
Proposal to Implement a Dye Tracer Test near Malad Gorge Springs 
(Roy Hopper well) 

By Neal Farmer IDWR 
 
Background and Objective: 
 
In 2009, previous groundwater tracer tests have been performed at the Malad Gorge State Park 
picnic area well and a domestic well 2,850 feet to the southeast to trace groundwater flow paths 
and determine other aquifer characteristics.  This test is an extension of the previous tests and 
builds upon the knowledge gained to refine methods and expand the scale to a one mile distance 
from the Gorge.  The owner has been contacted, informed of the details of the test and is 
agreeable to allowing two dye traces be performed using his well.  ‘Phase One’ will use 
Fluorescein dye and charcoal packets placed at monitoring locations while ‘Phase Two’ will 
use Fluorescein and a Turner Designs C3 instrument to record dye concentrations in the spring 
with the highest dye discharge determined from Phase One. 
   
The type of tracer selected for a tracer test is dependent on many factors.  One such factor 
includes the purpose of the study.  For example, if information such as the velocity of the 
ground water, porosity, and the dispersion coefficient are of interest, then a conservative tracer 
should be used such as dyes in conduit, highly porous hard rock formations.  Other factors 
include type of medium (clay verses basalt), available funds, the stability of the tracer, 
detectability of tracer, ease of sampling and analysis, physical/chemical/biological properties of 
tracer and public health considerations (Davis et. al., 1985).   
 
Various components go into the design of a tracer test.  For the previous tracer test, the 
following elements were considered and evaluated: the conceptual design, down gradient 
receptors such as humans, aquaculture industry and endangered species, transient hydrologic 
barriers such as canal recharge, selection of initial mass of tracer or its concentration, 
observation wells, sampling schedule and locations, and monitoring.  Safety of Fluorescein is 
documented from scientific studies during the past 50 years.  The dye is EPA approved to be 
used in public drinking water supplies and defines it as non-toxic (see reference sources).  The 
dyes also conform to the ANSI/NSF Standard 60 for potable water as set forth by the EPA in 
the Clean Water Act.  The FDA has also approved the use of Fluorescein in ‘over the counter’ 
consumer products.  The dye is sterile, biodegradable and photodegradable with decomposition 
products of carbon dioxide, water and an infinitesimal about of sodium. 
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Location and Site Conditions 
 
The legal location of the well is Range 14E, Township 6S, section 31, SW ¼ of the SW ¼ 
Gooding County (Figure 1).  Use of Fluorescein as a tracer is appropriate for this type of 
geology that exhibits fracture and conduit flow characteristics with high flow velocities and no 
sediments.  The well targeted for dye release is noted in Figure 1 as the “Roy Hopper” well as 
shown (lower right) with a red circle.  As with previous tests, the pump will be turned off for 1-
2 days after dye release which is also agreeable to the well owner.  At least 28 sample locations 
will be established both in the Gorge and wells on the plateau.  All of these sites will be 
monitored with charcoal packets and water samples for ‘Phase One’ of the test.  It is about 
5,300 feet between the dye release well and the springs in the Gorge.   
 

 
 
Figure 1.  Map showing all of the sites with green circles that will be sampled during the test.  
Solid black circles are locations of other wells.  The blue line is the anticipated groundwater 
flow direction and path of dye.  The green and red triangles are the areas of previous 
groundwater tracer test flow paths and distance of the trace.   
 
Geologic Conditions and Subsurface Conceptual Flow Model 
 
Water prefers to flow down gradient and along paths of least resistance (high hydraulic 
conductivity) and the greatest flow is expected to be through basalt contact zones with possible 
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‘conduit’ type of flow path characteristics or pillow lava features.  A pillow lava layer up to 30 
feet thick is exposed in outcrop in the base of the Gorge with spring water discharging from it.  
Approximate horizontal groundwater flow velocities are inferred from a previous tracer test in 
the Malad Gorge State Park well.  The total project time period is expected to last about 6 
weeks from start to finish of both Phase One and Two but, the start date is undefined and 
contingent upon the schedule of the owner and occupant of the house so it may be several 
months before it is convenient for them to start the test.   
 
The well drilling report shows open borehole (6-inch) with no casing below 19 feet and there 
are cinders from 198-204 feet (Figure 2).  Figure 3 shows the conceptual 2-D model for 
conditions and dye transport to the springs and river.   
   

 
 

Figure 2.  Geology and well construction for the Riddle dye release well.  Dye will be released 
at 190 feet below ground surface through polyethylene tubing.   
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Figure 3.  Conceptual 2-D cross section model of the tracer test from the Hopper well to Malad 
Gorge (not to scale). 
 
