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ABSTRACT 
 
Through a cooperative effort between Idaho Power and the Idaho Department of Water 
Resources, two additional dye tracer tests were successfully completed from a new well (Victor) 
located 3.1 miles southeast from the Malad Gorge.  Trace #1 started on Sunday November 18, 
2012 with 14 pounds of Fluorescein dye mixture in 14 gallons of drinking water which was 
injected into the Victor well.  The dye was tracked in both space and time as it flowed through 
the basalt aquifer and intersected by numerous domestic wells before discharging into the Malad 
Gorge springs.  Trace #2 started on Monday November 4th, 2013 with 21 pounds of dye mixture 
in 21 gallons of drinking water injected into the Victor well.  The results from both traces are 
consistent with previous traces in this area and also document a mass balance that shows nearly 
all of the dye passed through the flow system and discharged into the Malad Gorge.  The geology 
and other factors such as irrigation practices, date of release and depth of injection are essentially 
the same as in previous traces.  The mass balance results from the Victor trace is directly 
applicable to previous traces for the ‘Meyer’ 2.25 mile, ‘Hopper’ 1 mile, ‘Rod Riddle’ ½ mile, 
‘Park’ ¼ mile, ‘Nathan Riddle’ ½ mile traces.   
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BACKGROUND 
 
Fifteen groundwater tracer tests have been successfully completed south of the Malad Gorge 
since April 2009 in a cooperative effort between the Idaho Department of Water Resources, 
Idaho Power, land owners and numerous other entities.  This report details the completion of two 
3.1 mile distance tracer tests from the ‘Victor’ well with the first trace starting November 18, 
2012 and the second starting November 4, 2013.   Field and equipment conditions were optimal 
in trace #2 to compute the mass balance of the dye recovered during the trace.  At least 4 
previous traces (Park Picnic, R. Riddle, R. Hopper and Meyer) were completed within 
essentially the same flow path as the Victor traces and it is reasonable to assume these earlier 
traces produced a similar mass balance of greater than 84% recovery of dye.  Two other traces 
(R. Conklin and N. Riddle) performed lateral to this flow path can also be inferred to have similar 
recovery rate.  Figure 1 shows the locations of wells where data was collected for this report and 
Figure 22 shows the locations of the four wells used for previous dye releases that fall within the 
Victor trace flow path.  The name for this trace is sourced from the original well owner’s name 
Nolan Victor.  The GPS methods, geologic model, geography, well construction (which was 
open hole below surface casing), tracing techniques, etc. are all essentially the same as in 
previous traces (Farmer and Blew, 2009, 2010, 2011).  The traces presented in this report are an 
additional step in developing information and technology to support an ongoing tracer program 
on the Eastern Snake Plain Aquifer (ESPA).   
 

TRACING PROCEDURE AND METHODS 
 
Victor Well Dye Trace #1  
 
This well was selected because it is located southeast and in the trend of the flow path extending 
from previous dye traces (Figures 1 and 22). The well construction details are shown in Figure 2 
and the drillers log notes “cinders and soft lava” from 210 to 260 feet below land surface.  The 
well was drilled April 4, 1992 and the log states Tuttle Farms as the well owner.  Discussions 
with nearby neighbors confirmed the land, house and well were owned by Nolan Victor and the 
legal location is 7 South, 14 East, center of section 9, Gooding County.  A camera was lowered 
down the well to inspect and confirm geologic conditions (Figures 2 and 3) with a large cavern 
observed just below the base of the pump which is at 245.5 feet below top of casing (BTOC).  
The cavern extends from 245.5 feet down to the bottom of the well at 253.5 feet (BTOC) or 
about 8 feet distance.  Bulbous features are visible and appear to be pillow basalt which matches 
the drillers’ description of cinders and soft lava.  Figure 3 shows the difference between summer 
and winter conditions in the well.  Cascading water is present during the summer and fall 
months, which is likely subsurface leakage from irrigation canals and laterals.    
 
On November 15th and 16th 2012, charcoal packet samplers were placed in toilet tanks in 
residential dwellings supplied by wells named; Knapp, Jackson, Arriaga south, Turner, Len 
Riddle, Clinton, Umek, Hopper, Arriaga north, Burrell, and Evers (Figure 1).  Also on November 
16th, charcoal samplers were placed in the Malad Gorge springs from MG-1, 1.5, 2, 2.5, 3, 4, 5, 
6, 7, Bench spring, MG-12, 14, 19, 21, 23 (Figure 11).  A Turner Designs C3 submersible 
fluorometer (C3) was deployed at the Bench Spring on the 16th and calibrated using spring water 
as the blank and a 10 ppb fluorescein (FL) standard purchased from Turner Designs.  On Sunday 
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November 18, 2012, poly-tubing was lowered down the Victor well to a depth of 243 feet below 
the top of casing (BTOC).  A borehole camera was also lowered into the well to video the dye 
release.  At the time of the dye injection, the water surface in the well was at 201.5 feet (BTOC).  
The domestic well pump was turned off prior to the injection and remained off for approximately 
three hours post injection.  Fourteen pounds of 75% concentration Fluorescein (FL) dye 
purchased from Ozark Underground Laboratory was mixed with 14 gallons of drinking water in 
a large poly-tank.  The injection rate was 1 gallon per minute, and dye started exiting the poly-
tubing at 1:46:30 pm (Figure 4).  The injection of dye was completed by 2:00 pm.  On Monday 
November 19th, a water sample was collected from the well and delivered to a private lab to test 
for fecal coliform.  A water sample was also taken to test for the presence of dye in the well.  
The samples tested absent for the presence of fecal Coliform, and no dye was detected in the 
well.    
 
