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i. EXECUTIVE SUMMARY 

This report presents the results of a Willowstick® geophysical investigation to identify, map and 
model preferential seepage flow paths out of Middle Piney Lake.  This report also discusses how 
the technology was applied to the site, the findings of the investigation, interpretations and 
recommendations.   
 
The application of the technology, as applied to Middle Piney Dam, is based on the principle that 
water seeping through the subsurface substantially increases the conductivity of earthen 
materials as a general rule.  As the signature electric current flows between strategically placed 
electrodes (located on both sides of the dam) it concentrates in the more conductive zones (i.e., 
in areas of highest transport porosity) where lake water seeps relatively freely through the 
subsurface.  Magnetic fields generated from the distribution of electric current were measured 
and used to identify preferential electric current flow paths.  The concentration and distribution 
of electric current was then interpreted and modeled to characterize how and where seepage 
potentially occurs.     
 
Three independent energizing configurations were employed to investigate the subsurface study 
area.  Magnetic fields from all three data sets identified similar patterns of electric current flow 
revealing areas of potential seepage.  Figure i summarizes the results. 

 

 
Figure i –Summary of Preferential Seepage Flow out of Middle Piney Lake 

Horizontal Slice of ECD Model – Elevation 8810 Feet 
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Figure i presents a horizontal slice taken through the electric current distribution (ECD) model at 
elevation 8,810 feet.  This elevation slice is representative of seepage flow through the right rim 
study area.  For reference, the crest elevation of the dam is approximately 8,840 feet.  The invert 
elevation of the outlet pipe is reported to be 8,815 feet.  The outlet pipe is a 42” diameter 
corrugated metal pipe.  The lake level at the time of the investigation was slightly over the top of 
the outlet pipe—at approximately elevation 8,819 feet.  Therefore, this investigation 
characterizes seepage flow paths at a low water level.  At higher water levels, it is possible that 
other seep paths may exist.       
 
The ECD model identifies areas where electric current concentrates as it flows out of the lake.  
The light green to dark green shading in the figure (going up in scale) indicates increasing levels 
of electric current density.  The light blue to dark purple shading (going down in scale) indicates 
weak electric current flow.  The solid yellow arrows identify preferential seepage flow paths.  
The footprint of the dam is outlined in brown at the very northwest corner of the model.  The red 
dotted line indicates the toe of the landslide, and the large red arrow indicates the direction of the 
landslide.  The thick black dashed line infers the alignment of the old creek channel prior to the 
landslide.  The thin dashed blue lines identify surface drainage.  The green circle identifies a sink 
hole in the landslide.             
 
Based on the ECD model as well as other information provided of the site, it is theorized that 
when the landslide broke loose from the mountainside to the southeast, it buried the old creek 
channel.  The landslide, however, did not cut water off completely from flowing through the 
landslide debris.  Seepage occurs through the landslide debris, possibly draining into the buried 
creek channel or through other permeable zones within the slide mass.  The ECD model suggests 
that water seeps out of the lake through the landslide along the right rim area as noted in Figure i.  
The main inferred seepage path (indicated by thin black dashed lines on Figure i) appears to 
enter the slide mass in a zone located between 300 and 400 feet southwest (along the shoreline) 
from the outlet pipe.   Not all seepage follows the inferred main seepage zone through the 
landslide.  A small amount flows toward the existing creek channel as noted by the yellow 
arrows that point to the northwest and north.  These branching seep paths are relatively 
shallow—flowing between the surface elevation of the lake (elevation 8,819 feet) and the 
existing creek channel (at about elevation 8,815 feet) where water is observed flowing out of the 
ground.  The main seep path, which may be trending along the alignment of the buried creek 
channel, occurs between elevations 8,819 feet [existing lake level] draining downward along a 
steep gradient to approximately elevation 8,770 feet or deeper within the slide mass (see Figures 
ii and iii – Cross Section E-E’ and Longitudinal Profile C-C’, respectively, for additional 
information).   
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Figure ii – Cross Section E-E’ 

 

 
Figure iii – Longitudinal Profile C-C’  

 
There were no other preferential seepage flow paths identified through the earthen dam or right 
rim study area as a result of the investigation, which was performed at a low lake level.            
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The information contained in this report can be used in making informed, guided and cost-
effective decisions concerning further evaluation of seepage flow through the right rim study 
area of the Middle Piney Dam.  
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1.0 INTRODUCTION 

1.1 General 
This report presents the results of a Willowstick geophysical investigation performed by 
Willowstick Technologies, LLC (Willowstick) for Miller Geotechnical Consultants, Inc. to 
identify, map and model pathways of preferential seepage flow out of Middle Piney Lake.  
Middle Piney Lake is located about 25 miles west of Big Piney, Sublette County, Wyoming (see 
Figure 1). 
 

 
Figure 1 – Project Location Map 

1.2 Background 

The Middle Piney Dam, which is a relatively small earthen embankment (30 feet high by 
approximately 100 feet long), is situated along the upstream margin of a massive landslide that 
comprises the right abutment and right rim area of the dam.  The landslide, which is an ancient 
feature, originated from the adjacent mountainside to the southeast.  The landslide failed into the 
canyon floor, which lay at the foot of the mountain forming a natural dam across the valley’s 
drainage basin.  As a result, the original drainage creek was buried forcing water to backup and 
overflow the toe of the landslide where it abuts the northwest mountainside.  In 1940, an earthen 
dam was constructed across the creek near the upstream margin of the landslide taking advantage 
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of the fill material displaced by the landslide.  The landslide comprises most of the dam across 
the valley (total width – 1500 feet, see right rim study area in Figure 2).   
 

