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Abstract: 
 
 The Waste Management landfill for Northwest Arkansas is located in Benton and 
Washington counties.  Underneath the landfill is a karst environment.  It is because of 
this environment that a dye-trace test is needed to better understand the direction of 
groundwater flow in the area.  Northwest Arkansas gets it water supply from two aquifers 
within the area.  The dye-trace test looks at the flow conditions and direction of flow 
within the shallower aquifer of the region, the Springfield Aquifer.  This aquifer is 
characterized by its secondary porosity and calcium carbonate composition.  The 
measurement the concentrations of dye and the travel time of the dye tell where the dye is 
traveling and the interconnectivity of the flow conduits.  There were dyes hits of previous 
dye tracers that registered on this analysis from previous dye tests indicating that the 
groundwater fluxes have not sufficiently flushed the conduits.  This dye-trace test shows 
that the water is flowing predominantly in a South to East direction from the injection 
wells and the travel times to the various wells indicate the interconnectivity of the wells 
during low flow conditions. 
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Introduction: 

The Waste Management landfill for Northwest Arkansas is located between 

Benton and Washington counties; about 2 miles away from Tontitown (see Figure 1).  

The landfill overlies a region of immature karst and is covered by a regolith (Brahana, J. 

2005).  It is because of the immature karst environment that a dye-trace test is needed to 

better understand where the groundwater is flowing.  There are two major aquifers within 

the region, the shallow aquifer and the deep aquifer.  This study focuses on the 

groundwater movement in the shallow aquifer.  This aquifer is the Springfield aquifer 

which is named after the Plateau of the Ozark Mountains that underlies the area.  

Much of the previous work that has been done in this area has been done by 

Waste Management.  This is because Waste Management owns the land and the landfill 

which overlie the study area.  Therefore, much of the recent research has focused on the 

proposed expansion of the Tontitown Landfill.  In 2001, there was a dye injection of 

Sulphorhodamine B which was tested for and was found during the analysis of the 

current dye trace test (Brahana, J. and McCullough, D. 2006).  Another dye trace test was 

done in the landfill property by Ogden in 2004 (Ogden, A. 2004).  This time the dye used 

was Tinopal CBS-X, which was also tested and found during the current analysis.  All 

dye concentrations were measured in parts per billion (ppb).  These two previous dye 

traces helped to focus this current dye trace by showing where the dye might travel and 

good places to place bugs to measure the dye. 

This dye trace test is part of a larger study to determine the feasibility of the 

expansion of the Class 1 landfill.  Dye tracing is used tell the direction of water flow and 

the travel time of the dye to the surrounding wells.  The directionality of the flow helps to  



Figure 1 .    A map showing the area where my study was conducted 
as well as the location of the sample wells.  Modified from Base 
Camp Leasing 2006 and J.V. Brahana 2005 Dye Report Test.
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detail the groundwater basin boundaries.  Also, knowing where the water is flowing 

during low flow conditions will tell where possible contaminants will flow during similar 

conditions.  Also, travel times will help give an idea of how long it will take for 

contaminants to flow to the wells as well as a relative amount of water flowing through 

the different conduits within the karst.   

 The dye trace will show that the water is moving predominantly to the south, east, 

and southeast of the injection wells.  This flow direction is only true for the flow 

conditions when the dye test was performed due to the fact that this area is a karst 

environment.  In this case, the condition is low flow.  Also, the differences in travel times 

will indicate which conduits are preferred and therefore what directions are favored 

during low flow conditions.  This study along with the previous dye traces will provide 

further details to the groundwater flow during various flow conditions. 

 

Landfill Background: 

The area of study is located underneath a landfill that is owned and operated by 

Waste Management.  The main contaminant of concern is leachate which is produced 

when water moves through decomposing waste.  The Tontitown Landfill accepts non-

hazardous household, commercial and industrial waste (Class 1) and construction and 

demolition debris and non-contaminated soils (Class 4) (Tontitown Landfill, 2004).  

