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ABSTRACT

Through a cooperative effort between Idaho Power and the Idaho Department of Water 
Resources, two tracer tests were successfully completed near the Malad Gorge State Park during 
the fall of 2009 and spring of 2010. Dye was released in a domestic well located approximately 
2865 feet south of the Gorge. Springs along the river edge in the Gorge and selected domestic 
wells were monitored for the presence of dye.  Fluorescent dyes were used in a ‘two phased’ 
approach to determine the spatial distribution and the travel time of the dye. Results document 
that groundwater is flowing in a northwest direction from the injection well to the Gorge at an 
average linear flow velocity of 800 feet per day and a maximum flow velocity of 2,455 feet per 
day. Previous tracer tests in this area were completed by Farmer and Blew during 2009 using the 
Malad Gorge State Park picnic area well for dye release.  The information gained and techniques 
developed from the previous tests were applied during these tracer tests.  
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INTRODUCTION
Purpose and Objectives
A groundwater tracer test using fluorescent dyes was implemented near the Malad Gorge State 
Park to track flow paths and define other baseline aquifer characteristics. Long-term goals for 
the tracer studies for the Eastern Snake Plain Aquifer (ESPA) are to provide additional 
information on aquifer flow characteristics of the ESPA starting in the discharge areas. This 
study is an additional step in developing information and technology to support an ongoing tracer 
program on the ESPA and this test supports previous tracer test data in this area.  Tracer studies 
could provide flow data for the application of practices to manage and enhance the aquifer.  
Some of the goals for this test include an attempt to determine the following:

1. What is the hydraulic communication between a well and springs in the gorge?
2. What is the azimuth of the groundwater flow direction?
3. What is the groundwater flow velocity?
4. What is the spatial distribution or dispersion angle of the dye?
5. How fast will the dye flow out of the well?
6. How long does the pump need to be turned off during the test?
7. What will be the residual dye concentration in the well when the pump is turned back on?
8. Will water quality be affected?
9. What is the optimal sampling temporal and spatial frequency?
10. How much dye is needed to obtain a significant and discernable response?
11. What will be the resurgent concentration of dye in the springs?
12. What are any potential biological impacts from the dye?
13. Will the injection method using polyethylene tubing work?
14. Is the level of injection in the well correct at this location?
15. Will the test be a burden or an inconvenience for the well owner?
16. What is the cost of the test?

Geographic Setting
The Malad Gorge State Park is located approximately 90 miles southeast of Boise (Figure 1) and 
starts near where Interstate 84 crosses the upper part of the Gorge in Gooding County at T6S 
R13E, southern section 25 and northern section 36 (Figure 2). The Gorge in this area is about 
225 feet deep with vertical walls of basalt and boulder talus slopes.  Formation of the Gorge is 
attributed to cataract retreat of flood waters from the Bonneville Flood.  No major landslides are 
discernable in this part of the Gorge.  However, a bench about 20 feet higher than the river 
within a section of the talus slope extending from sample sites MG-1 to MG-5 may be the 
remnants of an old landslide. A domestic well located approximately 2865 feet south and east of 
the gorge was used as the site for the injection of dye.  The elevation of the domestic well head is 
3,276 feet determined from 100 post processed readings using a Trimble GeoXT 2005 set on the 
highest precision option and NAD83.  On October 20th, 2009 the depth to water in the well was 
180.12 feet or 3,096 feet elevation.  The river and spring discharge elevations in the gorge range 
from 3,015 to 3,040 feet elevation using the same technique.  
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Figure 1.  General location of the dye tracer test at the Malad Gorge State Park. 

Figure 2.  USGS topographic map of the site showing the dye release well south of the park 
boundary as the blue colored line.

on of the dye tracer test at the Malad Gorge State

Figure 2. USGS topographic map of the site showing the dye release well south of the park
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Hydrogeologic Setting
The Snake River Plain is a major late Cenozoic tectonic/volcanic feature in the northern portion 
of the Basin and Range geologic region (Malde, 1991).  The plain extends across southern Idaho 
for roughly 300 miles in a crescent shape.  It is divided into two main sections identified as the 
western and eastern Snake River Plain.  The western portion is about 40 miles wide, bounded by 
normal faults and has a northwest-southeast trend.  Malde and Powers (1958) recorded at least 
9,000 feet of displacement between the highlands to the north and the elevation of the plain 
today and concluded about 5,000 feet of displacement occurred in the early and middle Pliocene.  
The displacement started about 17 million years ago by rifting and down warping of the plain.  
The subsequent stretching of the crust produced a basin that began filling with sedimentary and 
volcanic rocks during the Miocene, Pliocene and Pleistocene (Malde, 1991). 

The Bonneville Flood sculpted and augmented the Snake River Canyon from erosion and 
deposition approximately 15,000 years ago (Malde, 1991). It is theorized that several gorges 
were cut from the flood event through a process of cataract retreat.  As with Niagra Falls, the 
plug pool erodes a less resistant lower level formation more easily than an overlying formation 
(Leet et al., 1978).  Exposed at the mouth of the Malad Gorge is an in-situ outcrop of Glenns 
Ferry Formation (GFF) at an elevation of 2,934 feet.  The cataract that formed the Gorge eroded
the partially unconsolidated pillow rubble zone and probably the GFF which caused the 
overlying basalt to collapse.  Springs in the canyon emerge from boulders and talus slopes near 
the edge of the Malad River.  The actual outlets of springs are covered and each spring was 
selected based upon observed higher flow rates than adjacent springs, position, access and an 
even distribution of sampling sites.

