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Background 
Evidence of water seeping through the right abutment of Guernsey Dam in Wyoming was recently 
discovered by powerplant operators.  This evidence was presented during a November 2020 team 
risk analysis conducted by Reclamation’s Technical Services Center (TSC) as part of an ongoing 
issue evaluation study aimed for better understanding dam failure risks due to internal erosion at 
Guernsey Dam.  The evidence included 1) a hole in the right abutment creating a vortex at lower 
reservoir water surface elevations, 2) sand boils in the tailrace area near the powerplant and south 
spillway outlets; and 3) leakage in the south sluice gate chamber access stair well (Reclamation, 
2022).  Members from TSC’s Hydraulic Investigations and Laboratory Services Group injected 
rhodamine WT (RWT) dye into the reservoir near the suspected vortex hole in the right abutment to 
determine if water entering the hole seeps through the dam embankment, exiting through the sand 
boils in the tailrace area (Figure 1). 
 

 
Figure 1. Aerial image showing the locations of the vortex hole in the right abutment, suspected 
seepage path, and the observed sand boils in the tailrace. 
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Dye Test Methodology 
The dye test was performed by releasing RWT dye through a temporary hose that terminated near 
the suspected vortex hole in the right abutment and monitoring dye concentrations at selected 
locations downstream using fluorometers.  The fluorometers logged instantaneous measurements of 
dye concentration every minute throughout the duration of testing.        

Rhodamine WT Dye  
Rhodamine WT (RWT) was selected as a suitable dye because of its common use and detectability.  
RWT is a red-colored dye that easily dissolves in water.  It is a non-toxic chemical commonly used 
for dye studies in rivers, streams, lakes, and reservoirs (EPA, 2017).  Although larger concentrations 
of RWT can be easily observed without any equipment, fluorometers1 were used to detect and 
record smaller concentrations at specific locations downstream from the release site.  RWT naturally 
decays in sunlight, making it an ideal dye for testing in the environment (Smith, 2020).     
 
The Turner fluorometers used for this investigation have a RWT detection limit between 0.1- and 
500-parts per billion (ppb).  Because RWT is supplied as a 20-percent, by weight, aqueous solution 
(referred herein as 20-percent RWT), care must be taken to prevent exceeding the detection limits of 
the sensor.  The 20-percent RWT solution was approximately diluted by a factor 200 and 50 for two 
separate release tests.  As the RWT injection moves downstream, it becomes less concentrated as it 
continues to mix.   

Dye Release 

Release Assembly 
Prior to the dye test, an assembly was fabricated onsite to release the RWT dye near the vortex hole 
in the right abutment.  The assembly was installed in March 2022 when the reservoir water surface 
elevation was below elevation 4,375 ft, the assumed elevation of the vortex hole in the right 
abutment.  At the time of installation, there was no evidence of the vortex hole in the right 
abutment.  The release location was chosen based on visual observations from powerplant 
operators.  The operators believed a large stump, visible in the right abutment, became lodged in the 
hole when a shallow-water vortex formed (Figure 2).   
 

 
1 This investigation used the Eureka Manta2 water probe with a rhodamine dye fluorometer.  The probe was calibrated 
using a two-point calibration between zero and rhodamine 20-percent WT solution.  The sensor has a detectable range 
between 0.1- and 500 ppb. 
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Figure 2. Photograph showing the RWT dye release location on the right abutment. 
 
A 5-gallon bucket was used to release dye into the reservoir (Figure 3).  A PVC valve at the bottom 
of the bucket was used to control flow into a ¾” flexible tube.  The flexible tube follows the 
embankment of the right abutment (Figure 4) until it connects to a short section of galvanized pipe 
fastened to a large boulder near the vortex hole.  The dye was released through a strainer connected 
to the galvanized pipe (Figure 5).   
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Figure 3. Photograph showing the location of the 5-gallon bucket using for mixing and releasing 
the RWT dye through the flexible tubing. 
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Figure 4. Photograph showing the flexible tube along the embankment of the left abutment.   
 

 
Figure 5. Photograph showing the release assembly showing the strainer attached to 
galvanized pipe.  The other end of the pipe is attached to the flexible tubing (not shown). 
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Dye Tests 
Dye tests were conducted on May 23 and May 24, 2022.  The powerplant did not operate during this 
time to prevent interfering with the tests.  The reservoir maintained a water surface elevation of 
4,408 ft during testing.  The dye release point was about 33 feet below the reservoir water surface 
and could not be seen. The dye release assembly was pressurized using a portable air compressor to 
clear the line of debris prior to the dye tests.  The dye was released by first mixing a volume of the 
20-percent RWT solution with 5-gallons of water in a bucket and then opening the PVC valve, 
releasing 5-gallons of dye solution into the flexible tubing leading to the release strainer.  Upon 
draining, an additional 5-gallons of water was added to the bucket to flush any remaining dye into 
the reservoir.  The entire release process took about an hour.  Table 1 summarizes the two RWT dye 
releases. 
 

Table 1. RWT dye release tests. 