The landfill also has a double composite liner system to prevent contamination of 

the groundwater (see Figure 2).  The liner system is composed of multiple series of clay 

layers and high-density polyethylene (HDPE) geotexiles that surround filtration and gas 

recovery systems (Tontitown Landfill, 2004).  The double liner regulations were  



Figure 2.  A double composite Liner system used at Waste 
Management’s Tontitown Landfill in Arkansas, from 
http://tontitown.wm.com/controls/liner_system.asp
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specifically designed for the landfill located within the Boone and St. Joe formations by 

the Arkansas Department of Environmental Quality (ADEQ) and the Tri-County Solid 

Waste District (Tontitown Landfill, 2005).  

 

Geologic Background: 

 The basement rock of this area is part of the Ozark dome which is a cratonic uplift 

of Precambrian granite (Geosyntec Consultants, 2002).  The dome rises to the north of 

the area into Missouri.  The Ozark dome is broken down into three main components that 

dip radially away from this uplift (Geosyntec Consultants, 2002).  These components are 

the Salem Plateau to the north, the Springfield Plateau, and the Boston Mountains to the 

south.  Lower Mississippian limestone and chert of the Boone Formation cap the 

Springfield Plateau in this area (Manger, W. and Lloyd, J. 2005).  There is only an 

infrequent representation of Silurian and Devonian rocks around this area.  In most of the 

region, the Boone Formation lies unconformably on Ordovician rocks.  This plateau is 

heavily dissected by stream erosion of the Pleistocene glacial period.  Also, there are two 

main faults near the area that could complicate the groundwater movement (see Figure 3).   

 This region is characterized as an immature karst system with a regolith cover.  

Immature karst is a karst system that has not fully developed the surface features 

typically associated with karst (Brahana, J. 2005).  Immature karst is marked by the lack 

of sinkholes, dolines, karst windows, springs, caves, disappearing streams, and a low, flat 

watertable that are characteristic of a karst terrain.  These features are present within the 

study area but are rare or underdeveloped.  An example is one sinkhole occurring every 

100 square miles (Adamski, J. et al. 1995).  The lack of these features does slow the  



Figure 3.  A map of Northwest Arkansas showing the major faults within the 
region.  Also, the maps shows the approximate location of the study area in 
Benton and Washington counties.  Modified from J.V. Brahana’s Power Point 
titled Development of a long-term, interdisciplinary karst research station-
-The Savoy Experimental Watershed, 2005.
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water infiltration into groundwater system but not the groundwater flows once it reaches 

the system.  Also, this region has epikarst (karst terrain exposed at the surface) which is 

seen in the Northern part of the study area.   

The Springfield Plateau is covered by loose incoherent rock material called 

regolith.  This regolith tends to be comprised of rock waste of all sorts such as volcanic 

ash, glacial drift, alluvium, windblown deposits, organic accumulations, and soil 

(Manger, W. and Lloyd, J. 2005).  In Northwest Arkansas, the regolith is formed by 

residual downward weathering of the cherty limestone (see Figure 4).  The regolith is 

characterized by red, clay-rich, chert-bearing insoluble materials from the solutioning of 

the Boone Formation (Geosyntec Consultants, 2002).  The regolith comprises of a clay 

matrix with chert gravel.  It is greater than 50% clay by volume while the chert gravel is 

angular with crude sorting that fines upward (Geosyntec Consultants, 2002).  The cover 

of the regolith is thickest along divides and upland areas and thin in valleys where it has 

been removed by erosion (Geosyntec Consultants, 2002). 

 Underneath the regolith cover lays the Boone Formation (Brahana, J. 2005).  In 

this region the Boone Formation is thick (125 meters in some areas) (Manger, W. and 

Lloyd, J. 2005).  It is composed of limestone interbedded with chert nodules and chert 

beds (see Figure 5).  The nodules and beds are two types of chert development within the 

Boone Formation.  The dark, anastomosing, chert nodules are an attribute of the lower 

Boone (Manger, W. and Lloyd, J. 2005).  This chert “disrupts the carbonates and develop 

drape[s] of carbonate laminae” (Manger, W. and Lloyd, J. 2005).  While lighter colored 

chert that follow bedding is characteristic of the upper Boone Formation.  The darker 

chert represents the maximum transgression of the ocean into Arkansas (Geosyntec  
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Figure 5.  Pictures of the characteristic regolith and Boone Formation on the 
landfill property.  Figure 5a  shows the regolith cover transitioning into the Boone 
Formation where the red, upper portion is the regolith cover and the whiter, lower 
portion is the upper Boone Formation .  Figure 5b shows a bed of chert which is 
characteristic of the upper Boone Formation.
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Consultants, 2002).  The lower Boone is formed in deep water near carbonate 

compensations depths and below the effective wave base (Geosyntec Consultants, 2002).  