A simple geologic model described in a previous dye tracer report by Farmer and Blew (2009) is 
used to provide the framework to assist hydrologic and tracer test interpretation.  The well log 
for this test is shown in Appendix A with black cinders-loose noted from 210–230 feet depth.  
This description and elevation is consistent with a pillow basalt and associated brecciated 
material which is interpreted to be the same pillow zone and general geologic environment as 
described in Farmer and Blew (2009).  Pillows and associated brecciated rubble are highly 
permeable and capable of transmitting and discharging large volumes of ground water at high 
velocities.  The brecciated zone of the pillow layer, which maybe up to 45 feet thick and extend 
for up to 2 miles based on nearby well drilling logs, is more homogeneous and isotropic than the 
basalt flows. When considering the overall aquifer at a larger scale of many miles and the full 
thickness of the basalts overlying the GFF, the pillow brecciated zone creates greater 
heterogeneity in the flow system.

All vertical GPS elevation values have an average of +/- 3.5 feet error.  The depth to water in the 
release well #26 was measured at 177.95 feet on March 1, 2010 which equates to an elevation of 
3,098 feet (+/- 3.5 feet).  The river pool elevation at sample site MG-3 is 3,028 feet (+/- 3.5 feet) 
for a difference between the well and river of approximately 70 feet.  This level of accuracy was 
deemed sufficient given the unknown nature of the in-situ level of aquifer discharge covered 
under the talus slope.  Applying the vertical error to 70 feet equals a range of 66.5 to 73.5 feet 
over a distance of 2,865 feet between well #26 and MG-3. The actual elevation of the water 
table at the point of emergence could be many feet above the river pool elevation but using the 
above values would equate to a groundwater hydraulic gradient ranging from 0.023 to 0.026.
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GENERAL PROCEDURE AND METHODS

The following general approach proved efficient for time, supplies, and sampling/analysis costs.  
It also provided a high resolution breakthrough curve on a one hour frequency that is essentially 
impossible if done manually without a SCUFA instrument.  The dye of choice for this study was 
Sodium Fluorescein and Rhodamine WT.  Fluorescein, a green colored fluorescent dye, was first 
synthesized by Adolf von Baeyer in 1871 and it’s the most commonly used dye for groundwater 
tracing studies and second most common for surface water tracing. Sodium Fluorescein (Acid 
Yellow 73 – CAS # 518-47-8) can be detected in a fluorometer at low concentrations of 0.01
parts per billion (ppb) or 10 parts per trillion.  Fluorescein is also known as Drug and Cosmetic 
Yellow 8 which is an ingredient in some consumer products. A two phase approach similar to 
and consistent with previous tests performed at the Malad Gorge State Park picnic area well was 
used at this site due to accessibility issues matched with sampling frequency needs for the 
desired results (Farmer and Blew, 2009).

Phase one used Fluorescein dye to delineate the spatial distribution of the dye cloud as well as 
the location with the greatest amount of dye resurgence. Phase two used Rhodamine WT dye 
with additional charcoal samplers placed to increase the resolution of the spatial distribution 
from the first test. Domenico and Schwartz (1990) describe RWT as one of the ‘ideal’ tracers 
that do not react with other ions or the geologic medium to any appreciable extent thus making it 
a conservative tracer.  Aulenbach et. al. (1978) demonstrated that RWT and tritium tracers 
produced similar break through curves in a delta sand aquifer which further supports the RWT as 
a conservative tracer.   

A submersible fluorometer and datalogger (SCUFA) was deployed during Phase II at the sample 
site where the greatest amount of Fluorescein dye was detected during Phase I.  The SCUFA 
recorded the concentration of dye with time to provide a concentration breakthrough curve which 
was then used to determine the travel time as well as the character of the dye cloud as it passed 
out of the spring.  A ground water velocity was then calculated using the linear distance between 
the dye release well and the sample site/spring.

Phase I Description
Collection of background water samples for Phase I started on Sept 22, 2009 at numerous spring 
locations and wells and continued for 13 days after the injection of the dye.  Pre-test sampling 
was done to insure Fluorescein from previous testing or other source of fluorescent material was 
not present prior to initiation of the test.  Water sample collection consisted of 50 mL grab 
samples, and the analysis was done with a calibrated bench top fluorometer model TD700.
Charcoal packets were placed in selected springs on October 15th prior to the injection of dye 
which occurred on October 20th.  The packets were left in place until they were retrieved on 
November 4th for a total of 20 days and 15 days after dye was released.

Figure 3 shows the location of the sample sites as green circles noted as MG-1, 3, 5, 7, 9, 11, 
then MG-12 through 23, and 4 wells which include the Park picnic area well #24, well #25, the 
dye release well #26 and well #27.  The charcoal packets were placed at locations with high 
spring or groundwater discharge flowing into the river.  Ground water discharge was observed at 
other locations but at lower rates.  Nine grams of coconut shell activated carbon (#10 mesh size) 
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were placed inside each packet made from fiberglass screen which is similar to Ozark
Underground Laboratory’s method noted on page 1 (Aley, 2003).  Charcoal packets serve as 
‘sentries’ that are constantly immersed in water and will absorb dye as it passes through the 
packet during the test period.  This means the information gained from the charcoal packets is 
integrative over the test period.

On October 20th, 2009 charcoal packets were deployed at nearby wells inside toilet tanks and 50 
mL water samples collected from both the wells and springs in the Gorge.  Then at 12:30 pm, 
three pounds of Fluorescein dye mixed with 6 gallons of potable water was released into well
#26 through polyethylene tubing down to 205 feet below top of the casing (T.O.C.).  The pump 
was turned off for two days and the water level in the well was 178.13 feet below T.O.C.  On 
October 22nd, the pump was turned back on and two water samples collected. One was field 
inspected for presence of dye and later analyzed in the lab which was negative.  The other water 
sample was immediately delivered to a local private lab to test for Coliform bacteria. No 
Coliform was detected in the water sample.