During the following 4 month time frame, grab water samples were collected from wells and 
wells and springs at about 1 to 2 week intervals and analyzed for dye.  Grab water samples were 
analyzed using a table top TD-700 Fluorometer calibrated to a blank (de-ionized water), 1.0, and 
10.0 ppb FL standards.  Figures 5 and 6 show the water sample results and dates of sampling for 
wells and springs.  On the right axis of Figure 5, the scale is forward in time starting on 
December 3, 2012 and ending on February 28th, 2013.  Conversely, Figure 6 plots the time scale 
in reverse order so the reader can see the plotted results from both sides, otherwise some of the 
bars are hidden.  On December 3, dye was first detected in a well named Turner shown as a red 
bar in Figure 5 at a concentration of 0.04 ppb.  In addition to the grab water samples, a calibrated 
mobile C3 instrument was moved from spring to spring in the Gorge on December 18, 2012 
from MG-14.5 upstream to MG-4 to obtain a real time test for presence of dye.  All values were 
zero from the springs which is plotted in Figures 5 and 6 with light green bars.  Water samples 
and standards were allowed to equilibrate to room temperature over night before analysis.   
 
Figures 7a through 7k show a 3-D plot using the Kriging option in Surfer software to show the 
results of water samples collected during the 4 month time frame and the rise and fall in dye 
concentration as the dye cloud passes by wells.  Unfortunately, winter conditions in the Gorge 
restricted access to sample springs due to snow and ice.  Despite the limitations of grab sample 
frequency and distribution, the trends clearly show the dye cloud peaking in concentration at the 
Clinton Palmer well at 0.42 ppb at 46 days post dye release, and this well is 1.77 linear flow path 
miles from the Victor well.  The 46 day travel time (Figure 7f) was calculated as the peak of the 
breakthrough curve at the Clinton Palmer well, since it is the average of the previous (39 day 
Figure 7e) and post samples (52 day Figure 7g) at this well.  This equates to an approximate 
dominant flow velocity from the Victor well to the Clinton Palmer well of 9,370 feet/46 days or 
204 feet/day dominant groundwater velocity through this interval or rounded to 200 feet/day 
integrated value over the 1.77 mile distance.  First arrival of dye at the Clinton Palmer well is 
inferred to occur between December 3 (Figure 7a) and December 10 (Figure 7b) which would 
place it at approximately 19 days travel time equating to a maximum flow velocity between the 
Victor well and the C. Palmer well of 9,370 feet/19 days or 493 feet/day maximum groundwater 
flow velocity which was rounded to 500 feet/day.   
 
On February 1, 2013, a calibrated C3 instrument was deployed in the Malad Gorge at spring 
MG-12.  This date appears to have been close to the peak concentration of dye passing through 

By N. Farmer, D Blew, T. Aley                                                                                                                Page 5 of 55 
   



 

the spring based on C3 instrument readings (Figure 8).  The peak concentration was 0.30 ppb FL 
and the measurement frequency was hourly.  The ‘Meyer’ Trace #2 used 14 pounds as well, with 
a peak spring water concentration of 0.59 ppb and a travel distance of 2.25 miles instead of 3.1 
miles for this trace.  The peak concentration in the spring was reduced by half when the distance 
extended by one mile.  The peak is inferred to have occurred on February 2 or 96 days post dye 
release (consistent with Trace #2).  The recession limb has a smooth slope, and the instrument 
was retrieved from the spring too early to record the full tail of the curve.  The C3 located at the 
Bench Spring did not appear to record dye passing through (Figure 8) possibly due to 
concentrations below the detection limit of the instrument (0.01 ppb).  Some dye did pass 
through this spring based on the charcoal sampler result of 7.66 ppb (Figure 9).  Figure 8 
suggests that most of the dye had exited the groundwater system via springs by the end of March 
2013.  This provided approximately 7 months to fully flush out residual amounts of dye by the 
start of second tracer test in November of 2013.   
 
The charcoal packet sampler results for Trace #1 are graphed in Figure 9 showing a peak 
concentration determined from Ozark Underground Laboratory (OUL) of 468 ppb FL at spring 
MG-14.  MG-12 had the next highest concentration of 291 ppb, and there is a progression of 
decreasing concentrations upstream of MG-4 (upstream edge of dye cloud) in the Malad River 
Canyon. Charcoal packet sampling during Tracer #1 was hampered by fluctuating river levels 
leaving some packets out of the water for a period of time and disturbance by animals.  There 
were no samplers placed at MG-15 through MG-18.  MG-19 produced a result of 0.22 ppb and 
based on information from Trace #2, it is now known better this is the downstream edge of the 
dye cloud.  The charcoal sampler results from wells are shown in Figure 9.  The highest 
concentration of dye is at the Clinton Palmer well which is consistent with the water sample 
results shown in Figures 5, 6 and 7g.  The Turner well charcoal sampler result was 8.11 ppb 
which is also consistent with water sample results.  It is important for the reader to understand 
that charcoal packet concentrations are not water concentrations.  For example, a charcoal packet 
concentration of 8.11 ppb may mean that the peak water concentration was lower at perhaps 1.0 
ppb FL. 
 
In summary, the first trace at the Victor well utilized 14 pounds of 75% concentration 
Fluorescein dye mixed with 14 gallons of potable water injected into the bottom cavern zone of 
the well on November 18, 2012.  The trace provided good resolution of the dye cloud as it passed 
by numerous domestic wells based on both charcoal samplers and approximately weekly to bi-
weekly water samples.  The water sample data is graphed in Figures 5 and 6 and stepped 
progressions are shown in Figures 7a-7k to illustrate the movement of the dye cloud.  The tracer 
was also identified the spring zone with the greatest concentration and mass of dye providing the 
basis for a more focused and robust data collection design for Trace #2.  One element not 
captured in the springs during Trace#1 was the time of first arrival of dye, which would 
ultimately hinder the design of Trace #2.   
 