The lack of karst features within the upper and parts of the lower formation is because of 

the chert layers and nodules within the limestone.   

The St. Joe limestone lies at the base of the Boone.  St. Joe is the chert-free 

portion of the Boone Formation (see Figure 4).  St. Joe is approximately 10 meters thick 

of pure limestone at the base of the Boone Formation. The appearance of dark, persistent, 

anastomosing, penecontemporaneous chert and a lithology change from crinozaon 

packstones to carbonate mudstones is the contact between the Boone Formation and the 

St. Joe limestone (Manger, W. and Lloyd, J. 2005).  This lithology change is usually 

marked by a thin, calcareous shale layer (Manger, W. and Lloyd, J. 2005).  However, the 

St. Joe-Boone contact does not represent of biostratigraphic break which is why the 

Boone and St. Joe are still considered part of the same formation (Manger, W. and Lloyd, 

J. 2005). 

The Chattanooga shale underlies the St. Joe limestone in this region.  This 

formation consists of characteristically fissile, black shale that lacks fossils (see Figure 

4).  The shale content ranges from 10 to 100 percent in this area (Adamski, J. et al. 1995). 

However, this shale does have a relatively high concentration of trace elements 

(Geosyntec Consultants, 2002).  The Chattanooga thins eastward towards eastern 

Arkansas and thickens westward into Oklahoma.  The shale ranges from 5 to 8 meters 

thick with Northwest Arkansas (Adamski, J. et al. 1995).  In this area the Chattanooga 

shale is mainly Upper Devonian except in southwestern Washington County where the 

top interval is Lower Mississippian in age (Manger, W. and Lloyd, J. 2005).  
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Hydrogeologic Background: 

Northwest Arkansas gets it water from two aquifers beneath the area (Brahana, J. 

2005). The shallow aquifer, the Springfield aquifer, is composed of the Boone Limestone 

and the St. Joe Limestone.  The underlying confining layer for this shallow aquifer is the 

Chattanooga Shale.  The Chattanooga is a leaky confining bed that allows for mixing 

between itself and the deeper aquifer (the Ozark Aquifer) of the region (Brahana, J. 

2005).  The deeper aquifer is under artesian conditions due to the upper confining layer, 

the Chattanooga Shale.  Both aquifers in the region are recharged from rainwater where 

they outcrop in areas where they are unconfined (Adamski, J. et al. 1995).  When the 

aquifers are confined, they are recharged by lateral movement of groundwater from 

higher altitudes where the formations outcrop (Adamski, J. et al. 1995).  Also, the deeper 

aquifer is recharged by seepage from the Springfield aquifer.   

Unlike in the Springfield aquifer, there are disappearing streams and sinkholes in 

abundance in the area where the Ozark aquifer is unconfined (see Figure 6).  This implies 

dissolution of the rocks by secondary porosity in the Ozark aquifer is greater than in the 

Springfield aquifer (Adamski, J. et al. 1995).  Also, the rocks of the Ozark aquifer are 

primarily dolomite while the Springfield aquifer is composed primarily of calcite.  The 

deep aquifer is used for domestic and industrial needs due to its high yield, 3.2 to 6.3 

liters per second (Adamski, J. et al. 1995).   

The Springfield aquifer is recharged mainly from rainwater that filters down 

through the regolith into the Boone formation (see Figure 7).  It is also recharged from 

rainwater and seepage where it outcrops in the Western Interior Plains (Baker, J. and 

Leonard, R. 1995).  The potentiometric surface of the unconfined aquifer generally  



Figure 6.  These photos show two typical indicators of a karst 
environment in Northwest Arkansas.  Figure 6a is of a disappear-
ing stream while Figure 6b is of a sinkhole.  Both indicate that 
there is a karst environment underlying the soil.  After J.V. 
Brahana’s Power Point, Arkansas Geology Winter, 2004.
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Figure 7.  A conceptual model of karst within the Springfield Aquifer.  This picture 
shows the different ways water can be moved through the formation.   The black areas 
are the chert layers and nodules with the Boone Formation.This figure is not to scale.   
Modified from J.V. Brahana Power Point, Factors Affecting Recharge to Springs in Karst 
Terrains, 2005.
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mimics the overlying topography (Brahana, J. 2005).  This aquifer is characterized by a 

high secondary porosity and relatively high permeability (Adamski, J. et al. 1995).  The 

chemical composition of the aquifer is anisotropic and heterogeneous.  It is also has a 

high concentration of calcium bicarbonate (Baker, J. and Leonard, R. 1995). The average 

horizontal hydraulic conductivity is 6.7 meters per day (Adamski, J. et al.  