Calibration solutions were mixed according to the standard procedure detailed in the 1986 USGS 
document titled ‘Fluorometric Procedures for Dye Tracing’ by Wilson et al. A Turner Designs 
model TD700 lab fluorometer was configured for both Rhodamine WT and Fluorescein dyes 
with a detection limit of 0.01 ppb.  The concentration of standards used for Phase I were 0.1, 1.0, 
5, 50, 100 and deionized water as a blank.  The instrument is operated and maintained in 
accordance with the manufacturers’ manual.  The calibration solutions, water samples and eluted 
charcoal samples were allowed to equilibrate to room temperature by at least 4 hours before use.  

Both water samples and charcoal packet eluted solutions were analyzed with the TD700.  The 
fluorometer was set on ‘direct concentration mode’ which uses an averaging process before the 
final value is displayed.  Elution of dye from the charcoal samplers was done in accordance with 
the SOP outlined on page 7 from the document titled ‘Procedures and Criteria Analysis of 
Fluorescein and Rhodamine WT Dyes in Water and Charcoal Samplers’ (Aley, 2003).  Fifty mL 
of the solution is poured over the charcoal in a glass container and capped for several days 
(Figure 4).  The solution was then poured through a particulate filter into a 50 mL culture tube 
and inserted into the fluorometer.  The same culture tube is used for each test and rinsed 3 times 
with deionized water.  A control of charcoal soaked in deionized water was tested with a result of 
0.05 ppb.

The pre-test and post-test sample results are shown in Figure 5.  MG-3 and MG-5 received the 
largest amount of dye during the Fluorescein test.  Slightly elevated levels were observed at MG-
1.5 and MG-7 but it is unclear if these are responses to the dye or changes in background 
fluorescence. The natural background fluorescence or ‘noise’ for most of the sample sites 
ranged from 15 to 25 ppb with no discernable dye detection in any of the wells or other spring 
sites. Figure 6 shows the water sample results.  Only sites MG-3 and 5 have a positive detection 
of dye which is consistent with the high concentrations from the charcoal sample results.  The 
natural background fluorescence ‘noise’ in the water samples ranged from 0 to about 0.07 ppb.
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Figure 3. Tracer test sample sites with green circles and path of dye as the green triangle.  Dye 
was detected at sites MG-3, 5, and 7 with MG-3 having the highest concentration from charcoal 
samplers.  The previous dye trace location is noted as the red triangle.  

Figure 4.  Charcoal soaking in eluting solution visually showing Fluorescein in MG-3 and lesser 
amount in MG-5.
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Figure 5.  Data from charcoal packet analysis for Fluorescein on two scales.  Dye was only 
detected at sites MG-3 and 5 with maybe a small amount at MG-7.

Figure 6.  Results for water sample analysis before, during and after the test.  Dye was only 
detected at sites MG-3 and 5.
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Phase II Description

The preferred hydraulic flow path was determined from data collected during Phase I. Then in 
Phase II, 2 pounds of Rhodamine WT (RWT) active ingredient was mixed with 4 gallons of 
water and released on March 1st, 2010 at 2:00 pm.  The Rhodamine WT dye was released using
the same methods as in Phase I and injected at 203 feet below T.O.C. The depth to water in the 
well was measured at 177.95 feet below T.O.C.  The well was not pumped for 24 hours after 
which water samples were collected from the well for analysis of dye and bacteria. After water 
samples were collected, the well was disinfected as part of an established safety protocol. 

During Phase II, charcoal samplers were placed at sites MG-1, 1.5, 2, 2.5, 3, 4 and 5 (Figure 3).  
Sample sites MG-2 and 4 were not included in Phase I, so during Phase II charcoal packets were 
deployed at these sites and the additional sites MG-1.5 and 2.5.  The additional sampling sites 
were added to increase the spatial resolution of dye detection in this area and refine the cone of 
dispersion. On March 12, 2010 the charcoal samplers were retrieved, chilled, and taken to the 
lab for analysis.

Processing the charcoal samplers for RWT used the same lab methods as described in the 
previous section (Phase I).  The Fluorometer was ‘blanked’ with deionized water and standards 
of 1 and 100 ppb.  Deionized water was poured through a particulate filter into a 50 mL culture 
vial and analyzed with a result of 0.0 ppb fluorescence.  A fresh unused sample of charcoal from 
the same container used for the field samples was soaked in DI water and filtered and tested 
resulting in a fluorescence of -0.1 ppb. The negative value is due to fine particles of charcoal 
absorbing or blocking the light.  

A Turner Designs “Self Contained Underwater Fluorescent Apparatus” or SCUFA was deployed 
at sample site MG-3 and calibrated using deionized water and 1.0 ppb RWT standard solution. 
Prior to deployment, the SCUFA was programmed to record direct water concentration of RWT 
every hour.  The SCUFA has automatic temperature compensation and it also measures turbidity,
which was zero throughout the test even though two storm systems with precipitation passed 
through this area.  The unit was inserted into 3-inch diameter black plastic pipe with holes drilled 
at an angle to allow water to flow through but block sunlight.  It was secured in a shady area of 
high spring flow at MG-3 about 3 feet in elevation above the pool level of the river.  

Figure 9 shows single peak response breakthrough curve for the RWT with a maximum 
concentration of about 1.8 ppb. A few spikes occurred in the data but they are insignificant and 
the trend is clearly defined.  Turbidity was not a factor in this test based on the zero levels.  The 
curve exhibits a classic shape with a steeper rising limb and a more gradual recession limb.  
Also, the slope of the recession limb and character of the tail suggest that longitudinal dispersion 
and sorption were low and the slug was well constrained.  