 
Figure 2 – Project Side Map 

 
Water from the lake is currently used to supply irrigation demands to irrigators located 
downstream.  There is considerable seepage through the landslide debris and irrigation water is 
only available during heavy spring runoff when inflows into the lake exceed outflows (overflow 
from the dam and seepage through the landslide debris).   
 
At the time of the investigation only two seeps were flowing—Seeps #1 and #2.  There was no 
water flowing from Seep #3, which was reported to be the largest of the three seeps.   
Apparently, Seep #3 stops flowing when the reservoir level is low.  
 
The crest elevation of the dam is approximately 8840 feet.  The invert elevation of the outlet pipe 
is reported to be 8815 feet.  The outlet pipe is a 42” diameter corrugated metal pipe.  The lake 
level at the time of the investigation was slightly over the top of the outlet pipe—putting the lake 
level at about elevation 8819 feet.  Assuming a freeboard of approximately 3 feet, this would put 
the water level at a low level—nearly 18 feet below high water level or 21 feet below the crest of 
the dam.  Originally, it was thought that the lake level would be much higher following spring 
runoff.  However, due to a poor winter snow pack, the lake did not fill as anticipated.        
 
The current owner of the dam (the U.S. Forest Service) is considering decommissioning the dam 
due to safety concerns related to excessive seepage.  The irrigators are exploring the possibility 
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of taking over ownership of the dam.  With this in mind, the irrigators are desirous to better 
understand the issues and costs associated with taking over ownership of the dam and making the 
site suitable for irrigation storage.     
           

1.3 Purpose of Investigation  
The purpose in performing the Willowstick geophysical investigation is to help characterize 
seepage flow out of Middle Piney Lake.  The results of the investigation are intended to provide 
insight into seepage flow paths in order to successfully evaluate, monitor and possibly remediate 
seepage problems.  Due to the low water level in the lake at the time of the investigation—there 
was some hesitancy on the part of the Wyoming Water Development Commission (WWDC), 
which is funding the study, to perform the seepage investigation at this time.  Nevertheless, after 
some discussion, it was felt that a survey at low water level compared to a follow-up 
investigation at high water level may be extremely helpful in evaluating the integrity of the 
embankment (dam, right abutment and right rim study areas).  Therefore, a follow-up 
investigation may be considered at some future date when the lake level is at high pool.        
 
Because saturated strata act as good subsurface electrical conductors, the geophysical technology 
employed for the investigation energizes the lake with a signature electric current.  This electric 
current follows the water-saturated zones out of the lake beneath and/or through the earthen dam 
and right rim study area.  By identifying preferential electric current flow paths out of the lake, 
the technology can successfully answer questions about where water seeping from the lake 
originates and how it escapes the earthen dam and/or landslide embankment.  
 
Although the technology can identify zones of preferential seepage flow, it does not directly 
identify the volume of water or the direction of flow.  It is safe to assume the direction of 
seepage flow is downstream.  Seepage flow rates, however, should be determined by other field 
methods.   
 
This report presents the Willowstick methodology, how it was applied to the site, and the 
findings of the investigation, interpretation and recommendations.  The information contained 
herein can be used by Miller Geotechnical Consultants, Inc. in conjunction with other data to 
better understand seepage conditions.  

2.0  WILLOWSTICK METHODOLOGY 

2.1 Technology Explained  
The Willowstick technology has been successfully used on many earthen dams and landslides to 
identify, map and model preferential seepage flow paths.  If the reader is unfamiliar with the 
methodology, the reader is referred to the White Paper available at www.willowstick.com.  The 
White Paper presents detailed information about how the technology is used to characterize 
zones of highest transport porosity or subsurface preferential flow paths.  The White Paper can 
also be used as a reference to help explain certain concepts of the exploratory and diagnostic 

http://www.willowstick.com/
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process.  See “Table of Contents” at the beginning of the White Paper for a quick reference guide 
to find specific sections that can help clarify certain aspects of the survey and modeling process.   

3.0  CONTRACT AND WORK SCHEDULE INFORMATION 

3.1 Contract Information 
Miller Geotechnical Consultants, Inc. is currently under contract with  States West Water 
Resources Corporation to provide technical services of which Willowstick is an approved 
subcontractor.  On June 7th, 2012 Willowstick was authorized by Miller Geotechnical 
Consultants, Inc. to perform the geophysical seepage investigation of the Middle Piney Dam and 
right rim study area.   
 
The representative for Miller Geotechnical is: 
 

Debora J. Miller 
President 

deb.miller@MillerGeotech.com 
 
 
The representative for Willowstick is: 
 

Paul Rollins 
Vice President - Business Development 

prollins@willowstick.com  

 

3.2 Work Schedule 
On Monday, June 18th, 2012, a Willowstick field crew and geophysical equipment were 
mobilized to Big Piney, Wyoming from Willowstick’s headquarters in Draper, Utah.  Fieldwork 
was initiated the following day.  Fieldwork entailed mapping cultural features pertinent to the 
investigation, laying out circuit wire around the survey study area, placing electrodes in the lake 
and downstream of the dam and right rim study area, energizing the subsurface study area, and 
measuring and recording magnetic field intensities over the surface of the dam and right rim 
study area.  The fieldwork took approximately one week to complete, ending Saturday, June 23rd.  
Data reduction, interpretation and report writing took an additional six weeks to complete.  The 
entire investigation was completed in roughly two months. 