1995).  The transmissivity of the aquifer is from 518 m²/day to 2440 m²/day and the 

transmissivity increases with aquifer thickness (Adamski, J. et al. 1995).  The yield is less 

than 1.26 liters per second (Adamski, J. et al. 1995). It is because of the low yield that 

this aquifer is primarily used for domestic water supply and to water livestock.    

Water movement within karst moves through solution enlarged conduits.  This 

means that groundwater flow through karst systems moves differently from any other 

rock and even from other karst systems.  Karst develops in carbonate rocks, evaporates, 

and even gypsum.  These rocks are more soluble then granite and most volcanic rocks.  It 

is because carbonates are more soluble that solution channels and surface fractures are 

formed.  These channels and fractures lead to direct passageways to the aquifer (Leidy, 

V. and Morris, E. 1990).  These secondary features develop in planes of weakness with in 

the rocks such as bedding planes, fractures, or faults (Fetter, C. 2001).  This means that 

the water moving through the system is highly localized and the transport time of that 

water to springs is quicker compared to other rock types.  Also, “the rate of solution is a 

function of the amount of ground water moving through the system and the degree of 

saturation, but is independent of the velocity of the flow” (Fetter, C. 2001). Therefore, the 

size of these secondary features is dependent on the amount of water moving through the 

channels and fractures (see Figure 7).   Normally, karst aquifers do not mimic the surface 
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topography but because the karst is immature in this area, the water table generally 

mimics the regional and local topography (Geosyntec Consultants, 2002). 

 

Methods: 

Before the dye was injected into the system, bugs were placed in the ground 

monitoring wells around the landfill.  These bugs were composed small activated 

charcoal flakes in a mesh packet.  This charcoal was made from coconut shells and the 

mesh packets are made of a fiberglass screen.  These bugs were submerged completely in 

the water near the base of the well or at the discharge point of the spring.  The bugs were 

held in place by weighted bailers and polyethylene secure ties.  They were used to get the 

background levels of dye in the water, as well as measure the quantities of dye in the 

system while performing the dye-tracing test.  The bugs were left in the wells for 1 day, 3 

days, 7 days, and 4 days (Table 1) to collect background fluorescence for these wells.  

Based on the background concentrations of the fluorescence measured and wanting to 

differentiate this test from previous dye tracing tests, fluorescein was selected as the best 

option for this dye-tracing test. 

The fluorescein dye was injected into a ground monitoring well on the waste 

management property by pouring it into the wells.  The dye was prepared in leak proof 

containers by the Crawford Hydrology Lab; approximately 3.6 kilograms of dye 

dissolved in 38 liters of water were added to the injection wells by a funnel.  The wells 

EB-13 and EB-18 where chosen as the injection wells because previous dye-tracing in the 

area showed the two wells were hydraulically connected (see Figure 1).  The area 

surrounding the injection wells were covered in plastic to prevent dye contamination into 
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Table 1. Summary of Dye Tracing Test. 
  
Date Sampled   Days bugs  Days after Comments 
Collected  in Well  Dye Injection 
 
October 28, 2005 1  -7    
October 31, 2005 3  -5 
November 3, 2005 7  -4  
 
November 7, 2005 4  0  Dye injected into wells EB-13 and  

EB-18 with an additional 19000 
liters of water into EB-13 and 2300 
liters into EB-18; All wells sampled 
 

November 8, 2005 1  1  LGW-1 through LGW-10 sampled 
 
November 9, 2005 1  2  LGW-1 through LGW-10 sampled 
 
November 10, 2005 2  3  LGW-1 through LGW-10 sampled 
 
November 11, 2005 3  4   LGW-1 through LGW-10 sampled 
 
November 14, 2005 3  7  LGW-1 through LGW-10 sampled;  

