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Presentation Notes
Good afternoon, and thank you for attending. Today, I’ll be discussing fluorescent dye tracing and how the technique can be used to inform mitigation by providing valuable information about groundwater behavior. 



WHAT IS DYE TRACING? 

A technique that can be used to investigate 
groundwater flow direction and velocity.

Provides a conceptual map of the subsurface 
plumbing system.

Useful since the extent of groundwater basins 
cannot be delineated from surface  
topography alone. 

Presenter
Presentation Notes
#1The science of dye tracing is a relatively simple, inexpensive way to derive information about sub-surface flow conditions. While not a mitigation tool itself, dye tracing can be used to derive valuable information to prioritize and select the most appropriate and effective type of mitigation response. #2: by tracing the path of water flow from a point on the surface, through the aquifer system, all the way to a resurgence point at a spring or base level stream.#3 Important since we typically cannot observe the direction or velocity of groundwater flow unless we happen to be in a cave with a stream or groundwater is visible from the surface at a karst window. 



HOW DOES DYE TRACING WORK?
Simple in theory: 
Tracer introduced at Point A is recovered at 
Point B = Points A & B are hydrologically 
connected.

Success of a trace relies on:
1. Identification and monitoring of 

potential resurgence locations.
2. Establishing background at monitoring 

sites.
3. Selection of an appropriate type and 

amount of fluorescent dye.

Presenter
Presentation Notes
 Comments:One of the first things we do after an initial site visit is conduct a hydrogeologic inventory of all potential injection and monitoring locations relevant to the study. We can choose a tracer based on review of existing background fluorescence at monitoring locations, and the hydrogeologic characteristics present on a site. Presence of background fluorescence in the range of a dye does not necessarily exclude it from use, we would just want to adjust the dosing to overcome the background by at least 10 ppb. Some dyes work better in turbulent flows over short distances, while other dyes perform well even in slow diffuse flow over great distances. The most important objective is to recover the dye, otherwise you cannot confirm or exclude hydrologic connection among any locations. 



Presenter
Presentation Notes
Multiple dyes can be used to evaluate connection of several injection points to resurgences.We commonly use 8 dyes, shown here. Dyes have unique fluorescence spectra that allow them to be distinguished from one another. There are many fluorescent products out there, these are the best-performing dyes in our experience. However, we have used other fluorescent tracers  or staggered injections on projects where the number of injection locations or existing background fluorescence exclude the use of our 8 typical tracers. 



Presenter
Presentation Notes
In Kentucky, we often discuss groundwater behavior in the context of karst because this type of geologic setting is prevalent, as shown in this map.  The extensive karst development results in:Increased groundwater vulnerability.Decoupling of surface and subsurface drainage systems.
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Presentation Notes
So again, you can see in this familiar block diagram that surface drainage is decoupled from groundwater basins enabling communication between the basins as determined from surface topography via movement through solutional features in limestone. Here, groundwater is vulnerable to contamination because unlike other environments, where water is filtered by overlaying rock and soil as it slowly infiltrates from the surface karst features like sinkholes, swallets, and cave streams enable rapid infiltration of relatively unfiltered runoff.Secondary porosity contributed by large and sometimes extensive cave passages enable contaminants entering the aquifer to be transported great distances quickly. 



MAMMOTH CAVE BIOSPHERE REGION 
GROUNDWATER HAZARD MAP

History: 
Highway I-65 and the CSX railroad pass through the 
groundwater recharge area of Mammoth Cave 
National Park (MCNP).  

Hazardous waste spills along this major 
transportation corridor pose a threat to 
groundwater quality and sensitive aquatic biota in 
MCNP. 

Presenter
Presentation Notes
Previous spills had resulted in massive releases of fuel spilled directly onto the ground surface.   The lost fuel was never recovered due to rapid infiltration into the karst system, where it would have traveled north the MCNP to discharge at springs along the Green River. 



MAMMOTH CAVE BIOSPHERE REGION 
GROUNDWATER HAZARD MAP

Objective: 
Efficiently contain and mitigate the effects of similar 
events which could pose a threat to groundwater and 
associated natural resources found in MCNP. 

Presenter
Presentation Notes
This involved delineating areas along I-65 and the CSX Railroad where spills of hazardous or other materials could reach MCNP via groundwater transport. 





MAMMOTH CAVE BIOSPHERE REGION 
GROUNDWATER HAZARD MAP

Outcomes: 

The map shows the locations of sinkholes, ditches, and drains along I-65 and 
the CSX railroad and has been used to determine the best placement for 
containment structures after hazardous material spills.

Many of these features were used as dye injection locations. The results of this 
tracing connected the surface drainage to the subsurface plumbing network, 
indicating groundwater movement in the vicinity flows north towards springs along 
the Green River. 



MAMMOTH CAVE BIOSPHERE REGION 
GROUNDWATER HAZARD MAP

• Dye trace results combined 
with other data gathered 
during the project provided 
basis for implementing The 
Kentucky Transportation 
Cabinet Karst Policy to 
provide specific guidelines 
for roadway construction 
and hazardous spill controls 
in karst areas. 