4.0 APPROACH TO THE WORK  

4.1 Horizontal Dipole Configuration  
Figure 3 shows a typical cross-sectional view of a horizontal dipole configuration used for 
investigating the dam and right rim study area.   

mailto:deb.miller@MillerGeotech.com
mailto:prollins@willowstick.com
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Figure 3 –Horizontal Dipole Configuration Cross-sectional View 

 
A horizontal dipole configuration places an up-gradient electrode in the lake—directly in front of 
the study area.  A second electrode is placed down-gradient of the dam.  The overall approach to 
the horizontal dipole configuration includes injecting and driving electric current between the 
strategically placed electrodes located on either side of the earthen dam and right rim landslide 
embankment.  An AC electric current with a specific signature frequency (380 hertz) was applied 
to the paired electrodes.  As electric current flowed between the paired electrodes, it generated a 
recognizable magnetic field that was measured from the earth’s surface. The magnetic field was 
used to identify the location of preferential electric current flow paths.  By identifying the 
electrically conductive flow paths between the strategically placed electrodes, questions can be 
addressed regarding where seepage preferentially flows out of the lake.   

4.2 Measurement Station Density 
Measurement stations (small red crosses shown in the figures) were established on a 50-foot by 
50-foot grid for the survey configurations.  Many measurement stations were occupied 
repeatedly for quality control purposes.  The position and elevation of each measurement station 
was recorded as part of the fieldwork.  These spatial locations are critical to quality control 
measures, data processing, interpretation and modeling.  The measurement density or grid 
spacing was adequate to obtain sufficient detail and resolution for identifying preferential electric 
current flow paths while at the same time, optimizing funds available for the investigation in 
order to adequately explore areas of potential seepage.    
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5.0 DATA REDUCTION 

5.1 General 
A geo-referenced aerial photograph of the dam and right rim study area was used as a base map 
for presenting the results of the investigation.  Some features critical to the investigation have 
been drawn on the aerial photo to enhance their presence and to supplement the information 
contained on the base map.  Please note that the figures presented here in the body of the report 
are also provided as full-size figures in the report’s Figures Section.  

5.2 Survey Configurations 

The investigation of the Middle Piney Dam and right rim study area employed three electrode 
configurations.  These three survey configurations are shown in Figures 4, 5 and 6 (Surveys #1, 
#2 and #3, respectively).   
 

 
Figure 4 – Survey #1 Layout and Study Area 
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Figure 5 – Survey #2 Layout and Study Area 

 

 
Figure 6 – Survey #3 Layout and Study Area 
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Originally, the circuit wire was to be looped around the study area to the northwest—up the steep 
mountainside.  This layout proved to be too difficult and dangerous to implement.  As a result, 
the investigation was divided into two smaller study areas: 1) the dam and right abutment and 2) 
the right rim area.  The circuit wire for these smaller study areas was then placed in much 
smaller loops around the lakeshore opposite the study areas—avoiding the steep and dangerous 
mountainside terrain.  The electrode configuration for Survey #1 (right rim study area) placed its 
circuit wire along the northwest shoreline of the lake.  The electrode configuration for Survey #2 
(dam and right abutment study area) placed its circuit wire along the southeast shore line.  The 
electrode configuration for Survey #3 placed its circuit wire similar to Survey #1.  Surveys #1 
and #2 adequately covered the original study area; however, Survey #3 was performed for 
confirmation purposes and placed its electrode directly in front of the seep zone identified in 
Surveys #1 and #2.  Survey #3 did not change or add to the overall interpretation, however, it did 
confirm the results of Surveys #1 and #2. 
 
In all three surveys, the down-gradient electrode was placed in a sinkhole located downstream of 
the dam and right rim study area.  At the time of the investigation, water was standing in the 
bottom of the sinkhole.  Due to its location and saturated condition, the sinkhole was considered 
an ideal location for the down-gradient electrode. 
   
The up-gradient electrode was placed in the lake in three different locations: Survey #1 placed its 
up-gradient along the west side of lake (opposite the study area); Survey #2 placed its up-
gradient electrode along the east shoreline; and Survey #3 placed its up-gradient electrode in 
front of the main seep zone—centered in the lake. 
 
In some cases more than one energizing perspective is needed to identify and confirm the more 
dominant flow of electric current through the dam and right rim study area.  It is sometimes 
difficult to know just how many or which electrode configuration(s) will enable adequate 
characterization of subsurface flow patterns.  In some cases, only one electrode configuration is 
required to obtain sufficient information about a particular seep; whereas, in other cases, several 
configurations may be required (depending upon cultural features and complexity of the site).  
Determining the number or energizing perspectives and which one(s) are best suited for a 
particular site often requires some trial and error work.           

5.3 Summary of Data Reduction, Filtering and Quality Control 
After energizing the three electrode configurations and collecting the magnetic field data, the 
data was reduced, normalized, and subject to appropriate filtering and quality control criteria to 
prepare it for interpretation and modeling.  For more details regarding data reduction, quality 
control criteria, and data filtering, refer to the White Paper (www.willowstick.com). 
 
It should be noted that circuit continuity, magnetic field strength, and signal-to-noise ratios for 
all three surveys was strong indicating quality data.  The noise floor (mean ambient field noise, 
determined from a sampling of several frequencies in the noise spectrum) remained low and 
constant throughout the investigation.  Numerous measurements were repeated throughout the 
course of the field work, all of which indicated clean, consistent and reliable data.   
 

http://www.willowstick.com/
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6.0 SURVEY #1 RESULTS 

6.1 Survey #1 Magnetic Field Map 
Figure 7 presents the resultant magnetic field contour map created from the injected electric 
current for Survey #1’s study area (right rim area).   
 

