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Idaho Department of Water Resources

ABSTRACT

Through a cooperative effort between the Idaho Parks and Recreation Department, Idaho Department of Water Resources, Idaho Power, Lower Snake River Aquifer Recharge District, and the Middle Snake Water Resource Commission three tracer tests were successfully conducted at the Malad Gorge State Park during the spring of 2009.  A thorough literature search for any groundwater tracing done in the ESPA for the area from Idaho National Engineering Lab (INEL) to Hagerman was made along with inquiries to various federal and state agencies and organizations to determine if tracing has been previously done but none were found.  If this is true, then the first documented successful groundwater tracer test was completed at Malad Gorge.  Dye was injected into a well located in the park picnic area.  Springs along the river edge in the Gorge were monitored for the dye.  Fluorescent dyes were used in a ‘two phased’ approach to determine the spatial distribution first and then the travel time second.  Results document that groundwater is flowing in a northwest direction from the injection well to the Gorge at an average linear flow velocity of 873 feet per day with the caveat that 18% of the distance is through talus slope.  
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INTRODUCTION

Purpose and Objectives

A pilot-scale groundwater tracer test was implemented at Malad Gorge State Park to determine the feasibility and viability of using fluorescent dyes to assist with baseline aquifer characterization.  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 important step in developing information and technology to support an ongoing tracer program on the ESPA.  Tracer studies could provide flow data for the application of practices to manage and enhance the aquifer.  Some of the site specific goals included an attempt to determine the following:

1. What is the hydraulic communication between the picnic 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 cone of dispersion 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 frequency and spatial frequency?

10. How much dye is needed to obtain a significant and discernable response?

11. Is it possible to access the sample locations in the Gorge given the terrain and vegetation?

12. What will be the resurgent concentration of dye in the springs and the river?
13. What are any potential biological impacts from the dye?

14. Will the injection method of using polyethylene tubing work?

15. Is the level of injection in the well appropriate?

16. Will the test be a burden or inconvenient for the park operations?

17. Can the dye be detected downstream after the Malad River and other spring discharge areas have diluted it?

18. 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 elevation of the park picnic area well head is 3,273 feet determined from 100 post processed readings using a Trimble GeoXT 2005 set on the highest precision option and NAD83.  On March 20, 2009 the depth to water in the well was 191.76 feet or 3,081 feet elevation.  The river and spring discharge elevations range from 3,030 to 3,040 feet elevation using the same technique.  The Gorge in this area is about 225 feet deep with vertical walls of basalt and talus slopes.  Formation of the Gorge is attributed to cataract retreat of flood waters from the Bonneville Flood.  No major landslides are located in this part of the Gorge.  However, a bench about 20 feet higher than the river within a section of the talus slope may be the remnants of an old landslide.    
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Figure 1.  General location of the dye tracer test at the Malad Gorge State Park. 
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Figure 2.  USGS topographic map of the site showing the park boundary as the blue colored line.

Geologic 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 walls of the Gorge are identified as Madson Basalt dated at 404,000 years old (Figure 3).  The cataract that formed the Gorge eroded the partially unconsolidated pillow rubble zone and probably the GFF which caused the overlying basalt to collapse.  Downstream in the Gorge, landslides (Qls in Figure 3) are also slipping or failing in the saturated GFF and they likely failed during the recession of the Bonneville Flood.
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Figure 3.  Geologic map showing the upper section of Malad Gorge Pleistocene age basalts Madson (Qma) and Gooding Butte (Qgb) (Gillerman et al, 2005).  See Appendix A for a complete lithologic description.  
GEOLOGIC MODEL OF TRACER TEST SITE
A simple geologic model is inferred from the site specific geologic map, well logs, and outcrops in context with inspections of geology in the Hagerman Valley area.  The geologic model provides a framework to assist hydrologic and tracer test interpretation.  A general chronology of events that formed the Gorge geology would entail: 

1.) Lake Idaho deposits fluvial and flood plain sediments from about 5 to 1.5 million 
years ago (Malde, 1958).  
2.) Lake Idaho drained about 1.5 million years ago and erosion of the sediments takes 
place with rivers and streams cutting canyons into the sediments up to about 404,000 years ago. 
3.) A volcanic eruption occurred approximately 404,000 years ago and filled the canyon 
with lava and pillows; then repeated basalt flows fill the canyon (Gillerman et al, 2005).  
4.) The Malad River probably was flowing in this area when 15,000 years ago the 
Bonneville Flood cut the Gorge through erosion and cataract retreat.  
5.)  Landslides occur in the lower sections of the Gorge possibly during the recession of 
flood water.    

Located near Idaho Power’s upper diversion is an in-situ outcrop of pillow lava exposed in the canyon wall that is at least 30 feet thick, although the base is not exposed (Figure 4).  The location of Cross-section A-A’ is shown in Figure 5 noting some relevant geologic outcrops and the deepest wells in the area.  The elevation of this pillow zone correlates to the inferred contact between the GFF and overlying Madson (Qma) basalt based on additional information in well logs of the Park Office and Hooper wells and L. Woody borehole (Figure 6).  Individual logs can be found in Appendix B.  Note the close elevation correlation between the pillow outcrop, site MG-7 and the lowest geologic notation for the park picnic well as ‘broken basalt’.  Groundwater flows from the base of the brecciated pillows which is similar to other spring locations in the Hagerman Valley with exposed pillows and groundwater discharge.  Field inspection at several nearby spring sites show a geologic pattern of a massive ‘cap’ of basalt overlying a pillow/brecciated rubble zone typically with groundwater discharging from it, and underlying the pillows is the GFF.  This general geology has been observed at the Curren Tunnel, Three Springs, Big Springs, an outcrop 1 mile south of Rangen (dry), and at Spring Creek.  All four well logs note “broken basalt” at this contact and it is interpreted to be the pillow/rubble deposit.  Pillows and associated rubble are highly permeable and capable of transmitting or discharging large volumes of ground water.  
An idealized vertical cross section model is shown in Figure 7 that is not to scale, and the exact subsurface geologic architecture is not well defined.  The units, contacts and orientation are inferred from outcrops, mapping and well logs.  Numerous well logs and outcrops indicate the GFF contact appears to rise in elevation both north and south of this area and there is an approximately 47 foot elevation change from the water level in the well to the river/spring elevation in the Gorge.
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Figure 4.  Thick layer of pillow basalt with groundwater discharge located at Idaho Power Company’s upper diversion dam.  
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Figure 5.  Location of geologic cross section line A-A’ with wells noted as blue circles, outcrops as green diamonds and sample site MG-7/Malad River as yellow star.
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Figure 6.  Geologic cross section A-A’ noting sediments as orange colored background and basalt related rock type as grey colored background patterns.  Elevations of Woody’s Alcove, pillow basalt outcrop and the Malad Gorge River/sample site MG-7 are also shown.   Tick marks are every 25 feet.  Well water levels are shown with dates.
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Figure 7.  General conceptual cross section geologic model for the tracer test area (not to scale).  
BACKGROUND OF DYE TRACING
A literature review and inquiry was made to Universities, state and federal agencies to determine if any tracer tests have been performed, documented and made available to the public on the Lower Eastern Snake Plain Aquifer (LESPA) southwest of INEL but no previous investigations were found.  The groundwater tracer test completed at Malad Gorge appears to be the first documented successful tracer test in the LESPA that is readily available to the public.  
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 is the most commonly used dye for both surface and groundwater tracing studies.  Sodium Fluorescein (Acid Yellow 73 – CAS # 518-47-8) can be detected in a fluorometer at very low concentrations of 0.1 parts per billion (ppb).  Fluorescein is also known as Drug and Cosmetic Yellow 8 which is an ingredient in some consumer products.  Fluorescein is widely used in medical treatments for humans in the United States and it is given to about a million people a year.  Dye tracing has been used for the analysis of blood circulation within various parts of the human or animal body.  For example, fluorescent angiography, a technique of analyzing the circulation in the retina, is used for diagnosing various eye diseases.  
The toxicity of any tracer is dependent upon several factors including the concentration present and the environment into which the dye is released (Field et al 1995).  Additionally, some organisms may be more susceptible than others to the introduction of a tracer.  Several authors have investigated health and ecological impacts of Fluorescein.  Field (with U.S. EPA) et al 1995, evaluated several dyes including Fluorescein. They reported finding little concern for human health or environmental impacts “if dye concentrations are maintained below the minimum (easily visible to the naked eye) at approximately 1-2 mg/L (1,000-2,000 micro grams per liter) for 24 hr. at the point of groundwater withdrawal or discharge.”  Walthall and Stark (1998) evaluated the acute and chronic toxicity of fluorescein to Daphnia pulex. They concluded that Fluorescein is “not likely to pose a significant threat to natural populations.”  Their results indicated that concentrations required to elicit even sublethal doses were quite high (LC50 337 mg/l and LC90 721 mg/l).  Pouliquen et al (1995) as cited by Noga and Udomkusonsri (2002) stated that turbot (Scophthalmus maximu) exposed to concentrations of 700 mg/l (700,000 ug/l) Fluorescein was not lethal.  Smart (1984) concluded that persistent (long-term) exposure to dye concentrations below 100 ug/l should not cause environmental or health problems.  Smart also states that while developmental stages of shellfish appear more sensitive to Flourescein than fish, short-term (48 hours) exposure to concentrations of 1 mg/l can be endured.  In conclusion, the use of Fluorescein for tracer studies does not appear to create health or environmental problems if target concentrations are low at the point of ground water discharge into surface water environments.