LGW-4 
 

November 17, 2005 3  10  LGW-1 through LGW-10 sampled;  
LGW-5 
 

November 23, 2005 6  16  All wells sampled; LGW-4, EB-14  
and EB-11 
 

November 29, 2005 6  22  All wells sampled; LGW-4 and MW- 
7N; An additional 75700 liters of 
water added over 4 days to EB-18 
 

December 7, 2005 8  30  All wells sampled; LGW-7 and EB- 
14  
 

December 10, 2005 3  33  All wells sampled; LGW-7, EB-14  
and EB-11 
 

January 3, 2005 24  56  All wells sampled; EB-14 and NE-5 
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the groundwater in case of spills.  After the dye was added, 19000 liters of water was 

added to well EB-13 to move the dye within the aquifer because of the low flow 

conditions.  Well EB-18 had 2270 liters of water added after the dye injection.  Over a 

four day period starting on November 29, a supplementary 75700 liters (19000 liters each 

day) were added to well EB-18.  When the groundwater came into contact with the 

activated charcoal, the dye was absorbed into the bugs.  These bugs stayed in the well 

anywhere from less than a day to more than four weeks.   The frequency of the bugs’ 

collections is shown in Table 1.   

Along with the traps a 10 milliliter (mL) sample of groundwater was collected in 

a glass tube which was sealed and placed into a Ziploc bag for testing.  Every time a bug 

was collected, a new pair of disposable gloves was used.  This is to insure no cross 

contamination between the different samples.  After each sampling event, the bugs and 

groundwater were shipped overnight to the Crawford Hydrology Lab, Bowling Green, 

Kentucky (Brahana, J. and McCullough, D. 2006). This lab eluted the samples and 

analyzed each bug for the presence of dye.  The lab used a spectrofluorophotometer to 

detect the presence and amount of dye within the samples. 

 

Results: 

 The spectrofluorophotometer analysis done by Crawford Hydrology Lab of the 

activated charcoal bugs shows two positive hits for two wells.  A positive hit is 

determined by “two consecutive hits over ten times the initial background levels” 

(Brahana, J. and McCullough, D. 2006).  However, there were some wells that did not 

quite reach this threshold but were included because there was an obvious increase in dye  
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concentrations within these wells (see Table 2).  The first well, LGW-4, had a positive hit 

on November 14 which is 7 days after the dye injection of well EB-13 (11/7/05).  The 

next sampling (the 17th) event only showed a background amount of dye while the 

November 23rd sample again had a positive dye hit.  The November 29th sample (the next 

sample taken after the 23rd) also had a positive dye trace hit.  The distance between EB-

13 and LGW-4 is 183 meters.  The velocity of groundwater moving through the system in 

these conditions (plus the addition of 19000 liters of water) is approximately 26 meters 

per day to the east (see Table 3 for travel times to wells with positive dye hits). 

 The other well, LGW-7, had two consecutive positive hits on December 7th and 

December 10th.  The positive hit at well LGW-7 came 30 days after the dye injection of 

well EB-18 (11/7/05).  The distance between EB-18 and LGW-7 is 61 meters making the 

velocity of the ground water 2.13 meters per day and traveling to the southeast.  After the 

addition of the 75700 liters of water on November 29th, the velocity is 8.5 meters per day.  

Also, well EB-11 had a positive dye hit on November 23rd, 16 days after the dye trace.  

However, unlike LGW-4 and LGW-7, this well did not have a second hit immediately 

following the initial dye hit.  EB-11 had a possible second positive hit on December 10th, 

33 days after the dye injection and 17 days after the first positive dye hit.  The distance 

between EB-13 and EB-11 is approximately 183 meters.  The velocity of the groundwater 

in between EB-13 and EB-11 is 11.3 meters per day to the south.  Lastly, there was a 

positive hit at LGW-5, LGW-2, MW-7N, NE-5 that was slightly higher than the 

background sampled but with no second positive sample hit it is unclear if this is a true 

positive sample. 
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Table 2. Summary of Dye Detected and Dye Concentration Levels. 
  