 
PHASE ONE Fluorescein with charcoal packets 
 
The project will entail deploying charcoal packets and collecting water samples at all of the 
sample site locations noted in Figure one which will be 33 sites total.  The packets will be 
deployed for the duration of the test but water samples will be collected twice per week for the 
first week and once per week until the dye passes through the system.  Water samples will be 
analyzed for the presence and concentration of dye immediately after being collected and 
transported to Boise.  Charcoal packets continuously absorb dye (if present) as it flows by in the 
spring water building concentrations in the charcoal as more time elapses even if the water 
concentration actually decreases.     
 
Eight pounds of 75% active ingredient Fluorescein dye will be released in liquid form at the 
190 foot depth in the Hopper well.  The dye release will be scheduled to occur when the 
resident of the house is away for at least 1-2 days before the pump is turned back on.  When the 
pump is turned back on the water will be tested on site for the presence of dye and the well 
purged until levels are reduced to below the NSF 10 ppb recommendation (see Technical Data 
FLT Yellow/Green liquid or http://www.brightdyes.com/technical/FLTGreen.html ).  The goal is to 
maintain dye concentrations below 10 ppb in well water and 100 ppb in the Gorge springs.  
Once the dye enters the river and mixes with silty irrigation return flow water (if present) the 
dye will probably be below detection limits.  After the test is over, the Hopper well will be 
tested for bacteria and disinfected if necessary.  Bacteria were absent in both previous dye 
release wells after the previous tests were completed.   
 
IDWR staff will analyze water samples and charcoal packets collected from the wells and 
springs using a calibrated lab fluorometer model TD-700 made by Turner Designs and a 
calibrated SCUFA onsite.  All water samples will be retained and stored in a refrigerator until 
the test is completed.  QA/QC will be attained by calibrating both field and lab instruments with 

nfarmer Page 4 of 4 2/16/2010 

http://www.brightdyes.com/technical/FLTGreen.html


standards according to the manufactures guidelines and USGS protocol (Wilson et al, 1986).  
Data analysis and report writing will be performed at the end of the test discussing and 
describing the results and recommendations for future actions.  Copies will be made available.   
 
PHASE TWO (Fluorescein and In-situ C3 Fluorometer) 
 
The charcoal packet data will not provide an adequate time of travel for calculating the 
groundwater velocity, thus Phase Two is proposed to release Fluorescein a second time and 
place an in-situ fluorometer at the spring location in the Gorge with the greatest concentration 
of dye determined from charcoal packets from Phase One.  The amount of Fluorescein dye will 
be adjusted according to the results from Phase One.     
 
IDWR staff will analyze water samples and charcoal packets collected from the wells and 
springs in the lab with a calibrated lab fluorometer model TD-700 made by Turner Designs and 
a calibrated Turner Designs C3 onsite.  All water samples will be retained and stored in a 
refrigerator until the test is completed.  QA/QC will be attained by calibrating both field and lab 
instruments with standards according to the manufactures guidelines and USGS protocol 
(Wilson et al, 1986).  Data analysis and report writing will be performed at the end of the test 
discussing and describing the results and recommendations for future actions.  Copies will be 
made available.   
 
Biological Considerations 
Fluorescein has very low toxicity, biologically degrades and photo degrades when exposed to 
sun light into carbon dioxide, water and an infinitesimal about of sodium.  A literature search 
(see appendix) has been made to ensure that biological risks to humans (Field et al, 1995, Smart 
1984), human food sources, and aquatic species such as fish, snails and Daphnia are taken into 
consideration for the test design and there is no known adverse effects anticipated given the 
project design.  Dye tracing has been performed at locations with endangered species (snails 
and shellfish), human food sources (trout farms), and salmon spawning beds for over half a 
century with the approval of the U.S. Fish and Wildlife Service, EPA, FDA, state agencies and 
other private and non-profit organizations (Aley, 2009).  Dye tracing has been implemented in 
every hydrologic environment on the planet including wetlands, oceans, estuaries, rivers, 
streams, groundwater, geothermal groundwater and glacial settings.   
 
Human 
Human health and safety are addressed in partial from the MSDS sheets provided in the 
appendices.  The dye is EPA certified to conform to the ANSI/NSF Standard 60 for use in 
potable public water supplies as set forth by the Clean Water Act (see a copy of the certification 
in the appendices) and maximum concentrations in surface water at 100 ppb.  Smart (1984) 
states “Persistent dye concentrations in tracer studies should not cause problems provided they 
are below 100 ppb”.  After the test, the pump will be turned on and the system flushed until the 
water is colorless.  The water will be tested for residual dye and continued flushing until levels 
drop below the NSF recommended concentrations previously noted.  The resurgent 
concentrations from the springs and in the river will not be a risk to humans since there is no 
consumption of this water by humans.   
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Snails 
Endangered and non-endangered snails were considered by seeking professional 
recommendations and information.  Tom Aley has performed numerous dye tracer tests at 
locations where endangered snails are present with the approval of the U.S. Fish and Wildlife 
Service (Aley, 2009).  A literature search was performed and numerous snail experts contacted 
about the potential risk and the topic was also posted on internet discussion forums.  The 
response was a unanimous general response that there is no concern or significant threat.  Dr. 
John Stark, who is the director and a professor at Washington State University, stated in regards 
to snails that Fluorescein should not pose a problem to snails if the concentration is below 300.0 
ppm which is an extremely high concentration.  John Stark is an ecotoxicologist who 
specializes in ecological risk assessment of threatened and endangered species (see Daphnia 
section below).   
 