 
Victor Well Dye Trace #2 
 
In preparation for Trace #2, on November 1, 2013, charcoal packet samplers were deployed in 
the Malad Gorge springs MG-1, 1.5, 2, 2.5, 3, 4, Bench Spring; then MG-12, 13, 14, 15, 16, 
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17.5, 18, 19, 19.5, 21, and 23 (Figure 10).  C3 instruments were calibrated using spring water for 
the blank and 10 ppb FL standard calibration solution from Turner Designs.  The instruments 
were deployed at spring sites MG-12 and MG-13 based on real-time spring water test results 
during Tracer #1 (Figures 5 and 6).  MG14 had the highest charcoal packet concentration during 
Trace#1.  Fluctuating river levels left the packet at MG12 out of the water for a period of time, 
and a packet was not placed at MG13.  On November 4th, 2013 at 2:45 pm, fifty percent more 
dye (21 pounds) was injected during Trace #2 than in Trace #1 (14 pounds).   The same method, 
equipment and depth of dye release was used in Trace #2 as Trace #1.  Twenty one gallons of 
potable water was mixed with 21 pounds of 75% concentration Fluorescein dye and injected into 
the Victor well.  There were no occupants living in the residence and the well was unused during 
the Trace #2 time period.  The depth to water was measured at 203.71 feet from top of casing.  
Charcoal packet samplers were not deployed into domestic homes toilet tanks like in Trace #1; 
nor were weekly to bi-weekly water samples collected during Trace #2 from the wells or springs.   
 
On November 25, 2013, a Turner Designs Cyclops-7 submersible fluorometer (Cyclops) was 
calibrated with purchased spring water and a 10 ppb FL standard solution from Turner Designs.  
The Cyclops was deployed in a concrete flume just upstream of Idaho Power’s power plant 
(Figure 10).  The flume is located downstream of all springs with resurgent dye concentrations.  
During the monitoring period the diversion into the flume captured all of the spring discharge 
known to contain dye.  Flow in the flume ranged from approximately 650 cfs to 700 cfs and 
consisted almost exclusively of spring discharge.   A grab water sample was collected during 
deployment of the Cyclops and sent to OUL for analysis.   The dye concentration at the time of 
the Cyclops deployment was 0.012 ppb FL indicating the dye had recently started to discharge 
out of the springs and down the flume.  The C3 instruments placed at MG13 and MG14 did not 
detect a first arrival of dye in the springs until about a week later on December 3 (Figures 14 and 
15).  It is possible that dye was discharging out of the springs MG-12 and 13 but below the 0.01 
detection limit of the C3 instruments, and/or dye was discharging from springs not monitored.  
 
Figure 11 shows that little to no Malad River water flowed into the Gorge during Trace #2 which 
means all of the water discharging from the spring site MG-19 and other springs upstream were 
captured by the diversion dam and routed into the Flume.  There is a small amount of leakage 
through the dam gates.  The Flume has a calibrated measurement device that records the flow 
rate every hour.  The Cyclops instrument was programmed to record a Fluorescein measurement 
every hour.  With little to no flow from the Malad River entering the Gorge, little sediment was 
introduced into the flow.  These conditions existed except during a minor flow rate change 
starting at about February 13th shown in Figure 11.  This flow event occurred during the tail end 
of the dye trace from approximately 2,400 hours through 3,192 hours (Figure 20).  Therefore, to 
perform a mass balance with optimal conditions were present during Trace #2.   
 
Figure 12 shows Fluorescein concentrations in charcoal packets from both Trace #1 (yellow 
bars) and #2 (red bars).  Note the classic bell shaped curve of Trace #2 results from springs in the 
Gorge.  The distribution of dye resurgence through spring locations can be seen in Figure 12.  
Detection of dye extended from MG-4 downstream to MG-18 for a lateral dispersion across the 
dye cloud of approximately 1,900 feet (Figure 10) over a trace distance of 16,350 feet (3.1 
miles).  Spring MG-13 tested at 2,230 ppb FL which was not equipped with a charcoal sampler 
during Trace #1.  The bulk of the dye from Trace #2 passed through springs MG-12, 13 and 14 
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located on the map in Figure 10, and all of the dye appears to have been captured upstream of the 
diversion dam and routed down to the Cyclops sample site.  No dye was detected at spring 
sample sites MG-19, 19.5, 21 and 23.   
 
At spring sample site MG-13, a calibrated C3 instrument was placed before dye injection using 
the spring water as a blank and a 10 ppb FL standard from Turner Designs.  The instrument was 
programmed to sample the spring discharge every 3 hours, and the data is graphed in Figure 13.  
The instrument was checked in the field on December 26, 2013 and re-positioned because data 
interference was evident.  Air bubbles could be seen in the water where the instrument was 
originally deployed.  It was re-located approximately two feet from its previous position in the 
same spring water with less bubbles.  Figure 13 shows less interference after this change.  On 
January 22, 2014, the battery was replaced in the instrument, but it failed to restart.  It is 
unknown why it did not restart but the same procedure was done for the C3 at site MG-12 and 
that instrument did restart.  The only apparent difference is that the C3 at MG-13 that did not 
restart had one large capacity battery (8 amp hour) and the C3 at MG-12 had two separate 
batteries of 4.5 amp hour each.  We believe that when we unhooked the one large battery, the 
instrument lost all power.  While changing the two batteries for the other C3 instrument one 
battery at a time was ‘swapped’ out, which meant the instrument had power even during the 
battery change out.  We have observed this same phenomena while changing out batteries for 
previous traces.  We plan to re-design all battery boxes to hold 2 batteries instead of one large 
one.  Despite the loss of data during the recession limb of the breakthrough curve, the first arrival 
of dye and the peak concentration of 0.50 ppb FL was recorded in the data set.  The C3 data set 
shows a single peak response curve based on comparison with other curves shown in Figure 15.   
 