 
Figure 7 – Survey #1 Magnetic Field Map 

 
The semi-transparent red cloud highlights the area of strong influence around the circuit wire.  
Because 100% of the electric current must pass through the circuit wire and electrodes, the 
magnetic field intensifies near these appurtenances.  As a result, very little information can be 
obtained inside the clouded area.  A physical example of this effect would be like looking at the 
sun.  The sun is too bright and domineering to see any distinguishable features in or immediately 
around it.  However, as one looks away from the sun, things become very clear and 
distinguishable.  Therefore, data collected outside the semi-transparent red cloud is reliable. 
 
As noted, the very northwest edge of the study area falls within the influence of the circuit wire.  
The steep mountainside was too dangerous to lay the circuit wire any further away from the lake 
than shown.  As a result, caution should be used when interpreting magnetic field data in the 
northwest reaches of Survey #1.  This will be addressed later in the report.  In order to interpret 
the raw magnetic field data, it is important to compare the data to the predicted magnetic field 
model based on uniform flow in a homogenous earth.  This causes the concentration of electric 
current due to the heterogeneity of the site to stand out. 
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6.2 Survey #1 Predicted Magnetic Field  
To identify areas of greater or lesser conductivity through the subsurface study area, a model was 
created of the site predicting the magnetic field response expected at each measurement station 
given the position of the circuit wire and electrodes.  This prediction is made under the 
assumption of a homogenous subsurface conductivity environment (see Figure 8).  The model 
predicts the effects of the electrodes and circuit wire on each magnetic field measurement 
station.    
 

 
Figure 8 – Survey #1 Predicted Magnetic Field 

 

6.3 Survey #1 Ratio Response Map  

By dividing the measured magnetic field data (Figure 7) by the predicted magnetic field data 
(Figure 8), a Ratio Response Map (see Figure 9) is created which removes electric current bias 
from the data set and shows areas of anomalous electric current flow (greater or lesser than 
predicted).  
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Figure 9 – Survey #1 Ratio Response Map  

 
In Figure 9, the white shaded contours (where the ratio is approximately 1:1) represent areas 
where the electric current intensity is equivalent to that predicted by the homogeneous model.  
Areas shaded purple indicate electric current flow is less than predicted, and areas shaded green 
indicate electric current flow is greater than predicted.  It is important to emphasize that the 
purple shaded areas should not be overlooked.  They can provide insightful information and can 
show preferential paths as revealed by the shape of contour lines, which is generally more 
important than the color. 

6.4 Survey #1 Pre-modeling Interpretation  
Figure 10 presents a “pre-modeling interpretation” of the electric current flow through the 
subsurface study area for Survey #1’s circuit wire and electrode configuration.  This map 
identifies several features that are important to its interpretation.  The black dashed circle 
identifies where electric current is most concentrated as it flows out of the lake toward the down-
gradient electrode.  The yellow lines identify preferential electric current flow paths.  The thick 
yellow line identifies the most dominant flow path out of the lake. 
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Figure 10 – Survey #1 Pre-modeling Interpretation 

 
Because the magnetic field is only measured at the earth’s surface rather than all around the path 
of seepage, it is difficult to identify with any degree of certainty the exact concentration and 
depth of preferential electric current flow.  In order to better determine distribution of electric 
current flow, the ratio response data requires an inversion algorithm (mathematical model) 
designed to predict the distribution of electric current flow in three dimensional space through 
the subsurface study area.  However, before this is done, the pre-modeling results of Surveys #2 
and #3 are presented next.  

7.0 SURVEY #2 - RESULTS 

7.1 General 
To avoid repetitious discussion, only the ratio response map and pre-modeling interpretation are 
presented for Survey #2 and #3.  To view Survey #2’s and #3’s magnetic field maps and 
predicted magnetic field models refer to the Figures Section of the report. 

7.2 Survey #2 Ratio Response Map and Pre-modeling Interpretation 

Figure 11 presents the resulting ratio response map and pre-modeling interpretation for Survey 
#2 (dam and right abutment study area).   
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Figure 11 – Survey #2 Ratio Response Map and Pre-modeling Interpretation 

 
The black dashed circle identifies where electric current is most concentrated as it flows out of 
the lake toward the down-gradient electrode.  The yellow lines identify preferential electric 
current flow paths.  The thick yellow line identifies the most dominant flow path out of the lake.  
The results of Survey #2 closely resemble that observed for Survey #1.   

8.0 SURVEY #3 - RESULTS 

8.1 Survey #3 Ratio Response Map and Pre-modeling Interpretation 
Figure 12 presents the resulting ratio response map and pre-modeling interpretation for Survey 
#3 (area between Surveys #1 and #2).  
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Figure 12 – Survey #3 Ratio Response Map and Pre-modeling Interpretation 

 
Again, the black dashed circle identifies where electric current is most concentrated as it flows 
out of the lake toward the down-gradient electrode.  The yellow lines identify preferential 
electric current flow paths.  The thick yellow line identifies the most dominant flow path out of 
the lake.  The results of Survey #3 closely resemble that observed for Surveys #1 and #2.  
Regardless of the position of the lake electrode, electric current preferentially flows out of the 
lake in the same general location.      