Human health and safety are addressed and the MSDS sheets are provided in the appendices.  Safety of both Fluorescein and Rhodamine WT has been documented in numerous scientific studies during the past 50 years.  The EPA approves both of these dyes to be used in public drinking water supplies and notes the dyes as “non-toxic” (see reference sources) which 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 biodegradable and photodegradable with decomposition products of carbon dioxide, water and a trace amount of sodium.  

Planning for a tracer test includes the development of the conceptual design, identifying potential 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, target concentrations at collection points, observation wells, sampling schedule and locations, and monitoring.  The type of tracer selected for a tracer test is dependent on many factors including 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.  Other factors include type of medium, available funds, the stability of the tracer, detectability of tracer, difficulty of sampling and analysis (availability of tracer, ease of sampling and availability of technology for analysis), physical/chemical/biological properties of tracer and public health considerations (Davis et. al., 1985).  For tracer tests at springs in the Thousand Springs area, the following components were considered and evaluated: the conceptual design, down gradient receptors, 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.  The 1986 USGS report titled “Fluorometric Procedures for Dye Tracing” by Wilson et al. served as a principal guidance document.
The transport of a conservative tracer is primarily controlled by advection with effects of dispersion.  Advection is the movement of the solute due to general ground water motion.  Dispersion is a phenomenon by which a solute is mixed and becomes reduced in concentration at the pore level and different strata flow paths.  Since no fine grained sediments of silt or clay are present along with high ground water flow velocities; then dye tracers serve as a conservative tracer.  The rate of the flowing ground water can be evaluated based on Darcy’s Law.  Tracer migration due to advection is assumed to occur at the same rate as the average linear velocity of the ground water (Fetter, 2001).  It is important to realize that not all solute will travel at the same rate as the ground water.  Some solute will move slower than the mean velocity and some will move faster than the mean velocity.  This mechanical mixing together with ionic diffusion results in hydrodynamic dispersion and spreading of the solute.  Dispersivity has been determined to be scale-dependent (Davis et.al., 1985), meaning that values of longitudinal dispersivity generally increase with increasing distance between the injection point and sampling locations (i.e. dispersivity increases as the plume migrates down gradient) (Anderson and Woessner, 1992).  In fractured, non-soluble aquifers, Leibundgut and Wernli (1986) estimated about 1% of the dye introduced is typically recovered (Aley, 2002) but recovery of tracer can vary.  For example, in a tracer study performed in a perched basalt aquifer under the Bell Rapids Irrigation District in Twin Falls County by Dallas (2005), up to 28% of the dye was recovered.  
Fluorescent dyes make excellent tracers for a variety of reasons, including:

1. They are approved for use in public drinking water supply systems.

2. There are no harmful effects (MSDS) and have extremely low toxicity ratings. The absence of toxicity from Fluorescein is documented in the following reference by Smart (1984).  

2. They are water soluble.

3. They are highly detectable (some below 1 part per trillion).

4. They are inexpensive.

5. They are fairly stable in a normal water environment.

6. They have been used successfully for tracing for over half a century even at locations where there are endangered or sensitive species and public drinking water supplies.

7. They are not naturally found in aquifer systems and therefore no background interference like other tracers can be like bromide.
8. Sampling procedure is simple and inexpensive.
PROCEDURE/METHODS

Prior to making an application for a permit to inject the dye, numerous meetings and discussion occurred between IDWR, Idaho Power, Parks and Recreation, and the U.S. Fish and Wildlife Service.  A two phase approach was developed at this site due to accessibility issues matched with sampling frequency needs for desired results.  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 passing.  Phase II used Rhodamine dye with a submersible fluorometer and datalogger (SCUFA) deployed at the sample site where the greatest amount of Fluorescein dye was detected from 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.  A ground water velocity was then calculated.  The approach proved very efficient for time, supplies, and sampling/analysis costs.  It also provided a high resolution breakthrough curve on a one minute frequency that is essentially impossible if done manually without a SCUFA instrument.  
Phase I Description

Fluorescein dye was injected in phase I with charcoal packets used as dye collectors along with 50 mL water samples.  Figure 8 shows the location of the sample sites as yellow circles and noted as MG-1 through MG-11.  They were placed at high spring/groundwater discharge flowing into the river.  Ground water discharge was observed at other locations but at reduced rates.  It was anticipated that the dye would discharge at MG-4, 5, and 6 and that is why there is a slightly higher density of sample sites.  Coconut shell charcoal packets purchased from Ozark Underground Labs (OUL) were deployed at each sample site in the spring water and also at the Idaho Power diversion.  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 March 20, 2009 sample sites were scoped, selected and georeferenced using a Trimble GeoXT 2005 with 100 readings post processed and NAD83 IDTM.  
· On Tuesday April 7 charcoal packets were deployed and pre-test water samples collected.  The SOP for collecting water samples consists of rinsing the 50 mL containers provided by OUL three times with sample water before collection.  Then the water samples were placed in a cooler with blue ice for transport back to the lab.  There was no detection of dye from these water samples collected before the dye was injected using a calibrated Turner Designs fluorometer model TD 700.  At 5:10 pm 1 pound of Fluorescein powder that is 75% dye equivalent was mixed with 3 gallons of potable water and injected into the Park picnic area well through polyethylene tubing (Figure 9) that extended down to 213 foot depth.  This level, approximately 22 feet below the water surface, is noted as “broken basalt” in the well log (see Appendix B) and interpreted to be pillow basalt.
· On Saturday April 11 an inspection was conducted of the springs and river from the rim.  Water from the park restrooms and from the Idaho Power diversion was inspected, and water samples collected.  No dye was visible to the unaided eye at any locations, and the river was clear of sediments.  The water samples from the river and restrooms were tested in the lab using the TD 700 with no detection of Fluorescein dye indicating that no dye was being discharged from the aquifer after 4 days.  The Fluorescein dye probably flowed completely out of the well in just a few hours after release.  
· Protocols also called for monitoring of the park well for the presence of Coliform bacteria after the test.  Park staff reported a lab result of “absence” for total Coliform bacteria from the well water sample before service to the restroom.
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Figure 8.  Air photo showing Fluorescein tracer test sample sites with yellow circles and the dye injection well in the Park picnic area with a blue circle.  The majority of the detected Fluorescein dye passed by sites MG 7, 8, 9 and 10.   
[image: image9.jpg]