The time of passage for the dye cloud was approximately one week with the initial breakthrough 
occurring 28 hours after dye release.  The center of mass, based on the mean concentration, 
occurred 3.6 days or 86 hours after release which provided a time of travel for the average linear 
velocity of 800 feet per day.  This value is similar to the previous Park well test of 880 feet per 
day.  The charcoal packet RWT concentration at MG-3 was 388 ppb with a peak water 
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concentration recorded by the SCUFA measured 1.8 ppb.  The distance between sites MG-2 and 
MG-5 is 500 feet and the distance between MG-1.5 and MG-7 is 700 feet.  The distance between 
the well and site MG-3 is 2,865 feet which equates a mechanical dispersivity ratio of 4.0 to 5.7.  

Figure 7.  Charcoal soaking in eluting solution visually showing Rhodamine WT in MG-2, 2.5 
and 3.  Jar order from left to right correlate to the site numbers in Figure 6 below from MG-1
through MG-5.

Figure 8.  Concentrations of Rhodamine WT from charcoal packet samplers which is shown in 
the previous Figure 6.
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Figure 9.  Concentration breakthrough curve for RWT showing a single peak response with a 
‘sharp’ interface of the rising and recession limbs at site MG-3.

Aquifer hydraulic conductivity can be estimated using tracer data with the caveat that 
approximately 9% of the linear distance is talus slope.  The effective porosity is estimated from 
professional judgment and assumed to be nearly the same as porosity obtained from published 
literature.  

Using the equation K = Pe*Vave ÷ I where:
“Pe” is effective porosity estimated from field observation and from published literature 
(Dominico and Schwartz, 1990) (Fetter, 1988) (Kruseman and Ridder, 1991) at 15% and 
then 30%.
“Vave” is average linear velocity based on the center of mass from the dye cloud at 800 
feet per day.
“I” is the hydraulic gradient from dh/dl = 0.0245.

Therefore:
• If Pe is 15% then K is approximately 4,900 feet per day.

or,
• If Pe is 30% then K is approximately 9,800 feet per day.

If the actual elevation of the aquifer emergence is 20 feet higher in elevation or 3,048 feet, then 
the gradient (I) would be approximately 0.018. This estimate is based on the bench feature and 
talus above the river/springs but also on vegetation growth at the level of the bench, water 
flowing across the bench and the wall behind the bench.  Using the same equation, porosity and 
average linear velocity the following values would be:
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• If Pe is 15% and gradient is 0.018 then K is approximately 6,700 feet per day.
or,

• If Pe is 30% and gradient is 0.018 then K is approximately 13,300 feet per day.

Results and Discussion
Results from the charcoal packet analysis from Phase I indicated that site MG-3 spring had the 
highest resurgent amount of dye with an eluted concentration of 8,160 ppb.  This data suggests 
that MG-3 spring has the best hydraulic communication with the well used for dye injection.  
The combined charcoal results from both Phase I and II indicate the transverse dispersion of the 
dye was constrained between MG-2 through MG-5 with possibly small amounts in sites MG-1.5
and 7.  The angle of dispersion measured from the well between MG-2 and 5 is approximately 
10-12 degrees.  The main flow path is based on the azimuth between the well and MG-3 which is 
330 degrees.  It is interpreted that the dye was transported through a brecciated pillow zone.  

The results from Phase I allowed for targeting the placement of the SCUFA in Phase II.  The 
results from Phase II were consistent with Phase I data and provided greater refinement of 
dispersion, travel time, dye break through characteristics, center of mass response, what amount 
of dye injected results in concentrations at the spring, how fast the dye moves out of the well, 
and provided quantitative data to calculate aquifer parameters.  The first arrival of RWT dye at 
MG-3 spring was 28 hours post injection and the center of mass of the dye cloud was determined 
to be 86 hours.  Using the recorded travel times of the dye cloud, the average linear water 
velocity was 800 feet per day. It appears that most of the dye had passed out of site MG-3 by 
one week.  

This data will be used to develop additional studies utilizing wells that are farther from the 
Gorge.  It also provides data on water movement within the ESPA and can potentially be used to 
help refine ground water models. The studies also provide legitimacy to the use of fluorescent 
tracers for studying ground water on the ESPA.  The knowledge gained here is also being 
exported to other sites on the ESPA where additional tracer studies are currently being planned.  
A long-term strategy to utilize tracer studies is being implemented to help guide and direct 
efforts that can improve aquifer levels and increase spring discharge.  Knowledge gained not 
only from the results of these studies but also the techniques developed can lead to a better 
understanding of water movement through the aquifer. Tracer studies could help target 
management practices to impact individual springs or spring complexes or avoid targeting 
individual springs. There is no doubt that dye tracer response may change in response to 
seasonal head changes in the aquifer and those head changes can also impact spring discharge.
However, tracer studies may currently provide the best tool for placement of practices to target 
individual springs or spring complexes. Tracers may also help in refining water quality 
monitoring sites for aquifer recharge projects to ensure the protection of ground water resources.
They may also aid in determining sources of contamination at some spring complexes.



By D. Blew and N. Farmer Page 15 of 36

ACKNOWLEDGEMENTS
This project is supported with financial assistance and personnel from Idaho Power and the Idaho 
Department of Water Resources. The data from this test will provided a solid foundation to 
gauge decisions for larger scale tests with invaluable support from the following.  Thank you.  

Idaho Department of Water Resource staff who assisted with the project include Hal Anderson, 
Brian Patton, Rick Raymondi, Sean Vincent, Dennis Owsley, Craig Tesch, Mike McVay, Allan 
Wylie and Taylor Dixon.  Tom Aley with Ozark Underground Laboratories (OUL) provided 
volunteer support for project planning with guidance and recommendations for implementation.  
Staff with the Idaho Parks and Recreation and home/well owners were especially 
accommodating. The Idaho Department of Parks and Recreation were helpful and 
accommodating providing staff assistance and access to the Park well.  Also, imperative to the 
project was the significant support from Larry Martin with the Water Resource Division of the 
U.S. National Park Service for the generous loan of over $10,000 worth of instruments, without 
which this project may not have occurred.  The Idaho State Health Lab provided technical 
assistance from Beth Orde (Principal Chemist) to mix calibration standards and Jim McKean 
(Research Geomorphologist) with the U.S. Forest Service provided access to lab space to mix 
solutions and process samples.  