9.0 INVERSION MODEL 

9.1 Combined Ratio Response Map 
Because Survey #1 was partially influenced by the close proximity of the circuit wire in the 
northwest corner, Survey #1 and #2 were combined to provide a data set minimizing the overall 
influence of the circuit wire for modeling purposes.  Figure 13 presents the combined ratio 
response map.  As can be seen, the two data sets line up fairly well with each another.     
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Figure 13 – Surveys #1 and #2 Combined Ratio Response Map 

9.2 Inversion Model 

As mentioned, because magnetic field measurements can only be obtained on the earth’s surface, 
it is difficult to identify the vertical distribution of electric current flow.  For this reason, the 
combined ratio response map was subjected to an inversion algorithm (mathematical model) 
designed to predict the distribution of electric current flow in three dimensional space through 
the subsurface study area.  The inversion model is referred to as an Electric Current Distribution 
(ECD) model.  Figure 14 presents a 3D view of the ECD model created for the investigation.   
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Figure 14 – 3D View of ECD Model 

 
The (0,0,0) coordinate point of the model is an arbitrary point at the most western corner of the 
model.  This point will be referenced on all model views from this point forward.  It should be 
noted that the longitudinal axis’s are in meters whereas the vertical axis is in feet.  Willowstick 
uses MATLAB software to generate and analyze ECD inversion model volume data.  The model 
viewer can generate slices at any elevation or cross-section position within the volume as 
demonstrated in the example above.  Because unlimited slices and views can be created, 
Willowstick will provide all data in electronic format to Miller Geotechnical Consultants, Inc. 
(including ArcView shapefiles, compiled MATLAB models, etc.) which was used to create the 
maps, figures and models presented in this report.   

9.3 Interpretation of Electric Current Distribution Model 
To summarize the more notable findings of the ECD model, Figures 16 through 19 present 
horizontal slices taken through the model.  When analyzing elevation slices, it should be noted 
that, the model starts at roughly 10 feet below ground surface. Therefore any portion of a slice 
that is within 10 feet of the surface—which is above the model’s domain—will not show a value.  
This is illustrated in Figure 15.     
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Figure 15 – Sketch of Discretized Modeling Space  

(not to scale) 
 

Figure 16 presents a horizontal slice taken at elevation 8830 feet.  This elevation slice lies 
approximately 10 feet below the dam’s crest elevation and 11 feet above the lake level.  Please 
note that the slice does not extend beneath the upstream face of the dam and right abutment study 
area because of the explanation given above (the upstream face of the dam and right abutment 
embankment is not within the modeling domain in this elevation slice).     
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Figure 16 – ECD Model Horizontal Slice (Elevation 8830 feet) 
   
In Figure 16, this elevation slice is shaded mostly blue with some splotches of white, light green 
and even dark purple.  The most important observation with this elevation slice is that there are 
no continuous green shaded flow paths through the dam or right rim study area.  This was 
expected given the elevation slice is above the lake level.   
 
Figure 17 presents an elevation slice at elevation 8810 feet.  This elevation slice is taken just 
below the lake level.   
 

 
Figure 17 – ECD Model Horizontal Slice (Elevation 8810 feet) 

 
In Figure 17, a little bit of green shading is observed along the shoreline of the model—
indicating an increase in conductivity (interpreted as an increase in saturation).  This occurs 
mostly along the shoreline of the right rim study area.  The manmade earthen dam does not 
appear to show any significant sign of preferential electric current flow other than a little bit of 
white shading along the alignment of the corrugated metal pipe outlet—which was expected 
given the conductive nature of the pipe.  This elevation slice is shaded mostly blue with no 
significant green shaded flow paths continuous through the study area.  If there are preferential 
flow paths, they are highlighted with thin yellow arrows.     
 
Figure 18 presents an elevation slice at elevation 8790 feet.  This elevation slice is taken below 
the foundation of the dam.   

 



Middle Piney Dam – Seepage Investigation 
 

27 
Confidential and Proprietary 

For Miller Geotechnical Use Only 
 

 
Figure 18 – ECD Model Horizontal Slice (Elevation 8790 feet) 

 
Elevation slice 8790 feet (Figure 18) shows some indication of a continuous electric current flow 
path through the right rim study area (see thick yellow arrow).  A small amount of electric 
current bifurcates from the main flow path and flows to the north and northwest into the existing 
creek channel where seepage was observed flowing into the creek (see thin yellow arrow).  This 
smaller flow path fades as it approaches the creek channel.  This is observed in all elevation 
slices.  This is likely due to the flow path being near surface and outside the domain of the 
model.      
 
Figure 19 presents an elevation slice at elevation 8770 feet.  In addition to this horizontal slice 
and in an effort to further describe how electric current preferentially flows through the study 
area, Figure 19 references the locations of six vertical slices (cross-sectional and longitudinal 
profile views) taken through the ECD model.  These vertical sections are shown in Figures 19 
through 24.       
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Figure 19 – ECD Model Horizontal Slice (Elevation 8,770 feet) 

 
Figure 19 shows a relatively dominant flow path through the right rim study area (see thick 
yellow arrow).  It is theorized that this flow path may be the old creek channel before the 
landslide broke loose of the mountainside.  This is a deep and dominant flow path that parallels 
the toe of the landslide and existing creek channel.  It is speculated that this anomalous feature 
possibly represents the old creek channel.  The average slope of the undisturbed creek channel 
downstream from the landslide was projected up-valley underneath the study area along the 
alignment of the thick black dotted line shown in Figure 19.   The projected line of the channel 
grade crosses beneath the study area at about elevation 8,770 feet.  It should be noted that this 
inferred alignment passes just downstream and very close to the sinkhole where the down-
gradient electrode was placed.  Water seeping out of the lake along this flow path appears to 
occur between elevations 8,819 feet (existing lake level) down to elevation 8,770 feet (which is 
the estimated depth of the buried creek channel beneath the study area) or deeper.  The vertical 
slices of the ECD model (to be shown next) further characterize seepage flow along this inferred 
pathway.    
 
Not all of the water seeping out of the lake follows what is believed to be the dominant flow 
path.  A small amount bifurcates toward the existing creek channel as noted by the thin yellow 
arrows that point to the northwest and north.  These branching seep paths are relatively 
shallow—flowing between the surface elevation of the lake (elevation 8,819 feet) and the 
existing creek channel (at about elevation 8,815 feet) where water is observed flowing out of the 
ground.  Again, the vertical slices will further characterize these flow paths, but because they are 
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so shallow and the survey’s measurement stations are 50 feet apart, characterization of these 
paths is rather intermittent or “spotty”. 
 