Presenter
Presentation Notes
Excerpt from KTC Karst Policy: BMPS include use of grass swales in ditches seeded at a rate of 5 lbs/1000 ft2, use of interceptor ditches to minimize amount of off site water from adding to run-off volume carried by swales, use of containment basins to temporarily impound run-off from the swales before discharging water to right-of-way, and maintenance/restoration of swales and basins to ensure functionality. 

https://transportation.ky.gov/Highway-Design/Memos/Design%2012-05.pdf
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Presentation Notes
Insert dye tracing map of MACA.  We are still dye tracing in MCNP! The extensive nature of the cave system combined with the need for infrastructure like sewers and parking lots results in an on-going effort to understand and protect the subsurface drainage and the rich resources it supports.  Once contaminants enter this massive system extraction and recovery become extremely difficult if not impossible because of the sheer scale of the caves. Here, mitigation involves prevention since remediation can pose great challenges.  



TOWN CREEK GREENWAY UST 
INVESTIGATION GALLATIN, TN

History: 
In 2018, community members reported the presence of strong fumes 
emanating from water issuing at the surface at private residences and along 
the Town Creek Greenways Trail in Gallatin, TN. 

Tennessee Dept. of Environmental Conservation (TDEC) conducted sampling 
at the impacted locations and found evidence of petroleum contamination. 
A list of potential sources was compiled based on current and inactive UST 
locations in the vicinity. 

Presenter
Presentation Notes
Now let’s discuss an example of how dye tracing supported mitigation efforts to remediate contaminated groundwater and property in Gallatin, TN. 
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Presentation Notes
Urbanization, Storm water drains, utility lines, and re-routing of natural surface flow. Ordovician shales and carbonates, primarily limestones. Primary permeability and porosity is low among these units, so groundwater movement occurs in secondary solution openings, and along bedding places, joints and fractures.
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Presentation Notes
The fumes were so strong at this house that during our initial site visit, CHL crew could hardly exit our vehicles.  Some almost immediately experienced acute physical symptoms include headache and nausea. 



TOWN CREEK GREENWAY UST 
INVESTIGATION GALLATIN, TN

Objectives: 
CHL was contracted to determine if groundwater flow from potential source 
locations traveled to the impacted locations to inform operator responsibility 
and focus remediation efforts. 

Presenter
Presentation Notes
Maybe simplify this graphically and verbalized the actual process.  For phase 2: New dyes were selected based on a second background fluorescence study. 



TOWN CREEK GREENWAY UST 
INVESTIGATION GALLATIN, TN

Phase 1 (2019)

Two facilities were identified for tracing based on 
geologic characteristics, well logs, potentiometric 
surface, and other additional hydrogeologic data. 

Unique fluorescent dyes were injected into 
monitoring wells at these locations. 



Eosine – Petro Plus
19 days post-injection
Minimum 143 feet/day 
(44 meters/day)

Rhodamine WT –
Gallatin Mkt.
6 days post-injection, 
Minimum 834 feet 
/day (254 meters/day)

PHASE 1 RESULTS

Presenter
Presentation Notes
Outcomes: Phase 1 tracer results indicated hydrologic connection from the Gallatin Market and Deli property northwest to the impacted seeps. Groundwater movement from the Petro Plus property exhibited flow in the southwest direction toward an unnamed tributary of Town Creek. 



TOWN CREEK GREENWAY UST 
INVESTIGATION GALLATIN, TN

Phase 2 (2020)

1. Multiple well elevations at Petro Plus and three additional 
UST facilities were evaluated as potential sources based on 
hydrologic connection to the impacted seeps. 

2. Upgradient wells were evaluated as candidates for 
introduction of BOS 200® petroleum hydrocarbon 
remediation technology. 

3. Hydrologic monitoring was conducted along Town Creek 
adjacent to the Greenways Trail to inform the amounts of 
BOS needed to effectively remediate petroleum 
hydrocarbons. 

Presenter
Presentation Notes
In order to test the upper elevation intervals identified at 540-545’ in IP-14, the well was grouted to an elevation of 533.35’ to effectively close off communication to the lower aquifer. 



PHASE 2 RESULTS

Eosine upper 
level– Petro Plus
7 days post-
injection

Sulphorhodamine
B –L&R Market
5 days post-
injection

Presenter
Presentation Notes
Phase 2 tracer results again excluded Petro Plus as a potential source of petroleum contamination at the study site from both upper and lower aquifer tracing.An additional UST facility with hydrologic movement northwest was identified in connection to the impacted seeps, Revealed RWT from 2019 tracing at Gallatin Market and Deli continued to be recovered at impacted seeps. Note that these are inferred flowpaths and the exact flow path to each monitoring point as well as locations of bifurcation are unknown (where geophysical investigations associated with the project became important). 