Figure 9.  Polyethylene tubing deployed down well to the 213 foot depth level.

· On Tuesday April 14th water samples were collected, charcoal packets retrieved and replaced with new ones at all sample sites.  These samples were shipped to Ozark Underground Labs for analysis with a table of results provided in Appendix C. 
Phase Two Description

Once the preferred hydraulic pathway was determined from Phase I, one gallon of 2.5% concentration active ingredient (approximately 0.2 pounds) Rhodamine WT (RWT) dye was injected into the park well on June 23, 2009 with deployment of a Turner Designs “Self Contained Underwater Fluorescent Apparatus” or SCUFA at sample site MG-7.  The SCUFA was programmed to record fluorescence data once per minute.  The SCUFA provides a concentration breakthrough curve and travel time of the dye cloud; from which a velocity can be calculated.
The SCUFA unit was calibrated using deionized water and 4.0 ppb RWT solution, and it measures the water concentration of dye directly.  The SCUFA also measures and records turbidity.  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.  Direct sunlight on the optics can produce noise and erratic readings.   The unit was secured under a rock in a shady area of high flow at MG-7 (see following photos).
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Figure 10.  Location of sample site MG-7 in the red circled area as viewed from the canyon rim.  Note the boundary of clear groundwater discharging into murky Malad River water.  
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Figure 11.  Closer view of MG-7 showing the high flow out into the river.
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Figure 12.  IDWR staff, Dennis Owsley, assisting with deployment of the SCUFA.  Note the strong current from the spring discharge.
Prior to and after the June 23rd deployment of the SCUFA, cool wet weather occurred and farmers stopped diverting irrigation water.  High return flows into the Malad River and increased sediment load resulted.  On the 23rd, the pool level of the river rose about 6 inches but may have been even higher at other times.  It is unknown if this had any effect on the spring flows or water quality, but there were some unusual cycles in the fluorescent data recorded by the SCUFA (Figure 13) that correlate to turbidity.    
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Figure 13.  RWT test #1 concentration breakthrough curve from SCUFA.  Fluorescent spikes correlate to turbidity spikes.  
After evaluating the data from tracer test #1, a decision was made to repeat the test using the same mass of dye, sample point, injection level, etc. with the goal to obtain data with less “noise” (i.e. turbidity).   Clearly, some natural events affected the data and produced large repeated cycles as seen in Figure 13.  Data shifts are also noted in Figure 14.  An incomplete recession limb made calculating the center of mass of the dye cloud and interpreting the results difficult.  The data shift of approximately 0.05 ppb are near the detection limit of the instrument (0.04 ppb) therefore the shifts might not be real.  The data shifts were removed from the red line to form the green line noted in Figure 14 and probably represents a more realistic trend.  By removing the shifts the line slope angles and timing of the peak is not affected.  
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Figure 14.  Expanded view of the circled data in Figure 13 concentration breakthrough curve.  Note the two peaks and temporal pattern for comparison with the second RWT test.  Two data shifts occurred and if adjusted then the green line would be the resultant curve.
On Monday June 29th, a second repeat RWT test was performed.  The SCUFA was immersed into two calibration solutions to check for drift, and the readings were within 0.5 ppb of the original calibration.  After the test, the data (Figure 14) was downloaded from the SCUFA and evaluated.  The SCUFA was then recalibrated to 25 ppb because at the time it was unknown if the high concentration cycles were dye or not and 25 ppb is roughly half of the peak of 45 ppb.  Figure 15 shows better results because the turbidity (or other) disturbances were not present.  At the time of the second test, typical spring weather patterns prevailed in southern Idaho.  Irrigation activities resumed with a corresponding decrease in flows in the Malad River.  In short, the hydrologic system ‘settled down’ or resumed back to a more stable character or baseflow condition.  
Figure 15 shows a classic, nearly ‘text book shaped’, RWT concentration breakthrough curve with a sampling frequency of 10 minutes.  In comparing Figures 14 and 15, it is evident, that the initial breakthrough, first peak and second peak are all within 1 hour of the each other.  With a more complete recession curve, it was possible to calculate the center of mass of the dye at about 30 hours after injection.  The two peaks can be explained by a simple ‘double flow path’ model 
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Figure 15.  Dye concentration breakthrough curve for 2nd RWT test.  Note the same two peak pattern as in test #1 confirming reproducibility.
for this specific site with each path having its own unique breakthrough curve as conceptualized in Figure 16 as black circles and squares.  The two flow paths are combined or integrated at 

sample site MG-7 as one graph (Figure 15) as the red symbol line.  The first peak demonstrates relatively higher hydraulic conductivity in the flow path but received slightly less dye.  The second peak demonstrates a slower flow path that received slightly more dye.  The double peak may have been initiated within the well from the slug injection which was not evenly mixed within the borehole water column.  A mixing pump placed within the water column may have eliminated this pattern.  In order to deploy a mixing pump, it would have been necessary to pull the supply pump at a cost of $500 while further delaying the use of the pump for park water supply.     

[image: image16.png](9] Hle Edt Vew Iwert Fomat Ioos Data Window Hel Adobe POF Type a question for help
DEEHRSERITE] S 7l 18 = -2 2| W [B] giwa -0 -|B Z U |$ % o %
REE v 2

H | J K L M N 5] P o [ R | s T U v W X i 3 =

Malad Gorge RWT Dye Tracer Test #2 o
Integration and Superposition of 2 Theoretical Individual Breakthrough Curves
10 | | | | | |

12 —&- Breakthrough Curve #1

06 7+

12 04 ~B- Breakthrough Curve #2

e —— Integrated/Combined Breakthrough Curve

0.2

RWT (ppb)

W <> Whmg7/ < >
s Juoshepes N N (1O A Al &1 @] O - - A~ zasl




 Figure 16.  A general combination of two individual conceptualized concentration breakthrough curves noted in black with circles for Curve #1 and squares for Curve #2.  The integration of these two black symbol curves would have the shape of the red symbol line.    
Figure 17 shows a plot of both tests on the same relative time axis starting with the dye injection.  The data shifts from the first test were adjusted to produce a consistent line colored red which allows for a better visual comparison of the two breakthrough curves.  The curves show a consistent pattern between both tests with essentially the same slope angles on the rising limbs and recession limbs as well as the timing of the peaks.  The vertical difference between the two graphs is probably from the calibration of 4 ppb for the first test and 25 ppb for the second test causing a slight change in the measured values.  The horizontal shift of the peaks of about 1 hour may be due to slightly different water levels in the well and resulting in different flow hydraulics.  The water level in the well on March 20th was 191.76 feet below T.O.C. and at the time of injection for the first RWT test on June 23 it was 191.06 feet below T.O.C.  Unfortunately, a water level was not collected during the second RWT test on June 29th.   
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Figure 17.  Reproducibility of both RWT tests demonstrating similar patterns with a strong correlation.  
Aquifer hydraulic conductivity can be estimated using tracer data with the caveat that approximately 18% 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*V÷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%.