By D. Blew and N. Farmer Page 16 of 36

REFERENCES AND SOURCES OF INFORMATION

1. Aley, T., 2002, Groundwater tracing handbook, Ozark Underground Labs, 44 p.

2. Aley, T. 2003, Procedures and criteria analysis of Fluorescein, eosine, Rhodamine wt, 
sulforhodamine b, and pyranine dyes in water and charcoal samplers, Ozark Underground 
Labs, 21 p.

3. Anderson, M. P. and Woessner, W. W., 1992, Applied groundwater modeling, Academic 
Press, San Diego.

4. Aulenbach, D.B., Bull, J.H., and Middlesworth, B.C., 1978, Use of tracers to confirm 
ground-water flow:  Ground Water, Vol. 16, No. 3, 149-157 p.

5. Axelsson, G., Bjornsson, G., and Montalvo, F., 2005, Quantitative interpretation of tracer test 
data, Proceedings World Geothermal Congress, 24-29 p.

6. Bowler, P.A., Watson, C.M., Yearsley, J.R., Cirone, P.A., 1992, Assessment of ecosystem 
quality and its impact on resource allocation in the middle Snake River sub- basin; (CMW, 
JRY, PAC - U.S. Environmental Protection Agency, Region 10; PAB - Department of 
Ecology and Evolutionary Biology, University of California, Irvine), Desert Fishes Council 
(http://www.desertfishes.org/proceed/1992/24abs55.html).

7. Dallas, K., 2005, Hydrologic study of the Deer Gulch basalt in Hagerman fossil beds national 
monument, Idaho, thesis, 96 p.

8. Davis, S., Campbell, D.J., Bentley, H.W., Flynn T.J., Ground water tracers, 1985, 200 p.

9. Domenico P.A. and Schwartz F.W., 1990, Physical and chemical hydrogeology, John wiley 
& sons, 824 p.

10. Fetter, C.W., 1988, Applied hydrogeology, second edition, Macmillan publishing company, 
592 p.

11. Field, M.S., Wilhelm R.G., Quinlan J.F. and Aley T.J., 1995, An assessment of the potential 
adverse properties of fluorescent tracer dyes used for groundwater tracing, Environmental 
Monitoring and Assessment, vol. 38, 75-96 p.

12. Gaikowski, M.P., Larson, W.J., Steuer, J.J., Gingerich, W.H., 2003, Validation of two 
dilution models to predict chloramine-T concentrations in aquaculture facility effluent, 
Aquacultural Engineering 30, 2004, 127-140 p.

13. Galloway, J.M., 2004, Hydrogeologic characteristics of four public drinking water supply 
springs in northern Arkansas, U.S. Geological Survey Water-Resources Investigations Report 
03-4307, 68 p.



By D. Blew and N. Farmer Page 17 of 36

14. Gillerman, V.S., J.D. Kauffman and K.L. Othberg, 2005, Geologic Map of the Thousand 
Springs Quadrangle, Gooding and Twin Falls Counties, Idaho: Idaho Geological Survey 
digital web map 49.

15. Harvey, K.C., 2005, Beartrack mine mixing zone dye tracer study outfall 001, Napias creek 
Lemhi county, Idaho, Private Consulting Report by KC Harvey, LLC., 59 p.

16. Kilpatrick, F.A. and Cobb, E.D., 1985, Measurement of discharge using tracers, U.S. 
Geological Survey Techniques of Water-Resources Investigations Report, book 3, chapter 
A16.

17. Kruseman G.P. and Ritter N.A., 1991, Analysis and evaluation of pumping test data, second 
edition, International institute for land reclamation and improvement, 377 p.

18. Leet, D., Judson, S. and Kauffman, M., 1978, Physical Geology, 5th edition, ISBN 0-13-
669739-9, 490 p.

19. Leibundgut, C. and H. R. Wernli. 1986. Naphthionate--another fluorescent dye. Proc. 5th 
Intern’l. Symp. on Water Tracing. Inst. of Geol. & Mineral Exploration, Athens, 167-176 p.

20. Malde, H.E., 1991, Quaternary geology and structural history of the Snake River Plain, Idaho 
and Oregon in Morrison, R.B., ed., Quaternary nonglacial geology; conterminous U.S.:  
Boulder, CO, Geological Society of America, The Geology of North America, v. K-2.

21. Malde, H.E., and Powers, H. A., 1958, Flood-plain origin of the Hagerman Lake Beds, Snake 
River Plain, Idaho (abs.):  Geological Society of America Bulletin, v. 69, 1608 p.

22. Marking, L., Leif, 1969, Toxicity of Rhodamine b and Fluorescein sodium to fish and their 
compatibility with antimycin A, The Progressive Fish Culturist, vol. 31, July 1969, no. 3. 
139-142 p.

23. Mull, D.S., Liebermann, T.D., Smoot, J.L., Woosley, L.H. Jr., (U.S. Geological Survey) 
Application of dye-tracing techniques for determining solute-transport characteristics of 
ground water in karst terrranes; U.S. EPA904/6-88-001, 1988, 103 p.

24. Noga, E.J., and Udomkusonsri, P., 2002, Fluorescein: a rapid, sensitive, non-lethal method 
for detecting skin ulceration in fish, Vet Pathol 39:726–731 p.

25. Olsen, L.D. and Tenbus F.J., 2005, Design and analysis of a natural-gradient groundwater 
tracer test in a freshwater tidal wetland, west branch canal creek, Aberdeen proving ground, 
Maryland, U.S. Geological Survey Scientific Investigation Report 2004-5190, 116 p.