Well Number   Dye    Background  Highest  
   Detected  Concentration  Concentration (ppb) 
      Part per billion (ppb)  
LGW-1  Fluorescein  0.009   0.032    
    
LGW-2  Fluorescein  0.010   0.098    
   Tinopal CBS-X 0.174 
 
LGW-3  Flourescein  0.005   0.024 
   Tinopal  0.145 
 
LGW-4  Fluorescein  0.016   0.164; 0.170; 0.169 
 
LGW-5  Fluorescein  0.008   0.063 
   Tinopal  0.847 
 
LGW-6  Fluorescein  0.007   0.023 
   Tinopal  0.905 
 
LGW-7  Fluorescein  0.008   0.184; 0.217 
   Tinopal  0.503 
 
LGW-8  Fluorescein  0.011   0.042 
   Tinopal   0.664 
 
LGW-9  Fluorescein  0.007   0.022 
   Tinopal  0.385  
 
LGW-10  Fluorescein  0.009   0.022 
   Tinopal  0.291 
 
EB-9   Tinopal   0.198 
   Sulphorhodamine B 46.942   128.508 
   
EB-11   Fluorescein  N/A   3.327/3.808 
   Tinopal  0.192 
    
EB-14   Tinopal   
   Fluorescein  0.012   42.702/137.108 
 
MW-7N  Fluorescein  0.082   0.176 
   Tinopal  0.453 
 
NE-5   Fluorescein  0.014   0.673    
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Table 3.  Summary of Travel Times to Wells with Positive Dye Hits. 
 
Well   Travel Time (meters/day)  Comments 
 
LGW-2  300     Dye hit after19000 liters of  

water added 
 
LGW-4  26  
     
LGW-5  23.4 
 
LGW-7  2.13  
       
LGW-7  8.5     Dye hit after 75700 liters of  

water added 
 

EB-11   11.3   
 
EB-14   2.74     Dye hit after 75700 liters of  
        water added 
 
MW-7N  17.7 
 
NE-5   10.9     Dye hit after 75700 liters of  
        water added 
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Well EB-14 shows a positive hit on November 23rd, December 7th (this sample 

has dye concentrations 4 orders of magnitude above the background dye), December 10th, 

and January 3rd.  The distance between these two wells is 45.7 meters.  Thus, the velocity 

between the two wells is 2.74 meters per day to the southeast. 

 

Discussion: 

 The travel times for the wells that are closer to the injections sites are faster than 

wells farther away except for LGW-7 which travels at approximately 2 meters per day 

(see Figure 8).  This well needed an additional 75700 liters added to well EB-18 to have 

travel times (8.5 meters per day for LGW-7) like the other wells with two consecutive 

positive hits.  Therefore, because of the extremely low flow conditions, this implies that 

LGW-7’s karst conduit less developed and water flow is slower in the conduit compared 

to the other wells within the system.  Because of the added water and the two consecutive 

positive dye hits, well LGW-7 conduit flow is better developed at possible higher flow 

periods.   

 Additional water is added to the system to insure that the dye will reach the bugs.  

The relatively small amounts of water added should not mimic higher flow conditions in 

all parts of the system.  Although, locally there could be enough water to flow in conduits 

formed higher within the formations but this should not be a significantly huge change to 

claim that the test is mimicking higher flow conditions. 

 The well that shows the quickest response is LGW-4 which lies to the east of the 

injection well EB-13.  This means that the conduit flow is better developed to the east as  



LGW-1

LGW-2 LGW-3

LGW-4

LGW-5

LGW-6

LGW-7

LGW-8

LGW-9LGW-10

MW-7N

NE-5

EB-18

EB-13

EB-11

EB-14

~ 300 meters

North

Figure 8.  A summary of the dye tracing test results within the area.  The green circles 
are where the dye was injected (EB-13 and EB-18).  The yellow arrow shows the 
connection of the two wells (EB-13 and EB-18) done by in a previous dye tracing test 
in 2003.  The blue circles are the wells with positive dye hits connected to the injec-
tion sites with red arrows to show the direction of positive traces.  The pink circles are 
wells that had increased dye concentrations that were not quite ten times the back-
ground concentrationThe black circles are wells that had no positive dyes hits.  Modi-
fied from J.V. Brahana, 2005 Dye Testing Report.

22

Class 1 Landfill

Proposed landfill 
expansion



     23 

oppose to the south (well EB-11).  Also, all the dye came in one sample event (the 

sampler was less than 3 days in the well) for EB-11.  Therefore, the conduits must not be 

as well developed which is seen in the slower travel time compared to LGW-4 (11.3 

meter/day to 26 meters/day).  Both these wells are approximately 183 meters away from 

the injection well. 