· “V” is average linear velocity based on the center of mass from the dye cloud at 873 feet per day.

· “I” is the hydraulic gradient from dh/dl =  0.04 derived from a “dh” of 47 feet vertical change based on GPS Trimble GeoXT 2005 with multiple 100 readings averaged with a vertical accuracy averaging +/- 3.5 feet when checked against a known USGS benchmark.  This level of accuracy was deemed sufficient given the unknown nature of the insitu level of aquifer discharge hidden under the talus slope.  “dl” is based on the linear distance from the injection point to the spring of 1,100 feet using GIS and GPS.
Therefore:

If Pe is 15% then K is approximately 3,275 feet per day.

Or,
If Pe is 30% then K is approximately 6,550 feet per day. 

Results and Discussion

Results from Phase 1 Fluorescein test demonstrate that 99% of the detected dye in charcoal packets passed by sample sites MG-7, 8, 9, and 10 with a minor amount at MG-2 and MG-6 (Figure 8).  Site MG-7 received the highest concentration of dye of 1,310 ppb (from the charcoal packet) or 65% of the detected dye and therefore it is assumed this site has the best hydraulic communication with the well.  MG-8 received the next highest charcoal packet concentration of 446 ppb or 22% of the detected dye.  Sites MG-9 and MG-10 also received high dye concentrations.  MG-3, 4, 5, and 11 did not receive any dye and only a small amount (1.44 ppb) at MG-6.  This pattern indicates the dye was well constrained between MG-7 through MG-10 with little or no lateral migration of dye into adjacent sites of MG-6 or MG-11.  The horizontal spatial dimension was delineated from the ‘spread’ of the dye cloud with a cone of dispersion measured at approximately 18-20 degrees.  Taken as a whole (sites MG-7 through MG-10), the distribution apparently indicates a high level of homogeneity in the aquifer at this scale and location.  This might be attributable to the highly broken, fractured and rubble nature of the pillow zone which diffuses the flow more than a non-pillow zone.  The caveat to this is that each individual site may have multiple flow paths which is supported by Phase II of the test.  The main flow path is based on the azimuth between the well and MG-7 which is nearly due northwest at 310 degrees.  Dye was also detected at about 71 ppb from the charcoal packet located at the Idaho Power diversion and appears to have been diluted by both the Malad River inflow as well as other groundwater springs flowing into the river with no dye.  

The results from Phase I allowed for the targeting and placement of the SCUFA in Phase II.  The results of the Phase 2 were consistent with Phase I data and provided greater refinement of travel time, dye break through characteristics, center of mass response, amount of dye injected produces what concentration at the spring, how fast the dye moves out of the well, and provides quantitative data to calculate aquifer parameters.  The first RWT dye detected in the spring was 4.5 to 5 hours post injection and the center of mass of the dye cloud was determined to be 30 hours.  Using the travel times, the average linear velocity was 873 feet per day and the maximum linear velocity is 220-250 feet per hour.  No dye was detected by the SCUFA approximately 3.5 days post injection of the dye.  
The results from Phase I and II were consistent for direction and travel times from the park well to the Malad Gorge.  This data will be used to develop additional studies utilizing additional wells 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 practice application that can improve aquifer levels and increase spring discharge.  Knowledge gained not only from the results of these studies but also the techniques develop can lead to a better understanding of water movement through the aquifer.
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APPENDIX A – Geologic Map Descriptions
Description of geologic map units from Thousand Springs Quadrangle map by Gillerman et al, 2005 Idaho Geological Survey.
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APPENDIX B – Geologic Well Logs
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APPENDIX C – Fluorescein Lab Results
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Ozark Underground Laboratory, Inc. for Idaho Dept. of Water Resources N
Project Name: Malad Gorge G-W. Trace
Samples collected by: Neal Farmer
Date Samples Shipped: April 28, 2009
Date Samples Rec’dat OUL:  April 29, 2009
Date Analyzed by OUL: May 1,4 and 5, 2009
Table 1. Results for charcoal and water samples analyzed for the presence of fluorescein dye. Pesk wavelengths are reported in
nanormeters (nm), dye concentrations are reported in parts per billion (ppb). Al results are for charcoal unless otherwise indicated.
OUL | Station Station Date/Time Date/Time Fluorescein
# # Name Placed Collected Results
Peak Conc.
89230 |IPCoDiv_|Idaho Power Diversion 7109 1030 4/14/09 1030 5154 707
89231 |MG-1  |Malad Gorge #1 k7109 1100 /14/09 1120 D
89232 |MG-2  |Malad Gorge #2 k7109 1110 4/14/09 1130 515.5 4.57
89233 |MG-3  |Malad Gorge #3 k7109 1120 /14/09 1140 D
89234 |MG-4  |Malad Gorge #4 k7109 1130 k114109 1145 D
89235 |MG-5  |Malad Gorge #5 k7109 1140 k114109 1155 D
89236 |MG-6  |Malad Gorge #6 k7109 1150 /14/09 1200 5153 144
89237 |MG-7  |Malad Gorge #7 4709 1200 4114109 1205 b15.9 1,310
89238 |MG-8  |Malad Gorge #8 k7109 1210 k14/09 1210 b15.9 445
89239 |MG-9  |Malad Gorge #9 k7109 1220 k14109 1215 5155 352
89240 | Laboratory control charcoal blank
89241 [MG-10  |Malad Gorge #10 k7109 1230 k14109 1225 515.5 216
89242 |MG-11  |Malad Gorge #11 7109 1240 4/14/09 1230 D
89312 |IPCoDiv_|Idaho Power Diversion Water 4/14/09 1030 D
89313 [MG-2  |Malad Gorge #2 Water 4/14/09 1130 D
89314 |MG-6  |Malad Gorge #6 Water /14/09 1200 D
89315 |MG-7  |Malad Gorge #7 Water 4114109 1205 510.6 (1) o0.012
89316 |MG-8  |Malad Gorge #8 Water k14/09 1210 D 1
89317 |MG-9  |Malad Gorge #9 Water k114109 1215 D
89333 [MG-10  |Malad Gorge #10 Water k14109 1225 D L
Footnotes: ND = No dye detected. (1) = A flucrescence peak is presert: that does not rmeet all the criteria for this dye. However, &t has been calculated as a :
positive dye result because kiye was found in the comresponding charcoal sample .
Bl=w< >
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APPENDIX D– 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
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BRIGHT DYESMATERIAL SAFETY DATA SHEET
FLT YELLOW/GREEN LIQUID CONCENTRATE

PAGE10F 3

MSDS PREPARATION INFORMATION

PREPARED BY: T.P. MULDOON

(637 886-9100
DATE PREPARED: 10105

PRODUCT INFORMATION

MAUNFACTURED BY: KINGSCOTE CHEMICALS

33345 TECH BLVD.

MIAMISBURG, OHIO 45342
CHEMICAL NAME NOT APPLICABLE
CHEMICAL FORMULX "NOT APPLICABLE
CHEMICAL FAMLLY. AQUEOUS DYE PRODUCT

HAZARDOUS INGREDIENTS
NONE PER 29 CFR 1910.1200
PHYSICAL DATA

PHYSICAL STATE.
ODOR AND APPEA
SPECIFIC GRAVITY

VAPOR DENSITY (AIR-
EVAPORATION RATE (Buty
BOILING POINT
FREEZING POINT

sH

SOLUBILITY IV WATER

'VAPOR DENSITY (min Hg @ 355 C) .