The C3 instrument deployed at spring sample site MG-12 produced a near perfect single peak 
breakthrough curve reaching a peak concentration of 0.55 ppb FL (Figure 14).  The curve is 
slightly unusual in that it appears to be left skewed since the mean shown with a yellow diamond 
is left of the peak.  The left skewed nature of the breakthrough curve was also evident in the 
Cyclops data located in the flume.  Figure 15 illustrates the consistency between breakthrough 
curves at the spring sites from both Trace #1 and Trace #2.  The peak concentration from Trace 
#1 was 0.30 ppb from 14 pounds of dye and increased up to 0.55 ppb from Trace #2 where 21 
pounds of dye was injected.   
 
Figure 16 illustrates the raw unadjusted hourly data from the Cyclops instrument deployed in the 
flume (Figure 10).  The Cyclops was calibrated using purchased spring water as the blank and 10 
ppb FL standard solution from Turner Designs.  The zero point calibration using purchased 
spring water could account for the vertical shift at the start time for this instrument.  The first 
obvious features are the large spikes that occur as individual points below and above the trend of 
the data set.  These are likely due to noise introduced from particles of organic debris, moss, 
sediment or other ‘contaminants’ in the river/flume water.  The spikes were removed by 
adjusting them to the trend based on pre and post data points.  The next adjustment shifted the 
entire data set up by an increase of 0.01 ppb due to the -0.005 value of the initial data at the start 
time and based on the results of grab water samples sent to OUL for analysis (0.012 ppb FL).  
Additionally, on February 5th, 2014 (2,400 hours since dye injection) some additional noise was 
introduced and it appears to be correlated to cycles in flow rates caused by upstream hydropower 
plants on the Malad River (Figure 11).    
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Figure 17 shows the Cyclops data set with the spikes removed and adjusted to the trend.  The 
entire data set was shifted vertically up by 0.01 ppb (from -0.005 to +0.005) which is also the 
detection limit of the instrument, any remaining negative values were changed to zero.  Figure 17 
also shows the grab water sample results (blue square symbols) and the longer period of 
interference patterns starting at about 2,400 hours.  Anthropogenic changes in flow rate and 
runoff from rain events may have induced suspended sediment to flow through the Gorge and 
into the flume causing longer term interference in the data set than the individual spikes.  OUL 
adjusts the pH value of their samples to maximize the fluorescent response and therefore the 
detection of dye, which may partially contribute to the disparity between the Cyclops data and 
the OUL grab sample results shown in Figure 17.  A 25 point (+ or – 12 hours) moving average 
was applied to the Cyclops data set and graphed onto the original data set as shown in Figure 18.  
Figure 19 shows the spring MG-12 breakthrough curve, the Cyclops flume breakthrough curve 
and the OUL results.  The arrival and detection of dye, peak of concentration of dye and the 
recession of dye correlate between the spring data, flume data and the OUL data.  Figure 20 
shows the 25 point moving average data set and the flow rate data.  Note how the late time 
Cyclops data starting at about 2,400 hours (approximately February 5th) correlates to the 
fluctuations in the flow rates.  The bulk of the dye (87% total measured by Cyclops) had already 
passed out of the aquifer, springs and down the flume past the Cyclops by the time the flow rate 
cycles started.  The introduced noise had a minimal effect on the data analysis for mass balance 
which may have only affected approximately 13% of the remaining dye (2.73 lbs.) in the tail 
end.   
 
Figure 21 shows the 25 point moving average curve used to calculate the mean and mass 
balance.  Zero values were inserted prior to the start of the Cyclops instrument data back to time 
zero of the dye injection.  The mass of dye recovered was calculated at 84.3% or about 17.7 lbs 
of the original mass of dye.  The base balance calculation was also performed on the Cyclops 
data without the 25 point moving average shown in Figure 17 and the value was the same.  The 
remaining 15.7% of dye could be attributed to when dye concentrations were below the detection 
limits of the Cyclops but still present and discharging from the springs at MG-12 and 13 at low 
levels.  The Cyclops appears to have been deployed a little late based on indications from OUL 
results that a small amount of dye had started to discharge by the time the Cyclops started 
collecting data.  Another factor is that the Cyclops has a 0.01 ppb detection limit so any dye 
passing by less than this concentration would not be detected by the Cyclops; therefore since dye 
was already starting to discharge out of the springs and flow down the flume before the Cyclops 
was deployed and since there was a very low amount still discharging from the springs when the 
equipment was retrieved (Figure 14 April 4, 2014).  This fact would increase the mass recovered 
above 84.3% perhaps approaching 90% recovery.   
 
Figure 22 shows the inferred dye flow paths from all of the traces south of Malad Gorge to date.  
The Victor Trace is shown with a black dashed line and effectively all of the springs upstream of 
the Diversion dam have been traced to a greater or lesser degree.  Detailed water level contour 
maps of the area (Farmer and Blew, 2013) suggested convergent flow paths, the dye traces have 
confirmed this pattern.  In all cases of 7 different tracing locations and 15 individual traces, the 
dye flow path has been directly down the hydraulic gradient with no deviations or surprises.  It 
has been hypothesized that groundwater and dye could have flowed tangential to or at some odd 
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angle to the gradient whereby some dye could have escaped from the flow path, travelled up and 
over a ‘ridge’ or groundwater divide west of these traces and then back down into Woody’s Cove 
and Birch Creek.  The results of charcoal packet analysis from the Meyer and Victor traces 
showed this to be incorrect.     
 