 A previous dye test shows three consecutive hits at EB-14 using Tinopal CBS-X 

dye and this previous test shows a connection between EB-14 and EB-13.  This 

connection is also seen in this dye test.  Well EB-14 has positive hits at much higher 

concentrations than other wells at almost every sampling event for well EB-14.  In fact, it 

has concentrations of Fluorescein recovered between 137.109 ppb to a background level 

of 0.012 ppb.  An explanation for the anomalously high concentrations of Fluorescein 

and Tinopal (used in previous dye tests in the area) during this test could indicate that 

groundwater fluxes since the last dye-tracing test have not effectively flushed the karst 

system around well EB-14 (see Table 2). 

 There were four wells that met only one of the two criteria to be considered a 

positive dye hit.  Of these four, three (LGW-5, MW-7N, and NE-5) are all to the 

southeast of the injection well EB-13 but LGW-5 is to the northwest of injection well 

EB-18.  Although, these wells are not considered positive dye hits, the wells do show 

there is interconnectivity between these wells and wells with positive dye hits.  So again 

there is a south/southeastern travel of positive dye hits with LGW-5 hitting first, followed 

by MW-7N, then NE-5.  The each positive dye hit coming later in the sampling even 

based on its distance from the injection well.  The travel times to these to wells LGW-5, 

MW-7N, and NE-5 are similar to LGW-4 which is southeast of the injection well EB-13.  



     24 

The quicker travel times mean that these wells have larger solution-conduits then 

conduits of well LGW-7 and that the preferential flow seems to be to a southeastern 

direction from the injection wells. 

 Well LGW-2 is to the northwest of the nearest injection well EB-13.  The 

increased dye hit came one day after the dye injection.  This different travel direction can 

mean that the conduit system under the landfill is more complex then what the rest of this 

test is showing.  However, there was an additional 19000 liters added with the dye 

injection and the increased concentration of dye came immediately after the dye 

injection.  Therefore, it is possible that the conduit system was not completely flushed 

before this test was performed.  Each sample collected after this initial high has a 

background level concentration.  Again, these can be explained by residue of dye from 

previous dye tracing tests in the area.  This inability to flush the karst system is also seen 

in well EB-14.  Alternatively, the additional water could have mimicked greater flow 

velocities that caused the dye to move quicker through the system then accounted for in 

the sampling interval in the northwest of the injection wells.   

 Well LGW-5 barely gets a concentration ten times the background but no 

comparable second hit.  Although, the samples after this initial positive hit remain high 

for the next three consecutive sampling events.  This implies that it is connected to the 

conduit system at low flow conditions but is not a major pathway.  This site should be 

monitored at higher flow conditions to see if there is a greater interconnectivity during 

those conditions. 

After 15 days and continuing in a southeasterly direction, well MW-7N got a 

spike of Tinopal and too a lesser degree an increase in the concentration of Fluorescein. 
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Again, there was no second dye hit.  These can be seen as a wave of the dye traveling 

through the detectors and the sampling was not quite fine enough to get a second hit.  

Also, the smaller peak of concentration at MW-7N is acceptable due to dye adsorbed 

because of the longer contact of the substrate and the dye in the water. Tinopal dye was 

the dye injected during the 2003 dye tracing test and still has concentrations of dye in 

many of the conduits within the area (see Table 2).  It appears that the Tinopal did not 

show up in the background sampling events but may have been influenced by the 

addition of water that increased flow velocities within the system.   

Thirty five days later and the in the same direction, well NE-5 gets a high 

concentration of dye on the last day of sampling.  This could be seen as a continuation of 

the dye traveling from LGW-5 and MW-7N.  However, the same day as getting a hit at 

MW-7N, there was an additional 75700 liters of water added to injection well EB-18.  