.LIQUID
YELLOW/GREEN, WITH NO APPARENT ODOR
APPROXIMATELY 105

100 degrees C (212 degrees F)
0 degrees C (32 degrees F)
8.0 OR ABOVE

HIGHLY SOLUBLE

FIRE HAZARD

CONDITION OF FLAMMABILITY
MEANS OF EXTINCTION

FLASH POINT AND METHOD
'UPPER FLAMABLE LIMIT
LOWER FLAMABLE LIMIT |
AUTO-IGNITION TEMPERA’

UNUSUAL FIRE HAZARD

HAZARDOUS COMBUSTION PRODUCT!

NON-FLAMABLE
WATER FOG, CARBON DIOXIDE, OR DRY CHEMICAL
NOT APPLICABLE
NOT APPLICABLE

NOT APPLICABLE

"NOT APPLICABLE

"NOT APPLICABLE

"NOT APPLICABLE
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BRIGHT DYES MATERIAL SAFETY DATA SHEET
FLT YELLOW/GREEN LIQUID CONCENTRATE
PAGE20F 3

EXPLOSION HAZARD

SENSITIVITY TO STATIC DISCHARGE NOT APPLICABLE
SENSITIVITY TO MECHANICAL IMPACT NOT APPLICABLE

REACTIVITY DATA

PRODUCT STABILITY .STABLE
PRODUCT INCOMPAT] “NONE KNOWN
CONDITIONS OF REACTIVITY . "NOT APPLICABLE

HAZARDOUS DECOMPOSITION PRODUCTS. “NONE KNOWN

TOXICOLOGICAL PROPERTIES

SYMPTOMS OF OVER EXPOSURE FOR EACH POTENTIAL ROUTE OF ENTRY:

INHALLATION, ACUTE NO HARMFUL EFFECTS EXPECTED.
INHALATION, CHRONIC NO HARMFUL EFFECTS EXPECTED.
SKIN CONTACT ~WILL TEMPORARILY GIVE SKIN A YELLOW/GREEN COLOR.
EYE CONTACT "NO HARMFUL EFFECTS EXPECTED.

INGESTION "URINE MAY BE A YELLOW/GREEN COLOR UNTIL TEE DYE

‘HAS BEEN WASHED THROUGH THE SYSTEM.

EFFECTS OF ACUTE EXPOSURE . NO HARMFUL EFFECTS EXPECTED

EFFECTS OF CHRONIC EXPOSUEE . "NO HARMFUL EFFECTS EXPECTED

‘THRESHOLD OF LIMIT VALUE "NOT APPLICABLE

CARCINOGENICITY "NOT LISTED AS A KINOWN OR SUSPECTED CARCINOGEN BY
TARC, NTP OR OSHA.

TERATOGENICITY NONE KNOWN
TOXICOLOGY SYNERGISTIC PRODUCTS NONE KNOWN
PREVENTATIVE MEASURES

PERSONAL PROTECTIVE EQUIPMENT

GLOVES RUBBER

RESPIRATORY | "USE NISOH APPROVED DUST MASK IF DUSTY CONDITIONS
EXIST.

CLOTHING PROTECTIVE CLOTHING SHOULD BE WORN WHERE
‘CONTACT IS UNAVOIDABLE.

OTHER, HAVE ACCESS TO EMERGENCY EYEWASH.
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BRIGHT DYES MATERIAL SAFETY DATA SHEET
FLT YELLOW/GREEN LIQUID CONCENTRATE
PAGE3OF 3
PREVENTATIVE MEASURES (CONT.)
o Do BN ER
P11 oR LEAK RESRONSE e R B T Heevevt_smon

ENTERING DRAIN. USE ABSORBANTS AND PLACE ALL
SPILL MATERIALS IN WASTE DISPOSAL CONTAINER, FLUSH
AFFECTED AREA WITH WATER.

WASTE DISPOSAL , INCINERATE OR REMOVE TO A SUITABLE SOLID WASTE
'DISPOSAL SITE, DISPOSE OF ALL WASTES IN ACCORDANCE
‘WITH FEDERAL, STATE AND LOCAL REGULATIONS,

{0 SPECTAL REQUIREMENTS.

TORE AT ROOM TEMPERATURE BUT ABOVE THE FREEZING

'HANDELING PROCEDURES AND EQUIPMENT
STORAGE REQUIREMENTS

SHIPPING INFORMATION

FIRST AID MEASURES

FIRST AID EMERGENGY PROCEDURES

EYE CONTACT FLUSH EYES WITH WATER FOR AT LEAST 15 MINUTES. GET
MEDICAL ATTENTION IF [RRITATION PERSISTS.

SKIN CONTACT. WASH SKIN THOROUGHLY WITH SOAP AND WATER. GET
'MEDICAL ATTENTION IF [RRITATION DEVELOPS.

INHALATION IF DUST IS INHALED, MOVE TO FRESH AIR. [F BREATHING IS
DIFFICULT GIVE OXYGEN AND GET IMMEDIATE MEDICAL
ATIENTION.

INGESTION

RINK PLENTY OF WATER AND INDUCE VOMITING. GET
[EDICAL ATIENTION IF LARGE QUANTITIES WERE
INGESTED OR IF NAUSEA OCCURS, NEVER GIVE FLUIDS OR
INDUCE VOMITING IF THE PERSON IS UNCONSCIOUS OR
HAS CONVULSIONS,

SPECIAL NOTICE

ALL INFORMATION, RECOMMENDATIONS AND SUGGESTIONS APPEARING HEREIN CONCERNING THIS BRODUCT
ARE BASED UPON DATA OBTAINED FROM MANUFACTURER AND/OR RECOGNIZED TECHNICAL SOURCES:
HOWEVER, KINGSCOTE CHEMICALS MAKES NO WARRANTY, REPRESENTATION OR. GUARANTEE AS TO THE
ACCURACY, SUFFICIENCY OR COMPLETENESS OF THE MATERIAL SET FORTH HEREIN. IT IS THE USER'S
RESPONSIBILITY TO DETERMINE THE SAFETY, TOXICITY AND SUITABILITY OF EIS OWN USE, HANDLING, AND
DISPOSAL OF THE PRODUCT. ADDITIONAL PRODUCT LITERATURE MAY BE AVAILABLE UPON REQUEST. SINCE
ACTUAL USE BY OTHERS IS BEYOND OUR CONTROL, NO WARRANTY, EXPRESS OR IMPLIED, IS MADE BY
KINGSCOTE CHEMICALS AS TO THE EFFECTS OF SUCH USE, THE RESULTS TO BE OBTAINED OF. THE SAFETY AND
TOXICITY OF THE PRODUCT, NOR DOES KINGSCOTE CHEMICALS ASSUME ANY LIABILITY ARISING OUT OF USE
BY OTHERS OF THE PRODUCT REFERRED TO HEREIN. THE DATA IN THE MSDS RELATES ONLY TO SPECIFIC
MATERIAL DESIGNATED HEREIN AND DOES NOT RELATE TO USE IN COMBINATION WITH ANY OTHER MATERIAL
OR IN ANY PROCESS.