Figure 20 (Longitudinal Profile View A-A’) shows a longitudinal profile view of the ECD model 
looking downstream.  This view cuts through the main and secondary flow paths observed in 
plan view.  
 

 
Figure 20 – ECD Model Longitudinal Profile View (Section A-A’) 

 
In this longitudinal profile view, seepage flow is most concentrated in the main leak path.  The 
greatest amount of electric current concentrates where the shading changes from white to dark 
green (see dashed oval labeled seepage zone in figure).  Minimal information can be discerned 
below this area because the model’s shadow effect is observed below this depth.  A good 
analogy for explaining the shadow effect is to think of the survey as shining a flashlight at 
something from above.  Wherever a solid object exists—e.g., some conductive pathway in this 
analogy—the top will be illuminated but a shadow will be cast below the “object”.  Note how the 
green shaded area spreads out going down through the model.  This is a result of the shadow 
effect from the seepage flow path.   The dominant seepage zone is believed to exist at the top of 
the shadow effect (where the shading changes from dark green to light green).   
 
The secondary flow path appears to occur very near the surface elevation of the lake.  This is 
evident from the change of white to green shading and the shadow that it casts down through the 
model.  There are no other seepage flow paths observed in this longitudinal profile view.  
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Figure 21 (Longitudinal Profile View B-B’) shows a longitudinal profile view of the ECD model 
looking downstream—the same as for Section A-A’, but further downstream. 
 

 
Figure 21 – ECD Model Longitudinal Profile View (Section B-B’) 

 
In this longitudinal profile view, the main seep zone is most noticeable.  The secondary seep path 
is outside the model domain (within 10 feet of the ground surface).  Note the anomalous features 
above the lake level (blue arrows).  These anomalous features are a result of surface runoff 
infiltration.  A careful examination of the ECD model in comparison to surface contours show 
these locations to be where drainage changes rapidly from steep to less steep and where surface 
water preferentially infiltrates the subsurface.  Again, this longitudinal profile view identifies 
what is believed to be the old creek channel at roughly elevation 8770 feet (where shading 
changes rapidly from white to green).  
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Figure 22 (Longitudinal Profile View C-C’) shows a longitudinal profile view of the ECD model 
looking downstream—the same as for Sections A-A’ and B-B’.  This vertical slice is the furthest 
view northeast or downstream.  Beyond this slice, the model starts to show green shading 
throughout the entire model space—due to what is called edge effects.  Caution is given when 
interpreting data near edges of the model because there are no measurement stations beyond this 
boundary to constrain the model.  As a result, sometimes edges give misleading information.  
This seems to be the case with the northeast edge of the model. 
 

 
Figure 22 – ECD Model Longitudinal Profile View (Section C-C’) 
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Figure 23 (Cross-sectional View D-D’) shows a cross-sectional view of the ECD model looking 
northwest.  This cross-sectional view cuts through the secondary seepage flow paths that drain 
toward the existing creek channel.  As mentioned, these seep paths are relatively shallow and 
barely within the modeling domain.      
 

 
Figure 23 – ECD Model Cross-sectional View (Section D-D’) 
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Figure 24 (Cross-sectional View E-E’) shows a view looking northwest through the anomalous 
feature believed to be the old creek channel.  The estimated depth of the creek channel is drawn 
in the cross-sectional view.  Note the transition from white shading to green shading and how it 
drops down to the elevation of the old creek channel.   Between the two dashed lines, seepage is 
flowing out of the lake and through the landslide debris into the old creek channel.  Also note the 
green shading along the right edge of the model.  As mentioned, there are no measurement 
stations beyond this boundary to constrain the model.  As a result, edges effects are noted.  
Caution is given when interpreting the edge of the model.   
 

 
           Figure 24 – ECD Model Cross-sectional View (Section E-E’) 

 



Middle Piney Dam – Seepage Investigation 
 

34 
Confidential and Proprietary 

For Miller Geotechnical Use Only 
 

Figure 25 (Cross-sectional View F-F’) shows a cross-sectional view along the crest of the dam 
and right abutment looking downstream.  As noted, a small amount of electric current follows 
the corrugated metal pipe out of the lake.  The shadow effect of the dominant seepage path is 
also noted.  It appears that the upstream face of the dam and right abutment landslide are 
somewhat saturated as lake water drains down into the dominant seepage path and then 
underneath the landslide mass.  As previously noted, as water seeps downward into the dominant 
seepage path, some bifurcates in the upper reaches of the model and flows toward the existing 
creek channel.      

 

 
Figure 25 – ECD Model Cross-sectional View (Section F-F’) 

 

10.0 SUMMARY OF INVESTIGATION 

10.1 Summary of Results 
The results of the investigation indicate that the Willowstick technology has provided significant 
insight about seepage flow out of Middle Piney Lake.  One main seep path was identified that 
may be following the alignment of the old creek channel buried beneath the massive landslide, or 
some other highly conductive zone within the slide debris.  This dominant flow path likely 
conducts the majority of seepage out of the lake based on the size and intensity of its magnetic 
field.  Secondary seep paths bifurcate off the main seep path to the northwest and north toward 
the creek.  These flow paths appear to be relatively shallow.  It should be emphasized that this 
investigation was conducted when the lake level was low.  Therefore, other seep paths could 
exist at higher lake levels.     
 