26. Parker, G.G., 1973, Tests of Rhodamine WT dye for toxicity to oysters and fish, Journal of 
Research U.S. Geological Survey, Vol. 1, No. 4, July-Aug., 499 p.



By D. Blew and N. Farmer Page 18 of 36

27. Putnam, L.D. and Long A.J., 2007, Characterization of ground-water flow and water quality 
for the Madison and minnelusa aquifers in northern Lawarence county, South Dakota, U.S. 
Geological Survey Scientific Investigation Report 2007-5001, 73 p.

28. Quinlan, J.F. and Koglin, E.N. (EPA), 1989, Ground-water monitoring in karst terrranes: 
recommended protocols and implicit assumptions, U.S. Environmental Protection Agency, 
EPA 600/x-89/050, IAG No. DW 14932604-01-0, 79 p.

29. Smart, C. and Simpson B.E., 2002, Detection of fluorescent compounds in the environment 
using granular activated charcoal detectors, Environmental Geology, vol. 42, 538-545 p.

30. Smart, P.L., 1984, A review of the toxicity of twelve fluorescent dyes used for water tracing, 
National Speleological Society publication, vol. 46, no. 2: 21-33.

31. Smart, P.L., 1984, A review of the toxicity of twelve fluorescent dyes used for water tracing, 
National Speleological Society publication, vol. 46, no. 2: 21-33.

32. Spangler, L.E., and Susong, D.D., 2006, Use of dye tracing to determine ground-water 
movement to Mammoth Crystal springs, Sylvan pass area, Yellowstone national park, 
Wyoming, U.S. Geological Survey Scientific Investigations Report 2006-5126, 19 p.

33. Taylor, C.J., and Greene E.A., Hydrogeologic characterization and methods used in the 
investigation of karst hydrology, U.S. Geological Survey field techniques for estimating 
water fluxes between surface water and ground water, chapter 3, Techniques and Methods 4-
D2, 71-114 p.

34. Turner Designs, Inc., A practical guide to flow measurement, www.turnerdesigns.com.

35. U.S. Bureau of Reclamation Water Measurement Manual, 2001, 
http://www.usbr.gov/pmts/hydraulics_lab/pubs/wmm/

36. Walthall, W.K., and Stark J.D., 1999, The acute and chronic toxicity of two xanthene dyes, 
Fluorescein sodium salt and phloxine B, to Daphnia pulex, Environmental Pollution volume 
104, 207-215 p.

37. Wilson, J.F., Cobb, E.D., and Kilpatrick F.A., 1986, Fluorometric procedures for dye tracing, 
U.S. Geological Survey Techniques of Water-Resources Investigations of the United States 
Geological Survey, Applications of Hydraulics, book 3, chapter A12, 43 p.



By D. Blew and N. Farmer Page 19 of 36

APPENDIX A – Well Drillers Report for Dye Release Well
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APPENDIX B – Miscellaneous Information

The NSS Bulletin - ISSN 1090-6924
Volume 46 Number 2: 21-33 - October 1984
A publication of the National Speleological Society

A Review of the Toxicity of Twelve Fluorescent Dyes Used for Water Tracing
P.L. Smart

Abstract

Toxicological information is reviewed for twelve fluorescent dyes used in water tracing, Fluorescent 
Brightener 28, Tinopal CBS-X, Amino G Acid, Diphenyl Brilliant Flavine 7GFF, Pyranine, Lissamine 
Yellow FF, Fluorescein, Eosine, Rhodamine WT, Rhodamine B, Sulphorhodamine B and 
Sulphorhodamine G. Mammalian tests indicate a low level of both acute and chronic toxicity. However, 
only three tracers could be demonstrated not to provide a carcinogenic or mutagenic hazard. These 
were Tinopal CBS-X, Fluorescein and Rhodamine WT.  Rhodamine B is a known carcinogen and should 
not be used. In aquatic ecosystems, larval stages of shellfish and algae were the most sensitive.  
Persistent dye concentrations in tracer studies should not cause problems provided they are below 100 
μg/l.

http://www.caves.org/pub/journal/PDF/V46/v46n2-Smart.htm



By D. Blew and N. Farmer Page 21 of 36



By D. Blew and N. Farmer Page 22 of 36



By D. Blew and N. Farmer Page 23 of 36



By D. Blew and N. Farmer Page 24 of 36



By D. Blew and N. Farmer Page 25 of 36



By D. Blew and N. Farmer Page 26 of 36



By D. Blew and N. Farmer Page 27 of 36



By D. Blew and N. Farmer Page 28 of 36



By D. Blew and N. Farmer Page 29 of 36

Rhodamine WT Reader
Readings on the Reactivity and Transport Characteristics of This Tracer

REGULATORY STANDARDS

• The standards established by the Environmental Protection Agency in the Federal Register (Vol. 63, No. 
40) state the maximum Rhodamine WT concentrations to be 10 micrograms per liter for water entering a 
drinking water plant (prior to treatment and distribution) and 0.1 micrograms per liter in drinking water.  

The US Geological Survey provides the regulatory standard references for information purposes ONLY.  
This information was obtained in August of 2004.  

BACKGROUND FOR ANY APPLICATION

Characterization of fluorescence background in dye tracing. CC Smart, KC Karunaratne, Environmental 
Geology, 42: 492, 2002. DOI: 10.1007/s00254-001-0510-y

Transient storage assessments of dye-tracer injections in rivers of the Willamette Basin, Oregon. A Laenen, 
KE Bencala, Journal of the American Water Resources Association, 37(2): 367-377, 2001.

Fluorometric procedures for dye tracing. JF Wilson, ED Cobb, FA Kilpatrick, USGS TWRI, Bk3 ChapA12, 
Revised 1986.

A review of the toxicity of twelve fluorescent dyes used for water tracing. PL Smart, The National 
Speleological Society Bulletin, 46: 21, 1984.