Discussion 
 
The tracer results provide real world data on water movement within the ESPA and it will be 
used to develop additional hydrologic studies.  The information can be used to help refine and 
assist with groundwater model input assumptions applied at a local scale.  The studies also 
provide legitimacy to the use of fluorescent tracers for studying groundwater on the ESPA.  To 
date all 19 traces have flowed down the hydraulic gradient and none have demonstrated flow 
tangential to the gradient so far.  The results and conclusions are being exported to other sites on 
the ESPA where additional tracer studies are being planned.  A long-term strategy to utilize 
tracer studies is being implemented to help guide and direct efforts that can improve aquifer 
levels and increase spring discharge.  Knowledge gained not only from the results of these 
studies but also the techniques developed can lead to a better understanding of water movement 
through the aquifer.  Tracers have helped in refining water quality monitoring sites for aquifer 
recharge projects to ensure the protection of groundwater resources.  The trace results have been 
directly applied and used to assist with the permitting process for aquifer recharge by injection 
wells regarding water quality and public safety.  They may also aid in determining sources of 
contamination at some spring complexes.   
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APPENDIX B – GPS Coordinates of Sample Sites in IDTM NAD83  
(collected using a Trimble ProXRT and GeoXT 2005 set at maximum precision)   
 

Site X (meters) Y (meters) 
mg 1 2429484.4 1296372.7 
mg 1.5 2429519.0 1296376.0 
mg 2 2429548.4 1296388.9 
mg 2.5 2429581.9 1296406.2 
mg 3 2429613.7 1296423.1 
mg 4 2429667.6 1296443.6 
mg 5 2429686.7 1296455.2 
mg 6 2429697.9 1296464.0 
mg 7 2429713.9 1296477.4 
mg 8 2429731.2 1296490.1 
mg 9 2429755.0 1296504.0 
mg 10 2429786.7 1296538.0 
mg 10.5 2429803.2 1296549.7 
mg 11 2429821.9 1296559.8 
mg 11.5 2429943.6 1296603.8 
mg 11.7 2430002.0 1296614.6 
mg 12 2429404.9 1296383.0 
mg 13 2429380.2 1296384.2 
mg 14 2429327.7 1296391.2 
mg 15 2429226.6 1296411.2 
mg 16 2429157.6 1296401.3 
mg 17 2429066.8 1296402.6 
mg 17.5 2429038.8 1296404.2 
mg 18 2428994.9 1296435.6 
mg 19 2428989.3 1296444.6 
mg 20 2428849.9 1296534.6 
mg 21 2428667.3 1296435.5 
mg 22 2428488.6 1296375.3 
mg 23 2428430.7 1296315.8 

wells 
  Meyers, R. 2432081.1 1293736.0 

Clinton, P. 2430569.0 1294595.0 
Arriaga north 2431239.0 1294829.0 
Arriaga south 2431316.6 1293369.0 
Lyda, R. 2430677.0 1294882.9 
Hopper R. 2430596.2 1295073.8 
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Riddle, R. 2430065.1 1295680.0 
Sanchez/Rosales 2430526.2 1295025.4 
Riddle (rental) 2431272.4 1293740.9 
Riddle, Len 2430462.1 1294486.3 
Riddle, N. 2429331.0 1295709.2 
Boyer 2430568.5 1293950.6 
Burrell 2430752.4 1294868.3 
Umek 2430465.9 1294750.6 
Victor 2432862.5 1292889.0 
Knapp 2432148.0 1293629.0 
Jackson 2432060.0 1292105.1 
Turner 2431367.0 1293654.0 
Evers 2430425.0 1295006.4 
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Figure 1.  Location map of Victor dye trace well (red) 
and wells where dye was detected (green) and spring 
sample sites (light blue).  Sampled wells but no dye 
detection are noted with white circles.  It is 3.1 miles 
from the Victor well to spring MG-12.  Groundwater 
contours are black lines with 5 foot intervals.   

p. 24 



Figure 2.  Screen capture images of the borehole video from 
the Victor well at 248 feet and 251.5 feet (BTOC) showing 
cavernous basalt with ragged bulbous features consistent 
with pillow basalt characteristics.  The diameter of the 
smallest constriction in the images is at least 6 inches and 
probably greater.  This is the level of dye release within the 
well. 

p. 25 



Figure 3.  These images were taken during November on the left and July on the right side showing the water table in both.  There 
was water cascading into the well during the summer and little to no water cascading into the well in November.   

Cascading water 

Water  
Table and 6 
inch diameter 
borehole. 

Pump 
discharge 
pipe 

p. 26 



Figure 4.  Borehole image of Trace #1 showing the release of  Fluorescein dye 
from the poly-tubing (243 ft. BTOC) and below the base of the pump (242 ft. 
BTOC).  A downward flow of water kept the dye from rising up the borehole.     
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Figure 5.  Chart of FL dye concentrations from water samples collected about a weekly frequency for wells and springs 
organized with earliest in time along front row.  The highest well water concentration detected occurred at the Clinton 
Palmer’s well with 0.44 ppb FL on Dec. 27, 2012 (brown column) but also 0.44 ppb on Jan. 9, 2013 (yellow column).   
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Figure 6.  Chart of FL dye concentrations from water samples collected about a weekly frequency for wells and springs 
organized with latest in time along front row.  The highest well water concentration detected occurred at the Clinton 
Palmer’s well with 0.44 ppb FL on Dec. 27, 2012 (brown column) but also 0.44 ppb on Jan. 9, 2013 (yellow column).   
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Dec. 3, 2012 
(15 days) 

Victor Well Dye injection #1 
(Nov. 18, 2012) 

Figure 7a.  Dye was first detected in the Turner 
well at a concentration of 0.04 ppb on Dec. 3, 
2012 or 15 days after the dye was released.  
This is probably the west edge of the dye cloud 
with the center of the cloud located between 
the Knapp and Turner well.     

0.04 ppb 

p. 30 



Dec. 10, 2012 
(22 days) 

0.15 ppb 

0.12 ppb 

Figure 7b.  The Turner well concentration 
increases and dye is detected at the Umek and 
C. Palmer wells.   
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Figure 7c.  During Trace #1 on Dec. 18th , 30 
days post release, using a mobile C3 all of the 
Gorge springs were tested with results of zero 
but dye concentration could have been below 
detection limit of the instrument.  But, the C3 
data from trace #2 supports dye arriving at the 
springs in the Gorge at approximately 700 
hours or 29 days.  Note Turner concentration 
starts to drop and the C. Palmer well continues 
to increase up to 0.31 ppb.   