Due to the increased water flow, the dye hit for NE-5 is questionable for the same dye 

movement especially due to the relatively high concentration (0.573 ppb) compared to 

the previous concentrations at wells LGW-5 and MW-7N (0.063 ppb and 0.453 ppb, 

respectfully).  This again can be proof that the groundwater has not fully flushed the dye 

of previous tests.  Also, because of the increased water flow, well NE-5 might not be 

completely connected with the conduit flow in low flow conditions.  Therefore, the dye 

increase is from a previous dye trace that was unable to flush the dye due to low flow 

conditions.  Although there is question of whether this well is completely connected to 

the conduit flow during low flow conditions, it is at least partially connected to the karst 

conduit flow in this area. 
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Lastly, well EB-9 recorded extremely high concentrations of Sulphorhodamine B 

which was used in a trace in 2001 (Brahana, J. and McCullough, D. 2006). These high 

traces indicate that the conduit of this well is not a direct, fast-flowing pathway that will 

quickly flush dye through its conduit system.  This well is something to keep in mind if 

there is ever a leak on the landfill property.  The leachate could sit in this conduit for 

years and under the right conditions, be released into more direct groundwater conduits 

and into the aquifer.   

Because this trace is done in an epikarst environment which is only seasonally 

saturated with water, the expected recovery is from 1% to 10% of the dye introduced 

(Aley, T. 1999).  Also, when the dye test is expected to be difficult, Fluorescein should 

be used while the easiest test should use Rhodamine WT.  With the extremely low flow 

conditions for this dye trace, additional water is necessary to ensure that the dye is 

traveling to the bugs.  Furthermore, activated carbon from coconut shells is better for 

detecting tracer dyes at low concentrations than activated carbon from coal.  This is 

especially good for this dye trace test because of the low flow conditions there are 

reduced flow paths and fewer monitoring wells will encounter the injected dye (Brahana, 

J. and McCullough, D. 2006).  Therefore, the more dye that is adsorbed the better. 

 The frequency of dye sampling is important because the absorption rates decrease 

with increased exposure time.  Fluorescein is less susceptible to this problem than other 

commonly used dyes.  Also, since dye is adsorbed into the bugs, there must be sufficient 

water movement for the bugs to collect then dye and when eluted does not release the 

enough detectable dye concentrations.  Furthermore, Fluorescein might be lost in water 
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with a pH less than 5.0.  However, based on preliminary testing the pH of this aquifer 

varies from 6.0 to 9.0. 

 

Conclusions: 

 Groundwater in Northwest Arkansas primarily moves through conduits formed in 

bedding planes and fractures.  It is because of this conduit flow that dye tracing test is 

needed to tell where the water is flowing.  The dye test indicates that water is moving 

preferentially through conduits to the south, the east, and the southeast of the injection 

sites (see Figure 8).  The general direction of positive hits in wells seems to be in a 

southeasterly direction.  However, there are conduits that cause water to flow to the North 

of the injection wells so all areas surrounding the landfill should be monitored for 

possible contaminants if there is a leak in the landfill liner system. 

 The travel times between the injection sites and the bugs are measured to give a 

better understanding of how quickly the water is moving.  It seems that travel times to the 

wells are quicker near the injection sites.  This can be accounted for by the addition of 

water added along with the dye to insure that dye would travel to the bugs.  This implies 

that during low flow conditions the water is not moving very fast through the conduits.  

Also, it shows that certain conduits might be a major, faster-flowing conduit compared to 

others.  Therefore, more dye tests should be repeated during higher flow conditions to 

determine better travel times to wells.  Furthermore, because of the quick travel times, the 

water is moving through solution-enlarged conduits.   

 During this test, dye was not monitored outside the landfill property.  This puts 

limitations on knowing where the dye is reaching the surface and the extent of where the 
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dye is traveling through the subsurface.  Also, due to the extreme low flow conditions 

more tests are need to adequately insure that Waste Management knows where water is 

traveling under all various flow conditions.     

 Lastly, due to the smaller and smaller concentrations of dye being adsorbed in the 

wells that are farther away from the injection wells, there is dye being held within the 

sediments of the Boone Formation and St. Joe limestone that compose the conduits.  

Also, the presence of dye from previous tests indicates the system’s inability to 

effectively flush itself at low flow conditions account for less dye recovery within the 

wells.  This has implications for recovery of contaminants within the area during low 

flow conditions.  Contaminants will be adsorbed into the rocks and organic material it 

comes in contact with during low flow conditions because of the increased time the two 

are in contact.  This might not be the case during higher flow periods because of possible 

decreased contact between the two.  Lastly, the duration between sampling intervals 

might not have been fine enough to capture all the dye moving through the system. 
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