An evaluation of some fluorescent dyes for water tracing. PL Smart, IMS Laidlaw, Water Resources 
Research, 13(1): 15, 1976.

REACTIVITY & TRANSPORT IN FIELD CONDITIONS

An evaluation of two tracers in surface-flow wetlands: rhodamine-WT and lithium.  FE Dierberg, TA DeBusk, 
Wetlands, 25(1): 8-25, 2005.

Use of rhodamine water tracer in the marshland upwelling system.  SD Richardson, CS Wilson, and KA 
Rusch, Ground Water, 42(5): 678-688, 2004.

A continuous dye injection system for estimating discharge in snow-choked streams. M Russell, P Marsh, 
and C Onclin, Arctic, Antarctic, and Alpine Research, 36(4): 539-554, 2004

Conservative and reactive solute transport in constructed wetlands. SH Keefe, LB Barber, RL Runkel, JN 
Ryan, DM McKnight, and RD Wass, Water Resources Research, 40: W01201. 2004, 
doi:10.1029/2003WR002121.

Comparison of rhodamine WT and bromide in the determination of hydraulic characteristics of constructed 
wetlands.  AY-C Lin, J-F Debroux, JA Cunningham, and M Reinhard, Ecological Engineering, 20: 75-
88, 2003, doi:10.1016/S0925-8574(03)00005-3.

Comparing transient storage modeling and residence time distribution (RTD) analysis in geomorphically 
varied reaches in the Lookout Creek basin, Oregon, USA. MN Gooseff, SM Wondzell, R Haggerty, 
and J Anderson, Advances in Water Resources, 26(9): 925-937, 2003. 

Evaluation of tracer tests completed in 1999 and 2000 on the Upper Santa Clara River, Los Angeles and 
Ventura Counties, California. MH Cox, GO Mendez, CR Kratzer, EG Reichard, US Geological Survey 
Water-Resources Investigations Report, 03-4277, 2003, http://pubs.usgs.gov/wri/wrir034277/.

Description of flow through a natural wetland using dye tracer tests. DA Stern, R Khanbilvardi, JC Alair, W 
Richardson, Ecological Engineering, 18(2): 173, 2001. 

Limitations and potential of commercially available rhodamine WT as a groundwater tracer. DJ Sutton, ZJ 
Kabala, A Francisco, D Vasudevan, Water Resources Research, 37(6): 1641, 2001.

The use of photolytic rhodamine WT and sulpho G as conservative tracers of dispersion in surface waters. 
RC Upstill-Goddard, JM Suijlen, G Malin, PD Nightingale, Limnology and Oceanography, 46(4): 927, 

2001.
Tracer-grade rhodamine WT: structure of constituent isomers and their sorption behavior. D Vasudevan, RL 

Fimmen, AB Francisco, Environmental Science and Technology, 35(20): 4089, 2001.
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Tracer-grade rhodamine WT: structure of constituent isomers and their sorption behavior. D Vasudevan, RL 
Fimmen, AB Francisco, Environmental Science and Technology, 35(20): 4089, 2001.

Sorption and intraparticle diffusion of fluorescent dyes with consolidated aquifer media. DA Sabatini, Ground 
Water, 38: 651, 2000.

Numerical model of a tracer test on the Santa Clara River, Ventura County, California. T Nishikawa, KS 
Paybins, JA Izbicki, EG Reichard, Journal of the American Water Resources Association, 35(1): 133-
141.

Fluorescent dye and media properties affecting sorption and tracer selection. T Kasnavia, D Vu, DA 
Sabatini, Ground Water, 37(3): 376, 1999.

Dye adsorption in a loam soil as influenced by potassium bromide. SE Allaire-Leung, SC Gupta, JF 
Moncrief,  J Environmental Quality, 28: 1831, 1999.

Evaluation of rhodamine WT as an adsorbed tracer in an agricultural soil. CJ Everts, RS Kanwar, Journal of 
Hydrology, 153: 53, 1994.

Cosolvency effects on sorption of a semipolar, ionogenic compound (Rhodamine WT) with subsurface 
materials. TS Soerens, DA Sabatini, Environmental Science and Technology, 28: 1010, 1994.

Potentials of photolytic rhodamine WT as a large-scale water tracer assessed in a long-term experiment in 
the Loosdrecht lakes. JM Suijlen, J J Buyse, Limnology and Oceanography, 39(6):141, 1994. 

Influence of rhodamine WT properties on sorption and transport in subsurface media. BJ Shiau, DA 
Sabatini, JH Harwell, Ground Water, 31: 913, 1993.

Characteristics of rhodamine WT and Fluorescein as adsorbing ground-water tracers. DA Sabatini, TA 
Austin, Ground Water, 29: 341, 1991.

Submersed plants and algae as factors in the loss of rhodamine WT dye. EG Turner, MD Netherland, KD 
Getsinger, J Aquat Plant Manage, 29: 113, 1991.

Fluorescent dyes: a search for new tracers for hydrology. ML Viriot, JC Andre, Analusis, 17: 97, 1989.
Tracing ground-water movement in abandoned coal mined aquifers using fluorescent dyes. PJ Aldous, PL 

Smart, Ground Water, 26: 172, 1988.
Photolysis of rhodamine-WT dye. DY Tai, RE Rathbun, Chemosphere, 17(3): 559, 1988.
Practical aspects of tracer experiments in acidic, metal enriched streams. GW Zellweger, KE Bencala, DM 

McKnight, RM Hirsch, BA Kimball, In USGS OFR 87-764, 125, 1988.
Soil water dye tracing, with special reference to the use of rhodamine WT, lissamine FF and amino G acid. 