Fish 
Two potential issues, native or indigenous populations and commercial production are 
addressed in regards to fish.  The MSDS documents that the LC50 for Rainbow Trout at 96 
hours of 320,000 ppb again, an extremely high concentration.  Dye tracing has been approved 
by federal regulatory agencies (EPA, 1995) and performed in streams and rivers for over half a 
century at locations that include sensitive environments and endangered species such as in 
Salmon spawning beds with no problems or issues (Aley, 2009).  Resurgent dye concentrations 
are expected to be very low ranging from 0.1-100 ppb from the springs and diluted after mixing 
with additional river water near the spring area.  Even more dilution will occur downstream 
from more spring discharge into the river where it is anticipated concentrations of dye will be at 
or below the minimum detection limits.  The endemic species of Shoshone Sculpin are present 
in the lower Malad River below the Highway 30 Bridge (Bowler et al, 1992 and personal 
communication with Malad Gorge staff, 2008).  The dye is expected to be below detection 
limits by the time it flows through this section from the effects of dilution, biological 
degradation, sun light degradation, and absorption onto concrete, rock substrate and clay 
particles from irrigation return flows.     
 
In addition, Bill Lind (NOAA) was contacted regarding Fluorescein with the following 
response emailed on January 4, 2010.  “I have checked with Nathaniel L. Scholz, Ph.D., a 
research toxicologist with our Northwest Fisheries Science Center.  He does not think NOAA 
would have grant-type funding for a niche study like this.  He went on to say that use of 
flourescein dye in this manner is not a potential problem with widespread significance, so it's 
not something they would reassign research staff to work on.  He said that numerous 
researchers have used flourescein dye to track the movements of groundwater (i.e., relative to 
pink salmon redds in Prince William Sound following Exxon Valdez), and flourescein is also 
one of the most commonly used fluorescent markers in various aspects of cell biology 
(neurobiology, developmental biology, etc.).  If it were toxic, it wouldn't be so widely useful as 
a tool for biological imaging.  This is reflected also in the MSDS.” 
 
 
Daphnia 
Daphnia are small, planktonic crustaceans, between .2 and 5 mm in length (Figure 5). Daphnia 
are members of the order Cladocera, and are one of the several small aquatic crustaceans 
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commonly called water fleas because of their saltatory swimming style (although fleas are 
insects and thus only very distantly related). They live in various aquatic environments ranging 
from acidic swamps to freshwater lakes, ponds, streams and rivers (Wikipedia, 2008).   

 

Figure 5.  Photo of Daphnia crustacean (Wikipedia, 2008).   

The MSDS documents the LC50 for Daphnia Magna at 170,000 ppb (again, extremely high 
concentration).  Dr. John Stark was contacted by IDWR staff (personal communication) and 
discussed the risk of Fluorescein dye to both snails and Daphnia.  Dr. Stark is an 
ecotoxicologist who specializes in ecological risk assessment of threatened and endangered 
species.  He manages the WSU Salmon Toxicology Research Laboratory and has recently 
started work on the effects of pesticides on endangered butterfly species.  Dr. Stark is also a 
population modeler and has developed population-level risk assessments based on matrix 
models and differential equation models.  

Dr. Stark provided a professional paper (Walthall and Stark, 1999) to IDWR that addresses the 
risk of dyes to Daphnia and the research paper concluded there is little or no issues with 
Fluorescein dye concentrations below 337 (278±403) mg/liter (ppm) or 337,000 ppb.  The 
resurgent dye concentration is expected to be several orders of magnitude less in concentration 
within the range of 0.1-100 ppb.   
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Appendix of Information Used for Proposed Implementation 
 

1. List of References 
2. Certification of Approval for use in Potable Water & Safety Reference 
3. Material Safety Data Sheet 
4. Fluorometric Facts Bulletin 
5. Technical Data Bulletins 
6. USGS Report (title page only) “Fluorometric Procedures for Dye Tracing” 
7. Groundwater Tracing Handbook by Thomas Aley 
8. Reference: Groundwater Tracer Tests at Hagerman Fossil Beds N.M. 2001 
9. Reference:  Hydrologic Study of the Deer Gulch Basalt 2005 
10. Reference:  Tracer Tests in Columbia River Basalts 1998 
11. Resume of Thomas Aley – author of Groundwater Tracing Handbook by Ozark 

Underground Laboratory. 
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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 
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