0.08 ppb 
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Dec. 18, 2012 
(30 days) 



Dec. 20, 2012 
(32 days) 

0.39 ppb 

Figure 7d.  Clinton Palmer well continues to 
increase up to 0.39 ppb.  The Gorge springs 
could not be sampled due to snow and ice on 
talus boulder conditions.   

p. 33 



Dec. 27, 2012 
(39 days) 

0.44 ppb 

Figure 7e.  The C. Palmer well reaches its peak 
concentration of 0.44 ppb.  Turner well is near 
zero ppb.   

p. 34 



Jan. 3, 2013 
(46 days) 

0.42 ppb 

Figure 7f.  Peak of breakthrough curve at the 
Clinton Palmer well.  Turner well returns to 
zero ppb.       
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Jan. 9, 2013 
(52 days) 

0.44 ppb 

Figure 7g.  Chart and 3-D plot of water sample 
results for the Clinton Palmer well as dye 
passes by peaking at 0.44 ppb FL.      
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Jan. 17, 2013 
(60 days) 

0.39 ppb 

Figure 7h.  The C. Palmer well starts its decline 
in concentration.  The Gorge springs still could 
not be sampled due to snow and ice on talus 
conditions but dye was likely discharging out of 
the springs.   

p. 37 



Feb. 1, 2013 
(75 days) 

0.15 ppb 

0.30 ppb 

Figure 7i.  The C. Palmer well drops down to 
0.15 ppb and finally conditions permit access 
to springs in the Gorge for sampling which 
show a peak of 0.30 ppb at MG-12 and 13.   

p. 38 



Feb. 15, 2013 
(89 days) 

0.05 ppb 

0.20 ppb 

Figure 7j.  Evers well drops to 0.05 ppb and the 
Gorge springs at MG-12 & 13 drop to 0.20 ppb.   

p. 39 



Feb. 28, 2013 
(102 days) 

0.06 ppb 

Figure 7k.  Well water concentrations are non-
detect and spring water is down to 0.06 ppb at 
MG-12 and 13.   

p. 40 
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Figure 8.  C3 instrument data sets from Victor trace #1 at spring MG-12 and the Bench Spring.  The C3 at MG-12 was not deployed 
until February 1, 2013 when it was determined dye was exiting this location from a mobile C3.     
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Charcoal Packet Results for Victor Trace #1 
(wells and springs) 

Figure 9.  Charcoal packet sampler results for wells and springs for Victor Trace #1.  Note MG-14 site had the highest concentration 
from charcoal packets but MG-12 and 13 had the highest water sample concentrations.    
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Figure 10.  Spatial distribution of dye and concentration in parenthesis is ppb units for charcoal packet samplers from Trace #2.  The 
later dispersion or spread was measured at approximately 1,900 feet from MG-18 upstream to MG-4.  Note the location of the 
flume diversion dam and the location for the Cyclops instrument used for mass balance calculations.   
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Figure 11.  Malad River flows in cfs recorded upstream of the Gorge by several miles.  Note that nearly no upstream river water 
flowed into the Gorge during the bulk of the tracer test or approximately 87% of the dye had passed through by February 14, 2014.  
(data from USGS). 
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Figure 12.  The bar chart shows the charcoal packet results from both Trace #1 and #2 and illustrates how the refinement of 
monitoring and analysis improves with the 2nd trace method strategy.    Results from Trace #2 show a typical bell shaped curve 
documented numerous times from previous traces.  This pattern supports that dye is not “splitting” off into numerous isolated 
flow paths that come out at many different locations like many believe fracture flow produces, but rather a fairly homogenous well 
constrained lateral and longitudinal dispersion of the tracer, similar to what occurs in a sand matrix.   
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Figure 13.  C3 data set from the Gorge spring site MG-13 at 3 hour sampling intervals.  Small bubbles were causing some noise in 
the data so the instrument was repositioned in the same spring on Dec. 26, 2013 where there were fewer bubbles and resulted in 
less ‘noise’.   It is unknown why the C3 did not restart logging after changing with fresh batteries on Jan. 22, 2014.   The blue 
square symbols are grab water sample results from OUL which show that residual dye was still discharging out of this spring on 
April 4th, 2014 but below the detection limit of the ‘Flume Cyclops’ used for mass balance. 
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on Jan. 22, 2014. 
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Figure 14.  A left skewed dye breakthrough curve from Trace #2 at spring site MG-12 showing a single peak curve that has been the 
typical response pattern of numerous dye traces in the Malad Gorge and consistent with a homogenous equivalent porous media 
flow environment.  The data frequency is every 3 hours and the Mean is shown with a yellow diamond symbol and occurs just 
before and left of the center of the peak.  The blue square symbols show the OUL lab results from a grab water samples.  The April 
4th, 2014 value of 0.007 ppb is below the detection limit of the C3 which recorded zero values.  This water sample documents dye 
was still flowing out of spring MG-12 but below detection limits of the ‘Flume Cyclops’ instrument used for mass balance.     
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Figure 15.  Breakthrough curves from both Trace #1 and Trace #2 showing the similar results between both traces and the increase 
in spring concentration from about 0.3 ppb from Trace #1 up to 0.55 ppb from Trace #2 as the mass of dye increased by 50%.  Note 
how the horizontal or temporal response of the two traces is also in alignment.   
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Figure 16.  Raw data breakthrough curve from the Cyclops instrument located in the Flume.  Note the “noise” spikes which are not real 
dye concentrations especially the negative values.  Data frequency was set at 1 hour intervals.  One source of noise started at about 
February 14th (2,400 hours) when flow rates started cycling in the Flume likely due to private hydropower plants upstream on the 
Malad River.   p. 49 
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Figure 17.  Hourly Cyclops data edited for 1) large spikes averaged to fit trend, 2) upward vertical shift of 0.01 ppb, 3) remaining negative 
values changed to zero.  Grab water sample results shown with blue square symbols were analyzed at OUL labs.  OUL labs adjusts the pH 
of samples to maximize the fluorescent response which may account for the difference between the in-situ Cyclops data and lab results.   
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Figure 18.  Overlay of a 25 point moving average (orange line) onto the data set which shows a good match in the trends.   
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Figure 19.  Breakthrough curves from spring MG-13, Cyclops in the flume, and OUL water grab samples showing a consistent 
correlation between the first arrival, peak and recession of dye in both the flume and the springs from both in-situ instruments and 
lab tests.   
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Figure 20.  The blue lined data set represents hourly flow rates (source: Idaho Power) in the flume with a downward trend but also 
obvious anthropogenic cycles starting at about 2,400 hours and ending about 2,688 hours.  Note how the flow rate cycles cause 
noise in the Cyclops data.  All of the spring water was captured and routed down the flume for the entire trace duration.     
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Figure 21.  Using the flow rate data and Cyclops 25 point moving average data, a mass balance was performed and a calculations 
show a minimum of 84.3%  of the original mass of dye was recovered.  The remaining 15% can be accounted for by the fact that 
small amounts of dye were still discharging out of spring sites MG-12 & 13 when the trace was ended and equipment retrieved.  
This small amount of dye was diluted down to non-detectable levels by both the Cyclops and OUL lab analysis in the Flume.  Also, 
some dye had already passed through the aquifer and was in the water when the instrument was deployed.  The mean is shown as 
a yellow diamond symbol which appears to be slightly left skewed consistent with the C3 results at the spring discharge locations.  
The mass recovery of greater than 84% is directly applicable to previous traces in the Malad Gorge and represents an important 
addition to tracing.   
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Figure 22.  Map showing inferred but field data supported paths of dye from 
all of the dye traces south of Malad Gorge as of year 2014.  Note how the 
flow path of the Victor trace shown with black dashed lined polygon overlays 
with numerous previous traces.  Effectively, all of the springs between the 
diversion dam and the Interstate Freeway and falls have been traced.  
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Date  Time Trace Name  Elev. of well 
TOC MP 