END OF MATERIAL SAFETY DATA SHEET
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MSDS PREPARATION INFORMATION

PREPARED BY: T. P. MULDOON
(937) 886-9100
DATE PREPARED: 1/1/08
PRODUCT INFORMATION
MAUNFACTURED BY: KINGSCOTE CHEMICALS

3334 5. TECH BLVD.
MIAMISBURG, OHIO 45342

CHEMICAL NAME __NOT APPLICABLE
"NOT APPLICABLE
XANTHENE DYE FORM
HAZARDOUS INGREDIENTS
DESCRIPTION % TL.V. CAS. #
TRIMELLITIC ACID 30 NONE 528-44.9
LD/50. SPECIES LC/50. SPECIES
ORAL (MOUSE) 2500 MG/KG NONE AVAILABLE
DERMAL (RABBIT) NOT AVAILABLE NOT AVAILABLE
PHYSICAL DATA
PHYSICAL STATE __LIQUID
ODOR AND APPEARANCE _ "DARK RED LIQUID WITH MILD ODOR

SPECIFIC GRAVITY ___
VAPOR DENSITY (mm Hg @ _NOT APPLICABLE

VAPOR DENSITY (AIR =1) __________ __..NOT APPLICABLE
EVAPORATION RATE (Butyl Acetate = 1) _NOT APPLICABLE

BOILING POINT ____ _~ 100 degrees. C (212 degrees. F)
FREEZING POINT _ .~ 10 degrees C (14 degrees F)
10.4TO 10.8

_VERY SOLUBLE

~1.15

FIRE HAZARD
CONDITION OF FLAMMABILITY _ ....NON-FLAMABLE
MEANS OF EXTINCTION ____ ..WATER FOG, CARBON DIOXIDE, DRY CHEMICAL, WEAR
SCBA

FLASH POINT AND METHOD | ....NOT APPLICABLE

UPPER FLAMABLE LIMIT ___ NOT APPLICABLE

LOWER FLAMABLE LIMIT ____ _NOT APPLICABLE

AUTO-IGNITION TEMPERATURE _NOT APPLICABLE

HAZARDOUS COMBUSTION PRODUCTS
UNUSUAL FIRE HAZARD

_BURNING MAY PRODUCE OXIDES OF CARBON & NITROGEN
"NOT APPLICABLE
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EXPLOSION HAZARD
SENSITIVITY TO STATIC DISCHARGE _.NOT APPLICABLE
__NOT APPLICABLE
REACTIVITY DATA
PRODUCT STABILITY oo STABLE
PRODUCT INCOMPATIBILITY __ .DONOT MIX WITH ACIDS
CONDITIONS OF REACTIVITY NOT APPLICABLE

HAZARDOUS DECOMPOSITION PRODUCTS ____ ....SEE HAZARDOUS COMBUSTION PRODUCTS

TOXICOLOGICAL PROPERTIES

SYMPTOMS OF OVER EXPOSURE FOR EACH POTENTIAL ROUTE OF ENTRY:

INHALLATION, ACUTE ___ TRIMELLITIC ACID MAY CAUSE IRRITATION

INHALATION, CHRONIC " NOT KNOWN

SKINCONTACT MAY BE IRRITATING TO THE SKIN. WILL CAUSE
TEMPORARY STAINING OF THE SKIN ON CONTACT.

EYE CONTACT oo MAY CAUSE IRRITATION

INGESTION _________ URINE MAY BE A RED COLOR UNTIL THE DYE HAS BEEN
WASHED THROUGH THE SYSTEM.

EFFECTS OF ACUTEEXPOSURE DIRECT CONTACT MAY CAUSE IRRITATION TO THE EYES,
SKIN, AND RESPIRATORY TRACT.

EFFECTS OF CHRONIC EXPOSURE _ __.NOT KNOWN

THRESHOLD OF LIMIT VALUE __NOT APPLICABLE

CARCINOGENICITY o NOT LISTED AS A KINOWN OR SUSPECTED CARCINOGEN BY
IARC, NTP OR OSHA.

TERATOGENICITY oo NONE KNOWN

MUTAGENICITY _ . oo CONFLICTING EVIDENCE AS TO MUTAGENICITY OF THE
DYE CONTAINED IN THIS PRODUCT.

TOXICOLOGY SYNERGISTIC PRODUCTS NONE KNOWN

REGULATORY INFORMATION

SARA SECTION 303:
SARA (311, 312) HAZARD CLAS
SARA (313) REPORTABLE CHEMI
METAL CONTENT: __________
TSCS INVENTORY STATUS.
CALIFORNIA PROPOSITION 6

TSCA SECTION 12 (B) EXPORT REGmATIOﬁS:

_...NONE FOUND
IMMEDIATE HEALTH HAZARD
NONE
_THIS PRODUCT IS NOT A METALLIZED DYE
“ALL COMPONENTS ARE INCLUDED ON TSCA SECTION 8
NONE
"NOT SUBJECT TO TSCA 12 (b) EXPORT REGULATION

ECOLOGICAL INFORMATION

ECOTOXICOLOGICAL INFORMATION: LC50: =320 mg/L RAINBOW TROUT (96 Hour)

LC50: 170 mg/L DAPHINA MAGNA

NO DEVELOPMENTAL ABNORMALITIES OR TOXICITY TO OYSTER LARVAE AT 100 mg/L
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PREVENTATIVE MEASURES

PERSONAL PROTECTIVE EQUIPMENT

RUBBER
_.NONE REQUIRED UNDER NORMAL CONDITIONS

EYE PROTECTION. _GOGGLES

CLOTHING " PROTECTIVE CLOTHING SHOULD BE WORN WHERE
CONTACT IS UNAVOIDABLE.

OTHER oo HAVE ACCESS TO EMERGENCY EYEWASH.

ENGINEERING CONTROLS NOT NECESSARY UNDER NORMAL CONDITIONS USE LOCAL
VENTILATION IF DUSTY CONDITIONS EXIST.

SPILL OR LEAK RESPONSE CONTAIN AND CLEAN UP SPILL IMMEDIATELY, PREVENT

FROM ENTERING FLOOR DRAINS. SWEEP POWDERS AND
PLACE IN WASTE DISPOSAL CONTAINER, FLUSH AFFECTED
AREA WITH WATER.

WASTE DISPOSAL —___ooooooeeeeeeeeeeeee INCINERATE OR REMOVE TO A SUITABLE SOLID WASTE
DISPOSAL SITE, DISPOSE OF ALL WASTES IN ACCORDANCE
WITH FEDERAL, STATE AND LOCAL REGULATIONS.

HANDELING PROCEDURES AND EQUIPMENT | _..NO SPECIAL REQUIREMENTS.