The survey results indicate that the electrode configurations and the measurement station spacing 
were appropriately designed and applied to the site.  The principal challenge of every 
investigation is to establish electric current flow through the subsurface study area that will help 
define and characterize changes in electrical properties.  In any given survey configuration, it 
should be recognized that the technology’s success is largely dependent upon the ability to 
establish electrical current flow that will follow and stay focused in the targeted medium that it is 
intended to follow (seepage flow out of the lake).  The results of the investigation suggest that 
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the signature electric current followed preferential seepage flow paths out of the lake through and 
beneath landslide’s right abutment rim.  Modeling was performed in an effort to estimate depth 
of seepage. 
 
It should be noted that although the technology delineated preferential electric current flow 
paths, it does not directly identify the amount of water seeping out of the lake.   

11.0 CONCLUSIONS AND RECOMMENDATIONS 

11.1 Conclusions 
Willowstick has identified electric current flow paths that reveal where seepage most likely 
flows out of the lake through the dam’s right rim study area.  The results obtained from the 
geophysical survey methodology will help Miller Geotechnical Consultants, Inc. to make 
informative decisions concerning how to further identify, monitor and/or possibly remediate 
seepage out of the lake.   

11.2 Recommendations  

It is recommended that the maps and models be carefully studied, understood and utilized as a 
planning tool.  Also, to better characterize the integrity of the dam, right abutment and right rim 
landslide embankment it is recommended that a follow-up investigation be conducted when the 
lake level is at high pool.  A comparison of the two investigations may prove very helpful in 
deciphering the integrity of the landslide debris as an embankment for the lake.     
 
The information contained herein should be compared with known information of the site to 
further characterize and substantiate subsurface conditions impacting seepage out of the lake.  
Willowstick is committed to assisting Miller Geotechnical Consultants, Inc. with whatever effort 
is required to fully understand the information presented herein.  Willowstick has provided the 
data in both hard copies (bound report) and electronic formats (including ArcView shapefiles, 
and ECD inversion models) which were used to create the maps and figures in the report.  All of 
this information will be kept on file at Willowstick’s headquarters.  

12.0 DISCLAIMER 

12.1 Disclaimer 
It should be recognized that the Willowstick geophysical survey methodology and inversion 
model are new and emerging technologies.  The data, interpretations and recommendations 
obtained from the survey and modeling methodology is based upon sound applied physics and 
Willowstick’s experience in working with and developing the technology.  By definition, the 
evaluation of geologic, hydro-geologic and/or geophysical conditions is a difficult and an inexact 
science.  However, Willowstick feels strongly that the technology has yielded information that 
can greatly help to characterize preferential seepage flow out of Middle Piney Dam.   
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 Appendix A2.  Willowstick Investigation Figures  
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Appendix B1.  2012 Middle Piney Boring Logs 
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Appendix B2.  2012 Middle Piney Boring Photos   
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Photo 1: Drilling Boring B-3. 

 

Photo 2: B-3 samples. 
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Photo 3: Drilling Boring B-4. 

Photo 4: Boring B-4 samples. 
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Photo 5.  Boring B-4 samples.   

Photo 6. Boring B-4 samples.   
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Photo 7.Boring B-4 samples.  Close up (35-36 feet); note fines. 

Photo 8.  .Boring B-4. Samples.  Bottom of hole at 51 feet.   
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Photo 9.  View south of drill rig set up on Boring B-5.   

 

Photo 10.  Boring B-5 samples.   
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Photo 11.  Boring B-5.samples.  
 

Photo 12.  Boring B-5 samples (close up of Photo 11).   
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Photo 13.  Boring B-5 samples. (Note clean quartzite boulders)  
 

Photo 14.  Boring B-5 samples (close-up of sample in Photo 13; quartzite 
boulders).   
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Photo 15.  Boring B-5 samples.   

 

Photo 16.  Boring B-5, close-up of samples in Photo 15; note fine-grained matrix.   
  



 

10 

 
Photo 17.  Boring B-5 samples.   

 

Photo 18.  Drill rig set up on Boring B-6.  
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Photo 19.  Boring B-6 samples   

 

Photo 20.  Boring B-6 samples.   
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Photo 21.  Boring B-6 samples.   

 

Photo 22.  Boring B-6 samples.   
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Photo 23.  Boring B-6 samples.  (Note fine-grained matrix material) 

 

Photo 24.  Boring B-6 samples.   
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Photo 25.  Boring B-5 samples   

 

Photo 26.  Boring B-5 Samples (close up of sample in Photo 25).   
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Photo 27.  Boring B-6 samples.   

 

Photo 28.  Boring B-6 samples.   
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Photo 29.  Boring B-6 samples.   

 

Photo 30.  Drill rig set up Bring B-7 on dam crest.   
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Photo 31.  Drill rig set up on Boring B-7 on dam crest. (View from intake structure)  

 

Photo 32.  Boring B-7 samples.   
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Photo 33.  Boring B-7 samples.   

 

Photo 34.  Boring B-7 samples.   
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Photo 35.  Boring B-7 samples.   

 

Photo 36.  Boring B-7 samples.   
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Photo 37.  Boring B-7 samples.   

 

Photo 38.  Boring B-7samples.  Note light colored material is pulverized quartzite. 
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Photo 39  Drill rig set up on Boring B-8.  

 

 
Photo  40.  Boring B-8 samples.   
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Photo 41.  Boring B-8 samples.   

 

 
Photo 42.  Boring B-8 samples.   
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Photo 43.  Boring B-8 samples. Note large quartzite boulders.  

 

Photo 44  Boring B-8 samples. (Quartzite boulders)  
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Photo 45.  Boring B-8 samples.   
 