(RTK GPS'd 
in feet) 

Depth to 
Water  

(feet below 
TOC MP) 

Elev. Of Water 
Table  

(feet a.m.s.l.) 

Depth of Dye 
Injection 

(below T.O.C.) 

Straight Line 
Distance 

(feet)  

Dye (type & mass)  Volume of dye 
mixture 
released 
(gallons)  

Mass 
Recovered 

 (%) 

Time to First Dye 
Arrival  
(hours) 

Max GW 
Velocity 
(ft./day)  

Time to Mean 
Concentration 

(hours) 

Ave. GW 
Velocity 
(ft./day) 

Time to Peak 
Concentration 

(hours) 

Dominant 
Flow Velocity 

(ft./day)  

Measured Transverse 
Dispersivity  

(feet) 

Measured 
Longitudinal 
Dispersivity  

(feet)  

Interpolated 
Longitudinal 
Dispersivity 

(feet) 

Approx. Time 
of Passage 

(days)  

Peak Water Conc. 
(ppb)  

Peak Charcoal 
Packet Conc.  

(ppb)  

Elev. of Peak 
Conc. Sample 

Site 

Elev. of 
highest spr. 

Water b 

Effective 
Porosity 

(estimate) 
'Pe' 

Reynolds number 
10 met at Passage 

Way Diameter 
(inches or larger & 

based on 
dominant velocity) 

Gradient  
(at highest 

spr.) 

Gradient 
(Increase Spr. Elv. 

by 25 ft.)b 

Hydraulic 
Conductivity 
K=(Pe*Vave)/I 

Pe=0.20  

Hydraulic 
Conductivity 

(higher elev. spr.) 
K=(Pe*Vave)/I 

Pe=0.20 

 April 7, 2009  5:10 PM  Park picnic 3275.46 n.a. n.a. 215 1,100  1 lb. FL (75% conc.)  3 84c n.a. n.a. n.a. n.a.  n.a. n.a.  450 (MG 6-10.5)  n.a. n.a. n.a.  n.a.   1,310 @ MG-7  3031 3046 0.2 n.a. n.a. n.a. n.a. n.a. 

 June 23, 2009  3:31 PM  Park picnic 1 3275.46 191.06 3084.4 210 1,100  0.21 lb. RWT (100% conc.) 1 (2.5% conc.)    5 5,280 n.a. n.a.  12.5 & 35 
1st peak = 

2,112 2nd peak 
= 754 

n.a. n.a. n.a. 4.2 
(estimated)   0.37 @ MG-7  n.a.  3031 3046 0.2 0.07 0.035 0.0258 n.a. n.a. 

 June 29, 2009  1:52 PM  Park picnic 2 3275.46 n.a. n.a. 210 1,100  0.21 lb. RWT (100% conc.) 1 (2.5% conc.)    4.5 5,867 30.3 871 13.5 & 34 
1st peak = 

1,955 2nd peak 
= 776 

n.a. n.a. n.a. 4.2 
(estimated)   0.43 @ MG-7  n.a.  3031 3046 0.2 0.07 0.035 0.0258 4977 6752 

 Sept. 22, 2009  2:30 PM  Park picnic 3 3275.46 190.28 3085.18 210 1,100  0.63 lb. RWT (100% conc.) 3 (2.5% conc.)    4.5 5,867 30.3b 871b 13 & 33.5 
1st peak = 

1,955 2nd peak 
= 788 

n.a. n.a. n.a. 4.2  0.91 @ MG-7  n.a.  3031 3046 0.2 0.07 0.036 0.0265 n.a. n.a. 

 Oct. 20, 2009  12:30 PM  R. Riddle 1 3279.69 178.13 3101.56 205 2,865  3 lb. FL (75% conc.)  6 84c n.a. n.a. n.a. n.a.  n.a. n.a.   700 (MG 2-7)  n.a. n.a. n.a.   n.a.   8,160 @ MG-3  3029 3046 0.2 n.a. 0.019 0.0166 n.a. n.a. 