ST Trudgill, Hydrological Processes, 1: 149, 1987.
The stability of rhodamine WT dye in trial studies of solute transport in an acidic and metal-rich stream. KE 

Bencala, DM McKnight, GW Zellweger, J Goad, In USGS WSP 2310, 87, 1986.
Rhodamine WT dye losses in a mountain stream environment. KE Bencala, RE Rathbun, AP Jackman, VC 

Kennedy, GW Zellweger, and RJ Avanzino, Water Resources Bulletin, 19(6): 943, 1983.
Use of tracers to confirm ground-water flow. DB Aulenbach, JH Bull, BC Middlesworth, Ground Water, 16:

149, 1978.

SAMPLING AND ANALYSIS

Detection of fluorescent compounds in the environment using granular activated charcoal detectors. C 
Smart, B Simpson. Environmental Geology, 42: 538, 2002. DOI: 10.1007/s00254-001-0517-4

Capillary electrophoresis/laser-induced fluorescence in groundwater migration determination. WC Brumley, 
ClL Gerlach, American Laboratory, January, 1999. http://www.iscpubs.com/articles/entireal.html.

Analysis of fluorescent water tracers using on-line pre-concentration in Micro HPLC. REJ Van Soest, JP 
Chervet, M Ursem, JM Suijlen, LC-GC International, 9(9): 586, 1996.

A HPLC-based detection method for fluorescent sea water tracers using on-line solid phase extraction. JM 
Suijlen, W Staal, PM Houpt, A. Draaier, Continental Shelf Research, 14(13/14): 1523, 1994.

Identification and separation of water tracing dyes using pH response characteristics.  R.G. Lyons, Journal 
of Hydrology, 152: 13-29, 1993.
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Determination of rhodamine WT in surface water by solid-phase extraction and HPLC with fluorescence 
detection. JW Hofstratt, M Steendijk, G Vriezekolk, W Schreurs, GJAA Broer, N Wijnstok, Water 
Research, 25: 883, 1991.

Analytical problems arising from the use of bromide and rhodamine WT as co-tracers in streams. DR Jones, 
RF Jung, Water Research, 24: 125, 1990.

A procedure for enriching and cleaning up rhodamine B and rhodamine WT in natural waters, using a Sep-
pak C18 cartridge. RWPM Lane, MW Manuels, W Staal, Water Research, 18: 163, 1984.

AQUATIC EFFECTS

Toxicological and ecotoxicological assessment of water tracers. H Behrens, U Beims, H Dieter, G Dietze, T 
Eikmann, T Grummt, H Hanisch, H Henseling, W Käß, H Kerndorff, C Leibundgut, U Müller-Wegener, 
I Rönnefahrt, B Scharenberg, R Schleyer, W Schloz, and F Tilkes, Hydrogeology Journal, 9:321-325, 
2001

An assessment of the potential adverse properties of fluorescent tracer dyes used for groundwater tracing. 
MS Field, RG Wilhelm, JF Quinlan, TJ Aley, Environmental Monitoring and Assessment, 38: 75, 1995.

Effects of rhodamine water tracer on Escherichia Coli densities. M Jensen, KK Kristennsen, Water 
Research, 23: 257, 1989.

NITROSAMINE FORMATION

Potential for nitrosamine formation in seven fishery chemicals. SL Abidi, VK Dawson, RC Huber, The 
Progressive Fish-Culturist, 48: 301, 1986.

Investigation of the possible formation of diethylnitrosamine resulting from the use of rhodamine WT dye as 
a tracer in river waters. TR Steinheimer, SM Johnson, USGS WSP 2290, 37, 1986.

Detection of diethylnitrosamine in nitrate-rich water following treatment with rhodamine flow tracers. SL 
Abidi, Water Research, 16: 199, 1982.

COMMERCIAL PRODUCT INFORMATION

The US Geological Survey does NOT endorse or recommend commercial products.
The following is provided ONLY for identification and information purposes.

Rhodamine WT
Sensient Corporation

http://www.sensient-tech.com/solutions/industrial_colors.htm
800- 558-9892

Keystone Corporation
http://www.dyes.com/
800-522-4dye  

Fluorometers
Seapoint Sensors, Inc

http://www.seapoint.com/srf.htm
603-642-4921

Turner Designs
http://turnerdesigns.com
877-316-8049

Opti-Sciences
http://www.optisci.com/ps.htm
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603-883-4400
YSI Inc.

Model 6130 Rhodamine WT Sensor
http://216.68.81.171/852568CB0010F86A/web+by+document+type/CF82E634926142FB85256AF8005E9FCF?Open
800-897-4151

International Chemical Safety Cards 
http://www.itcilo.it/english/actrav/telearn/osh/ic/37299898.htm
http://www.inchem.org/documents/icsc/icsc/eics0325.htm

Compilation by Ken Bencala and Marisa Cox, September 23, 2005
http://water.usgs.gov/nrp/proj.bib/bencala.html

kbencala@usgs.gov
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APPENDIX C – GPS Coordinates of Sample Sites in IDTM NAD83
(collected using a Trimble GeoXT 2005 set at maximum precision)  

Site X (meters) Y (meters)
mg 1 2429484 1296373
mg 1.5 2429519 1296376
mg 2 2429548 1296389
mg 2.5 2429582 1296406
mg 3 2429614 1296423
mg 4 2429668 1296444
mg 5 2429687 1296455
mg 7 2429714 1296477
mg 9 2429755 1296504
mg 11 2429822 1296560
mg 12 2429405 1296383
mg 13 2429380 1296384
mg 14 2429328 1296391
mg 15 2429227 1296411
mg 16 2429158 1296401
mg 17 2429067 1296403
mg 18 2428995 1296436
mg 19 2428989 1296445
mg 20 2428850 1296535
mg 21 culvert 2428667 1296436
mg 22 below parking area 2428489 1296375
mg 23 2428431 1296316
Park picnic area well #24 2429972 1296268
Well #25 2429314 1295699
Well #26 2430064 1295676
Well #27 2430509 1295605