Release # Volume of 20% 
RWT (mL) Time of Release 

1 120 5/23/2022 17:00 

2 400 5/24/2022 10:00 

Dye Detection 
Five fluorometer sensors, located downstream of the release location, measured RWT 
concentrations after its release.  One of the sensors was placed in a sump used for collecting seepage 
from the stairwell in the sluice gate chamber.  At the time of testing, seepage was visually observed 
in the stairwell.  Another sensor was lowered from a walkway above the opening of the morning 
glory spillway into the spillway tunnel.  The spillway was not spilling reservoir water during testing; 
however, seepage was visually observed along the concrete walls forming the morning glory along 
with sluice gate leakage.  The remaining sensors were placed in the tailrace, fastened to a concrete 
anchor, and moored to a marker buoy.  The tailrace sensors were located based on visual 
observation of sand boils by powerplant operators.  At the time of testing, no sand boils were 
observed.  The five locations are summarized in Table 2 and shown in Figure 6.  All sensors were 
deployed prior to releasing the dye and recorded RWT concentrations at one-minute intervals.  
Photographs showing sensor locations are presented in Figures 7 through 10.  
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Table 2. Description of fluorometer sensor locations. 

Sensor ID Location 

3 Sump located in the sluice gate chamber 

7 Lowered directly into the morning glory spillway from above 

1 Submerged in tailrace near powerplant outlet 

4 South side of tailrace near spillway tunnel outlet 

5 North side of tailrace at suspected location of sand boil 

    
 

 
Figure 6. Aerial image showing the location of fluorometer sensors used for measuring RWT 
concentrations. 
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Figure 7. Photograph showing the location of Sensor 3 in the sump collecting seepage water at 
the bottom of the sluice gate chamber.   
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Figure 8. Photograph showing the morning glory spillway.  Sensor 7 was lowered directly into 
the spillway tunnel from the walkway access on top. 
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Figure 9 – Photograph showing the location of Sensor 1 in the tailrace near the powerplant 
outlet.  The sensor was anchored on the bottom of the tailrace and moored to a marker buoy. 
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Figure 10. Photograph showing the location of Sensors 4 and 5.  Both sensors were anchored 
to the bottom of the tailrace and moored to a marker buoy.  Not shown in this photograph, the 
spillway outlet tunnel is a short distance upstream from Sensor 4. 
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Results 
The combined fluorometer sensor data from the two dye tests are presented in Figure 11 and Figure 
12. 
 

 
Figure 11. Dye test concentration data observed during the first release of RWT dye into the 
reservoir at 17:00 on May 23, 2022.  For this release, 120 mL of 20-percent RWT dye was 
mixed with 5-gallons of water and released. 
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Figure 12. Dye test concentration data observed during the second release of RWT dye into the 
reservoir at 10:00 on May 24, 2022.  For this release, 400 mL of 20-percent RWT dye was 
mixed with 5-gallons of water and released. 
 
Fluorometer data from both tests seem to follow similar patterns.  The dye first arrives in the 
spillway tunnel at Sensor 7 about 30 minutes after release.  As the dye moves through the spillway 
tunnel through the outlet, concentrations in the tailrace near the outlet (measured by sensor 4) begin 
to increase about 2-hours and 45-minutes after release.  Increased dye concentrations in the tailrace 
at sensor 5 were detected 4-hours after release.  Dye concentrations in the sluice gate chamber sump 
(sensor 3) increase above background levels of 12 ppb about 4 ½ hours following the release.  No 
significant RWT concentration was detected at sensor 1, located near the powerplant outlet in the 
tailrace.  RWT concentration observed in the sluice gate chamber sump continues to increase during 
the second release test because the water level in the sump remained below the pump control level 
(i.e., the sump was not drained during the tests).  The intermittent, spiked observations recorded by 
sensor 4 during the second test (Figure 12) are believed to result from a loose battery connection, 
resulting in zero concentration sample measurements. 
 
At approximately 14:00 during the second test on May 24, 2022, RWT dye was visibly detected in 
the tailrace.  Figure 13 and Figure 14 show this dye plume.  This dye plume remained visible in the 
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tailrace for about an hour before being flushed into the North Platte River downstream.  The origin 
of the RWT plume was not visually determined. 
 

 
Figure 13. RWT dye observed in tailrace during second release test.  The spillway outlet tunnel 
is shown on the right. 
   
 



 

15 

 
Figure 14. RWT dye observed in the tailrace during the second release test. 
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Conclusions 
Two RWT dye tests, performed at Guernsey Dam on May 23 and May 24, 2022, detected a 
connection between a location upstream in the reservoir, near the suspected vortex location on the 
right abutment and four downstream locations: the morning glory spillway tunnel, the sluice gate 
chamber, and the spillway outlet tunnel in the tailrace.  Seepage through the dam embankment from 
the vortex hole on the right abutment releasing into the tailrace through sand boils could not be 
confirmed.  Dye concentrations detected in the tailrace are likely from leakage around the spillway 
sluice gate and could not be distinguished from any dye released through sand boils.   
 
The 4-hour travel-time from the release site to the gate chamber sump covers a fraction of the 
distance of the seepage path to the tailrace.  As a result, it is possible that the fluorometers were not 
in place long enough to capture RWT which traveled along this potential seepage path.  It is 
recommended that future dye testing be conducted over several days to capture dye plumes from 
other potential (longer) seepage paths.  Dye traveling around the spillway sluice gate was detected 
within 4-hours of the dye release and was visually observed to flush out from the tailrace into the 
North Platte River within a few hours.  If dye were to enter the tailrace through the sand boils 
several days after release, concentrations could be detected and assumed to be independent of the 
dyes that traveled through the spillway tunnel. 
 
All the fluorometer data collected for this investigation are presented in Figure 11 and Figure 12.  
This investigation does not compute or derive any values for travel time, flows, or volumes using the 
collected data.  The travel times presented in this investigation are only approximations made by 
visually inspecting Figure 11 and Figure 12.  The results are presented as observed and with limited 
interpretation. 
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