 March 1, 2010  2:30 PM  R. Riddle 2 3279.69 177.95 3101.74 203 2,865  2 lb. RWT (100% conc.)  4   28 2,456 86 800 82 839  700 (MG 1-6)  n.a. n.a. 16  1.8 @ MG-3   388 @ MG-3  3029 3046 0.2 0.15 0.019 0.0167 8219 9596 

 April 19, 2010  10:45 AM  R. Hopper 1 3306.57 182.15 3124.42 192 5,490  4.84 lb. FL (75% conc.)  7.75 84c n.a. n.a. n.a. n.a.  n.a. n.a.   850 (MG 1-5)  >2865 4177 n.a.   n.a.   1,498 @ MG-2.5  3028 3046 0.2 n.a. 0.014 0.0130 n.a. n.a. 

 May 21, 2010  1:00 PM  R. Hopper 2 3306.57 182.4 3124.17 192 5,490  5.01 lb. FL (75% conc.)  8 84c 66 1,996 198 665 139 948  850 (MG 1-5) >2865 4177 17  1.10 @ MG-2.5   1,640 @ MG-2.5  3028 3046 0.2 0.13 0.014 0.0130 9347 10267 

 Dec. 17, 2010  2:35 PM  Meyer 1 3334.55 180.78 3153.77 205 11,900  8 lb. FL (75% conc.) 15 84c 260 1,098 626 456 528 541  1140 (MG 7-13) >6320 9185 40  0.37 @ Bench spr.   489 @ MG-4  3033 3046 0.2 n.a. 0.009 0.0080 10075 n.a. 

 March 25, 2011  3:00 PM  Meyer 2 3334.55 183.21 3151.34 205 11,900  14 lb. FL (75% conc.) 14 84c 261 1,094 671 426 552 517 n.a. >6320 9185 41  0.59 @ Bench spr.   744 @ MG-4  3033 3046 0.2 0.25 0.009 0.0078 9617 10853 

 June 7, 2011  11:30 AM  N. Riddle 1 3266.5 172.1 3094.4 171 2,660  0.46 lb. RWT (100% conc.) 0.25   n.a. n.a. n.a. n.a.  n.a. n.a.   300 (MG 18-20)  n.a. n.a. n.a.   n.a.   76.75 @ MG-19  3026 3026 0.2 n.a. 0.026 0.0163 n.a. n.a. 

 July 11, 2011  2:00 PM  R. Conklin 1 3297.86 137.5 3160.36 166 3,653  3 lb. FL (75% conc.) 3 84c n.a. n.a. n.a. n.a.  n.a. n.a.   600 (MG 7-11.7)  n.a. n.a. 30  n.a.   870 @ MG-11  3034 3046 0.2 n.a. 0.031 0.0277 n.a. n.a. 

 Aug. 19, 2011  10:50 PM  R. Conklin 2 3297.86 137.5 3160.36 166 3,653  6 lb. FL (75% conc.)  6 84c 30.5 2,874 122.5 716 82.5 1063 n.a. n.a. n.a. 30  3.53 @ MG-11   1,180 @ MG-11  3034 3046 0.2 0.12 0.031 0.0277 4572 5159 

 Nov. 18, 2012   2:09 PM  N. Victor 1 3363.55 205 3158.55 243 16,350  14 lb. FL (75% conc.) 14 84c n.a. n.a. n.a. n.a.  n.a. n.a.   1200 (estimated MG  
16-3)  n.a. n.a. 110 

(estimated)   0.3 @ MG-12   468 @ MG-14  3031 3046 0.2 n.a. 0.007 0.0063 n.a. n.a. 

 Nov. 4, 2013  2:45 PM  N. Victor 2 3363.55 203.71 3159.84 243 16,350  21 lb. FL (75% conc.) 21 > 84 696 564 1803 218 1848 212  1,900 (MG 17.5 - 4) 11,000 13,000 100  0.55 @ MG-12  2,230 @ MG-13 3031 3046 0.2 0.61 0.007 0.0064 6262 6687 

 Dec. 13, 2012   11:29 AM  Ashmead 1 3240.20 97.00 3143.20 147 2,170  2 lb. FL (75% conc.)  4   17.5 2,976 n.a. n.a.  31.5 1653  600 (CL 300-401)  n.a. n.a. 5  6 @ CL-404   1,120 @ CL-400  3056 3078 0.2 n.a. 0.030 0.0185 n.a. n.a. 

 Jan. 31, 2013   12:35 PM  Ashmead 2 3240.20 95.50 3144.70 147 2,170  1 lb. FL (75% conc.) 4   17 3,064 40 1302 32.5 1602 n.a. n.a. n.a. 5  2.61 @ CL-404  n.a. 3056 3078 0.2 0.08 0.031 0.0192 8472 13551 

 Oct. 25, 2013  10:57 AM  Ashmead 3 3240.20 95.70 3144.50 147 2,170  0.5 lb. (75% conc.) 4   17 3,064 38.5 1353 32 1628 n.a. n.a. n.a. 4  1.35 @ CL-404 n.a. 3056 3078 0.2 0.08 0.031 0.0191 8828 14147 

 Nov. 14, 2013   3:16 PM  Strickland 1 3267 60.89 3206 108 18,500  6 lb. FL (75% conc.) 6   576 771 n.a. n.a.  792 561  5,000 13,000 n.a. 63  0.105@Briggs spr.  119 Banbury spr. 
south side 3093 3093 0.2 0.23 0.006 0.0048 18356 23571 

 Stearns, Harold  
(USGS 1936)  

                          750                                 

a = used dominant flow velocity in calculation 
b = estimated 
c = inferred from Victor Trace #2 data 
*This table of data was updated Oct. 2, 2014 and data presented earlier is superseded by this information.  
*It is up to the user to evaluate for significant digits but some data such as elevation was achieved to 2 decimal places from base/rover gps. 
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