REMEDIATION 
EFFICACY TESTING 

RESULTS

Red 3 IP-20
4 days post-injection

Tinopal CBS-X IP-2
Not recovered

Presenter
Presentation Notes
testing at upgradient wells indicated IP-20 was the most suitable candidate for introduction of remediation materials based on well acceptance rates and direct hydrologic connection to the impacted seeps. The fact that Tinopal was not recovered can be explained by: 1) dye slowly moving out of the well at concentrations below detection limits, the most likely scenario, 2) Tinopal following zones or groundwater pathways of higher hydraulic conductivity at elevations below that of the impacted seeps, 3) interference in water movement at the appropriate elevation due to well casing construction, 4) an insufficient volume of flush water to move the dye from the well into the aquifer system, or 5) less direct or turbulent flow conditions than expected between the well and the impacted seeps, allowing Tinopal to settle to the bottom of the well. 



TOWN CREEK GREENWAY UST 
INVESTIGATION GALLATIN, TN
Outcomes: 

1. Reconstruction and channeling of flow issuing 
from boils in residential yard affected by 
petroleum fumes. 

2. Interpretative signage posted along the Town 
Creek Greenways Trail to educate the 
community about karst environments and their 
vulnerability to contamination. 

3. Introduction of Bos 200 ® Trap and Treat® 
petroleum hydrocarbon remediation 
technology at IP-20.
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Here are a few images of the progress and finished product of the remediation carried out by TDEC (TN DEP of Environment and Conservation). 



DAM SAFETY AND RISK 
ASSESSMENTS IN KARST

History: 
Dams constructed on soluble 
bedrock face several issues related 
to function and structural stability. 
These concerns motivate the need 
for dye trace investigations to 
evaluate the face, abutments, and 
cutoff walls of dams for defects 
related to karst foundations.

In 2008, USACE classified all dams on 
karst foundations as having an
extremely high risk of failure. 

Presenter
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 Comments: Defects including leaks caused to structural settling, or by-pass/circumventions via solutional piping in limestone. These issues can result in difficulty/inability to maintain pool stage (problematic for navigational waters and drinking water reservoirs), and structural weakness/failure (causing flooding, damage to other infrastructure, and risks to human health and safety). 



PATOKA DAM JASPER, IN
Objective: 
Evaluate the function and geometry of the local 
karst network that could potentially affect the 
integrity of the dam and/or dike structures.

Groundwater flow investigation: 
• multiple fluorescent tracer tests
• analysis of water-table elevations
• isopach mapping of the Glen Dean Limestone
• spring hydrograph analysis

Presenter
Presentation Notes
Patoka Dam in southern Indiana represents a case where karst processes may impact the integrity and overall safety of the dam. Through hydrogeologic investigations, conditions can be better understood and risk assessment improved. In response, CHL conducted a groundwater flow investigation to better understand local groundwater hydrology in the vicinity of the existing water-control structures. 
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Water leakage, from a water storage standpoint, is not the primary concern, but rather the identification of potential seepage pathways for internal erosion of unconsolidated dam materials.The results of this type of study could provide information to inform the choice of target areas for more intrusive and expensive investigations, such as monitoring wells or borings. The ability to prioritize and targetareas for additional investigation may likely not only save time and money but ultimately promote better risk assessment and dam safety management. This, in turn, may reduce the risk of catastrophic failure, with the potential to save human lives and millions of dollars in damages, as well as allowing the dam to continue to provide flood control, recreation, and stimulus to the local economy.
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Since groundwater and sediment flowing through the conduit system leading to a relatively large spring just downstream of Patoka Dam, known as Robert Hall Cave Spring (RHCS), could potentially impact the integrity of the water-control structures associated with the dam, an effort to delineate the RHCS recharge area was undertaken to better inform dam risk assessment.



PATOKA DAM JASPER, IN

Outcomes: 

Dye-tracing results identified the local 
flow direction as south to north and 
the mean dye travel time from 
injection locations to Robert Hall 
Cave Spring (RHCS) as 8-11 feet per 
hour. 

Presenter
Presentation Notes
These results also indicate that groundwater is bypassing the control structures in the vicinity of the cut-off wall, but the geometry of these flow paths was not clear. 



• The recharge area for RHCS was 
delineated and the existence of a 
groundwater divide in the area of 
the dike was confirmed. 

• The location of groundwater-basin 
boundary follows the Glen Dean 
Limestone outcrops along the 
perimeter of the dissected ridge 
that lies between Patoka Lake and 
RHCS. 

PATOKA DAM JASPER, IN



PATOKA DAM JASPER, IN

Overall, the dam and associated 
features appeared to be functioning 
rather well, with some decrease of 
efficacy during high pool stages. 

Patoka Dam’s probability of failure score 
was down-graded and the structure was 
deemed safer than previously assessed 
following this investigation. 



www.dyetracing.com

crawford.hydrology@wku.edu

Crawford Hydrology Lab
1906 College Heights Blvd. 
Bowling Green, KY 42101

(270) 745-9224

Presenter
Presentation Notes
Thank you for your time today. Hopefully, you’ve gained some insight into a few ways that dye tracing can be used to support mitigation. There are numerous other applications, such as landfill leachate containment and expansion, tracing to inform how groundwater movement influences the rate of landslide progression, storm water management and more! If you are curious how dye tracing could be applied to your project, please contact CHL!

http://www.dyetracing.com/
mailto:crawford.hydrology@wku.edu
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