STORAGE REQUIREMENTS : _.STORE AT ROOM TEMPERATURE BUT ABOVE THE FREEZING
POINT OF WATER
SHIPPING INFORMATION ___ e KEEP FROM FREEZING
FIRST AID MEASURES

FIRST AID EMERGENGY PROCEDURES

EYE CONTACT oo FLUSH EYES WITH WATER FOR AT LEAST 15 MINUTES. GET
MEDICAL ATTENTION IF IRRITATION PERSISTS.

SKIN CONTACT o WASH SKIN THOROUGHLY WITH SOAP AND WATER. GET
MEDICAL ATTENTION IF IRRITATION DEVELOPS.

INHALATION IF DUST IS INHALED, MOVE TO FRESH AIR. IF BREATHING IS
DIFFICULT GIVE OXYGEN AND GET IMMEDIATE MEDICAL
ATTENTION.

INGESTION DRINK PLENTY OF WATER AND INDUCE VOMITING. GET

MEDICAL ATTENTION IF LARGE QUANTITIES WERE
INGESTED OR IF NAUSEA OCCURS. NEVER GIVE FLUIDS OR
INDUCE VOMITING IF THE PERSON IS UNCONSCIOUS OR
HAS CONVULSIONS.

SPECIAL NOTICE

ALL INFORMATION, RECOMMENDATIONS AND SUGGESTIONS APPEARING HEREIN CONCERNING THIS PRODUCT ARE BASED UPON DATA
OBTAINED FROM MANUFACTURER AND/OR RECOGNIZED TECHNICAL SOURCES; HOWEVER, KINGSCOTE CHEMICALS MAKES NO
WARRANTY, REPRESENTATION OR GUARANTEE AS TO THE ACCURACY, SUFFICIENCY OR COMPLETENESS OF THE MATERIAL SET FORTH
HEREIN. IT IS THE USER’S RESPONSIBILITY TO DETERMINE THE SAFETY, TOXICITY AND SUITABILITY OF HIS OWN USE, HANDLING, AND
DISPOSAL OF THE PRODUCT. ADDITIONAL PRODUCT LITERATURE MAY BE AVAILABLE UPON REQUEST. SINCE ACTUAL USE BY OTHERS IS
BEYOND OUR CONTROL, NO WARRANTY, EXPRESS OR IMPLIED, IS MADE BY KINGSCOTE CHEMICALS AS TO THE EFFECTS OF SUCH USE, THE
RESULTS TO BE OBTAINED OR THE SAFETY AND TOXICITY OF THE PRODUCT, NOR DOES KINGSCOTE CHEMICALS ASSUME ANY LIABILITY
ARISING OUT OF USE BY OTHERS OF THE PRODUCT REFERRED TO HEREIN. THE DATA IN THE MSDS RELATES ONLY TO SPECIFIC MATERTAL
DESIGNATED HEREIN AND DOES NOT RELATE TO USE IN COMBINATION WITH ANY OTHER MATERIAL OR IN ANY PROCESS.

END OF MATERIAL SAFETY DATA SHEET
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FLT YELLOW/GREEN PRODUCTS

DYES ===

Division of Kingscote Chemicals

TECHNICAL DATA BULLETIN

Bright Dyes Yellow Green products are specially formmilated versions of Xanthene dye, certified by
NSF International to ANSUNSF Standard 60 for use in drinking water. This dye is the traditional
fluorescent water tracing and leak detection material and has been vsed for labeling studies from
the beginning of the cennury. It may be detected visually, by UV light and by appropriate
fluoremerric equipment. Today it is most ofien used visually. This dye bas been wsed by the
military to mark downed pilts for search and rescue operations aver large water bodies. Visually
the dye appears yellow ereen. depending on ifs concentration and uader UV light as lime green.

Based on biochemical oxygen demand (BOD) studies, the dye is biodegradable with 63% of the
available oxygen consumed in 7 days. The dye is resistant to absorption on most suspended matter
in fresh and salt water. However, compared to Bight Dyes FWT Red products it is significantly
less resistant to degradation by sunlight and wwhen used in fluoremetry, stands out much less clearly
against background fuorescence. As always the suitability of these products for any specific
application should be evaluated by a qualified hydrologistor other industry professional.

Conersl Properier Tabler Tiguid: Powder:

Detectabilty of setive ingredient | Visual <100 ppb | Viswal <100 ppb | Visual <100 pgb

‘Maximun sborbance wavelength” | 490520 mm 450520 um. 390520

“Appearamce Orange comvex | Reddsch, brown Orange fine
Léom dimeter | aqueous solusion | powdar

S (M e Tovel i potable wate) | 6.0 p5b. 100556 L0psb.

Weight 135 zme =005

Dizsolution Tima * 50% - 3 miter 0% =3 mamar
95% < 6 miner 95% < 6 mue:

Specific Graviy 550G anC

Viscouy TSep

E §5-05a%C

Coverage of Products One Tabler One PintTiquid | One Pownd

Powder
Tight Vil 605 gallons 125000 gallon: | 1300.000 gallos:
Song View] 60 sallons 1250 galons | 120.000 alons

o Tese rodics o TaGen o g T alowed o come T Coaaetwi e . T e o lves od opges 5.
rcommended whes badlng 85 rodct, 5w ey e e chemical

o st kot e infomaion ad rcommendaons coninad e s accurte el Hower s normatin nd
O RS % A M R, RSSO, BESCHA 5 5 o1 Lo SRS S S
b mpid amances nd s o il e o Fpos,Cuomars e excoged o CoBet hl o s nd toead
Taeri iy s st sy Sers vt

1 izt water 100 sk Al el and coveng e ld will vy i specic wae ondns.
o signifanschange o Fericencebeween 2 1 11

(Ot b 1 £ o i i dmed w3 10 il sk

e on s Brockiil vt Mot V. UL s €0 7 ) 29 C

Kingscote Chemicals, 3334 S. Tech Bivd,, Miamisburg, Ohio 45342
Telephone: (937) 886-9100 Fax: (937) 886-9300 Web: www.brightdyes.com
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— 'WATER TRACING DYE
FWT RED PRODUCTS

DYES

Division of Kingscote Chemicals

8 0E e &

TECHNICAL DATA BULLETIN

Bright Dyes FWT Red products are specially formulated versions of Rhodamine WT dye for
convenient use in water tracing and leak detection studies. This bright, fluorescent red dye is
certified by NSF International to ANSUNSF Standard 60 for use in drinking water. It may be
detected visually, by ultraviolet light and by appropriate fluorometric equipment. Today it is most
often used visually. Visually the dye appeass bright pink to red, depending on ifs concentration and
under ultraviolet light as bright orange.

The dye is sesistant to absorption on most suspended mater in fresh and salt water. Compared fo
Bright Dyes FLT Yellow/Green products it is significantly more resistant to degradation by
sualight and when used in fluorometry. stands out much more clearly against background
fluorescence. As always the use and suitability of these products for any specific application should
‘be evaluated by a qualified hydrologist or other industry professional.

General Properties Tablets FWIRed 25 Liquid | Powders

‘Detectability of active izredient | Visual -100 ppb | Visual 100 ppb | Visual <100 ppb.

‘Maximum sbsorbance wavelength T | 550588 zm 550/588 mm 550/588 o

“Appearance Dok red conves | Clear dark 1ed Datk red fine
1.6cm dismeter | aqueous solution | powder

"NSF (Max use level i potable wate) | 03 ppb 08 ppb. 01 pob.

