures of the mass of dye released into the stream are easier with the diluted solution.  Use of the 100 x diluted solution (solution 1) will require that several liters of diluted solution be prepared in the laboratory prior to the field studies.
4. Record the volume of dye released, time of release, and whether the stock solution or the 100 x diluted solution is used.

5. Pipette (for stock solution) or pour (for 100 x diluted solution) the dye into the 5-gallon container.  Rinse the pippette (or flask) clean with native water and pour into the 5-gallon container.  

6. Add 10 – 12 liters of native water to the 5-gallon container, and mix with the dye.  

7. Quickly pour (not dump) the dye mixture into the stream.  Try to spread the mixture across as much of the channel width as possible.  Record the time of the release using one of the synchronized watches.

8. Place all materials used in the release in trash bags for subsequent cleaning.

E. Sampling

As previously discussed, release and sampling locations should be selected to ensure that the assumption of lateral uniformity at sampling locations is met.  Release of the dye across the channel also will help ensure that laterally uniform concentrations occur quickly after the release.

1. Samples will be collected in the numbered sample bottles.  No special preparation of sample bottles is required:  rinsing with distilled water is adequate
2. Samples should be manually collected near the midpoint of the stream at a location where there is observable water movement.  The sample should be collected at the same location each time.  Record the exact time of sample collection.  Use of a pump also is acceptable, but the hose length should be as short as possible to minimize mixing in the hose and to minimize travel time in the hose.  
3. Several background samples should be collected before the dye is released.  

4. Rinse the fluorometer cuvette once with sample water, re-fill the cuvette, wipe the outside of the cuvette dry, and make a fluorometer reading.  Note that fluorometer readings need not be made as soon as the samples are collected, but readings are required to identify the passage of the peak of the dye cloud.

5. Be sure the notch on the cuvette is lined up with the notch on the fluorometer.

6. Record the required information on the sample form.

7. Rinse the cuvette with native water and set aside.

8. Store the remaining sample in an ice chest in the dark (no need to chill).

9. Samples should be collected at perhaps 15 – 30 second intervals (depending on the stream characteristics) as the dye concentration increases to the peak, and at 1- 2minute intervals as dye concentrations are decreasing.  Some judgment will be required about sampling intervals, but it is better to over-sample than to miss the leading edge and the peak of the dye cloud.

10. Continue sampling until the dye concentration reaches at least 5% of the peak concentration, and preferably 1% of the peak concentration.

11. Samples should be returned to a location (laboratory or motel room) with a stable temperature and allowed to reach room temperature.  Then all samples from both the upstream and downstream sampling locations should be re-analyzed using a single fluorometer and a single cuvette, and data recorded.  
F. Time-of-Travel Data Analysis

1. Time of travel will be calculated as the difference between the time of dye release and the arrival of the peak of the dye cloud (one dye-station approach), or as the difference between the time of peak of the dye cloud at the downstream station and at the upstream station.  

2. If the dye study reach length is different from the metabolism study reach length, the time of travel for the metabolism study should be adjusted as follows:

Tm = Td(Lm/Ld)

where Tm = time of travel for the metabolism reach; Td = measured time of travel for the dye reach; Lm = the length of the metabolism study reach; and Ld = length of the dye study reach. 

G. Discharge Data Analysis

1. Discharge can be calculated from the following equation:

Q = 140.2 x D / Ac
where Q = discharge in cubic feet per second; D = volume of dye (Rhodamine WT, not dye mixture) injected, in milliliters; and Ac = area under the dye response curve (plot of dye concentration vs. time) in (micrograms per liter) x time (in seconds) .  The area under the dye response curve can be obtained by integrating under the curve using the trapezoidal rule, by plotting the curve on fine-scale graph paper and counting squares, or any other suitable method.
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NEET Metabolism Studies

Time-of-Travel Data

Site:_________________________         USGS Station Number ____________________

Date: _________________________       Time of Dye Release:_____________________ 
Length of metabolism reach:_____        Distance from release point to upstream sampling location:  ______________________
Volume of Dye Injected: ________          Stock sol’n or diluted sol’n used:___________
Sampling location: _____________         Sampled by: ____________________________

Fluorometer No. _______________         Solid-Standard Calibration Reading:________

	Sample No.
	Time
	Conc. (ug/L)
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	Time
	Conc. (ug/L)
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	Time
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