Weght 105 ams £ 0.05

Disolufion Time” 50%% 3 minutes 50% = 3 mimies
95% <6 minutes 95% < 6 mimtes

Specific Gravity T052005@25°C

Viscosity T3eps

PH 87:05@3°C

Coverage of Products One Tablet One Pint Liquid One Pound

Powder
Tight Visual 604 galons 31250 gallons | 604,000 gallons
Strong Visual 60 gallons 3125 gallons 60,400 gallons

oo Tose pofis oy e oo s g o lowed 0 com 7
econmenad hen bandling s prodct, 3 wih s o e or Chaical

e i, T e of gloves 3 goggles s

o cu bes vl o nfomstio s e cotnined e s et 1o il Howeve, s nfostios s
ou ecomapendations re Srished o war ey, apresenraco, dicemen o icnseof 1y kind mcluding b 0t it
e mplied wiranses s Ses for aprscular o ppose. Cusomars v encouraged o Coudc el ovn s ad o 1ed
el sty G shst el bt g

" Indntoad wate i 100 sk Acul dtecably ad corerage it Seld il ey il spacic s condiions.
2 No sgaifcan changs n orescece berween § ad 11 .

 (One bl 1 gram o powder, i Towing dfonszad e .10 galln k.

# Messwrad on s ronkfed viscometer, Model LV, UL adper, 6017m @ 5° C.
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Bulletin No. 103
Fluorescein

INTRODUCTION

Fluorescein was the first fluorescent dye used
for water tracing work' and is still used for
qualitative (visual) studies of underground
contamination of wells. In recent years,
Rhodamine WT has almost completely
replaced fluorescein for flow measurements?
and circulation, dispersion, and plume studies®.
Nonetheless, fluorescein has a role in such
studies, and can be used for masking,
hydraulic model studies, and underground water
studies.

ADVANTAGES

Fluorescein has the following advantages over
other tracer dyes:

+ |Its low sorption rate is far better than
Rhodamine B, and comparable to
Rhodamine WT.

¢+ It has a temperature coefficient of only
—0.36% per degree C, about one-eighth of
the temperature coefficient of rhodamine
dyes?*.

+ It emits a brilliant green fluorescence,
which gives an excellent visual or
photographic contrast against the
backgrounds normally encountered in water
transport studies. Therefore it is easy to
visualize the progress of an experiment.

¢+ |tis more aesthetic than the red dyes. This
is psychologically important, especially in
ocean areas subject to the blooms of
certain dinoflagellates, called “red tides.”
Less public resistance will be encountered
using a dye that does not resemble red
tide®.

DISADVANTAGES
Fluorescein has been replaced by other dyes,

principally Rhodamine WT, for the following
reasons:

+ |tis rapidly destroyed by sunlight.
Reference 4 reports that a 50% loss
occurred in three hours of sunlight
exposure, with dye being held in an
Erlenmeyer flask Other tests in an flat,
uncovered Pyrex dish showed an almost
complete destruction in two hours®.

+ Many naturally occurring fluorescent
materials have similar characteristics and
thus interfere with measurement. When
carefully chosen optical filters are used, the
situation is better than that reported in
Reference 4, but higher concentrations are
required to overcome the effect of higher
and more variable “blank” fluorescence.

¢ Fluorescein is more pH-sensitive than
rhodamine dyes. Fluorescence drops very
sharply at pH values below 5.5. For
optimum results, pH should be between 6
and 10.

MASKING TECHNIQUES

In river, harbor, and ocean tests, fluorescein
can be used to mask the objectionable color of
the rhodamine dyes. Tests show that
Fluorescein is an effective mask, subject to the
following conditions®:

+ The concentration of fluorescein should be
at least five times that of the active
ingredients in the Rhodamine B or
Rhodamine WT concentrate.

+ Where the receiving water is shallow, clear,
and in full sunlight, the dyes must be
dispersed quite rapidly. With slow
dispersion, the photosensitive fluorescein
will be destroyed before the masking effect
is complete.

+ Masking is subjective. Lower (hence less
costly) amounts of fluorescein may be
effective, depending on water clarity,
bottom color, wave action, etc. Small
scale addition of the mixed dyes to the
receiving water should be made in advance
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of a large scale test. This test should be
made on a bright sunny day, if possible.

+ Note that fluorescein is not the ingredient
measured. The optical filter and light source
in the fluorometer read only rhodamine
dye’.

HYDRAULIC MODEL STUDIES

Fluorescein may be used in hydraulic model
studies in exactly the same way that
Rhodamine WT is used (See Refs. 2 and 3 for
details).

The major advantage of using fluorescein is its
visibility; the green color can be seen as the
test proceeds. The major disadvantage is
fluorescein’s light sensitivity. It can be
destroyed by light entering the test area, both
from windows and from indoor lights, especially
fluorescent ones.

Containers used for dye destruction tests must
be transparent to light at shorter wavelengths.
Clear borosilicate glass baking pans are handy,
since they transmit light at shorter wavelengths
than window glass or the glass envelopes of
fluorescent lamps.

Test samples must be at low concentrations
(around 0.2 PPM) so that the fluorescein in the
bottom of the pan is not protected from the
incident light by absorption of the fluorescein in
the top of the pan.

In certain cases, deliberate destruction of the
fluorescein by sunlight may be a convenience
instead of a problem. Hydraulic models often
recycle water. With the very stable Rhodamine
WT, the concentration of dye in the entire
system will build up over a sequence of several
tests, requiring replacement of the water. If a
shallow holding tank can be placed outdoors,
the degradation of fluorescein by sunlight may
eliminate the need to replace the water.

UNDERGROUND WATER STUDIES

Fluorescein can be used quantitatively for
underground tests, subject to limitations
imposed by the higher background of naturally
occurring fluorescent materials.

An advantage of fluorescein in underground
studies is its light sensitivity. Should it reach an

open receiving body of water, the color will be
less of a problem because it will disappear
rapidly in the sunlight.

FILTER AND LIGHT SOURCE SELECTION

Using fluorescein, the following light sources
and filters are recommended (referenced part
numbers are specific to Turner Designs
products):

10-AU-005

Optical Kit 10-086
(Lamp and all filters are included in
this kit.)
Light Source 10-089 Blue Lamp

Reference 10-063
Excitation 10-105

Emission 10-109R-C

We have found that background fluorescence
can be very high in natural systems with the
fluorescein setup. In most cases, this
background should be adequately suppressed
using the 10-AU fluorometer. If, however,
background cannot be suppressed, a mask
(attenuator) may be added to the excitation
filter holder to reduce its diameter and the
amount of light scatter. Attenuation by a factor
of 5 can be obtained with the 10-318R
Attenuator Plate.

Fluorescein, known as “Acid Yellow 73", “Acid
Yellow T”, “DNC Yellow 7", etc., can be
obtained from the following sources (addresses
checked and confirmed June 1996):

Pylam Products
Company, Inc.

1001 Stewart Avenue
Garden City, NY 11530
516/222-1750

Tricon Colors, Inc.

16 Leliarts Lane
Elmwood Park, NJ 07407
201/794-3800

LISSAMINE FF

The properties of uses of Lissamine FF are
reported in Reference 9. Its spectral
characteristics are similar to those of
fluorescein, but it does not decompose as
rapidly in sunlight. Use the fluorescein filters
detailed above with Lissamine FF. Pylam
Products (address shown above) offers
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Lissamine FF as"Brilliant Acid Yellow 86" or
“Brilliant Sulphoflavine FFA"
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