Photo 46.  Steel cover protection for piezometers.   
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Photo 47.  Piezometer with cemented steel cover and plastic plug.   

 

Photo 48.  Piezometer.  Note black mark on casing denotes the measuring point 
for water level monitoring.     
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Photo 49.  Test Pit TP-B.   

 

Photo 50.  Test Pit site after backfill  and clean up .   
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Appendix B3.  Middle Piney Laboratory Data 
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Appendix C.  Middle Piney Seepage Memo 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

TECHNICAL MEMORANDUM  

TO: FILE 

FROM: ALAN JEWELL, P.E. 

SUBJECT: MIDDLE PINEY PRELIMINARY ALTERNATIVES SEEPAGE ANALYSES  

DATE: MARCH 18, 2014 

CC:  

  

Seepage analyses were completed to analyze seepage cutoff alternative for Middle Piney 
Dam utilizing grouting and/or cutoff trench options. Substantial seepage is known to occur in the 
foundation and natural ground (landslide material)surrounding the dam. Seepage appear to be 
primarily related to an apparently clean quartzite boulder layer 10 to 15 feet thick contained within 
the landslide deposit. The primary goal of the options analyzed is to cutoff this layer to reduce 
seepage. Descriptions, rationale, and plan and section layouts of the various cutoff options are 
provided in the main report. The options are briefly summarized below: 

 Option A - Excavate a cutoff trench to remove the boulder layer and construct a 
downstream seepage control element to capture seepage. The upstream slope of the 
trench would receive geocomposite liner (GCL) or similar treatment to reduce seepage 
through the backfilled trench. 

 Option A1- Option A1 is the same as Option A, except it would include a single 
additional grout line in the bottom of the trench to extend the cutoff into the landslide 
material approximately 30 feet. 

 Option B - Consists of an extensive upstream grout curtain targeted at the quartzite 
boulder layer. 

Model Assumptions 

Steady seepage for all options were analyzed using the 2-D finite element software Slope/W 
by Geoslope International. The analyses presented here are necessarily approximate due to the 3-D 
nature of the problem and the 2-D limitations of the models. Also, data on the deep landslide is 
limited, but the deep landslide has a substantial impact on the model, according to the results. Much 
of the geometry in these models are extrapolated from existing boreholes and could be substantially 
different than shown. Hydraulic conductivity data are limited on materials, and are mostly selected 
conservatively by engineering judgment. 

Hydraulic conductivity values utilized in the analyses are listed below. Two permeability tests 
on exploratory samples were conducted in the landslide debris as discussed in the main report. These 
tests indicated permeabilities of 2x10-5 and 6.5x10-6 cm/sec and may be representative of vertical 
permeabilities, but piezometer responses to reservoir levels indicate that horizontal permeabilities 
could be very high, therefore a very high horizontal permeability has been assumed. Permeability of 
the quartzite boulder layer is based on the assumption that the layer contains no matrix. Based on 
estimated seepage flows observed under relatively high reservoir head (up to 10 cfs per States West, 
2009), a high permeability is warranted. It is likely that flow in this unit, if not restricted is no longer 
Darcian in nature, so the ability of the model to predict flows is limited at higher flows. Embankment 
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permeabilities are selected based on the assumption that landslide debris will be excavated and mixed 
by the random placement process, which will tend to reduce the presence of high permeability layers. 
Nevertheless, somewhat conservatively high values are used relative to the laboratory results. 
Permeabilities for other materials are based on experience / judgment. 

 

Material Kv (cm/sec) Kh/Kv Kh (cm/sec) 

Landslide 1.00E-04 30 3.00E-03 

Embankment 1.00E-05 10 1.00E-04 

Quartzite Boulder Layer 5.00E+00 1 5.00E+00 

Bedrock 1.00E-07 1 1.00E-07 

Filter 1.00E-02 1 1.00E-02 

Drain 1.00E+00 1 1.00E+00 

 

Model Setup 

Model runs were conducted for Cross Sections A-A', B-B' (corresponding to those cross 
sections described in the main report) and Cross Section Z-Z' (not shown in main report, but which 
represents a section along the existing outlet channel). Cross Section A-A' represents a critical section 
along the proposed spillway alignment which can cause a potential short circuit of seepage from the 
Quartzite Boulder layer upwards to the spillway in Options A and A1. Section B-B' represents a 
critical section for analyzing gradient from the Quartzite Boulder layer to the drain seepage control 
for Options A and A1. Section Z-Z' represents the critical section for Option B. Geometry for the 
various sections are presented in Figures 1, 2 and 3. 

Two reservoir levels are analyzed, one at NHWL=8836 and one representing the 100-year 
flood at 8841. The flood level is conservatively modeled as long term steady seepage. Further 
analyses should refine this analysis to be a transient analysis which will account for the transient 
nature of the flood and will likely reduce phreatic levels somewhat. 

 

Model Results and Discussion 

Results for model runs at NHWL=8836 are presented in Figures 4 through 9. Results for the 
100-year analyses are similar, and higher in all cases, but did not indicate a significant deviation from 
the NHWL results. 

Results indicate that all options result in manageable seepage flows, given the assumptions 
and limitations listed above. Results indicate that a key assumption is the permeability used for the 
landslide materials. The analyses assume that there are no high permeability conduits in the slide 
mass other than the Quartzite Boulder layer. This assumption is particularly critical in the case of 
Option B, which treats a very narrow width of an isolated layer. Due to the high permeability of the 
Quartzite Boulders upstream and downstream of the grout curtain, full reservoir head exists in the 
boulders upstream of the grout curtain and a high permeability exit through the boulder zone to the 
channel exists everywhere downstream. The 20-foot width of soils above and below the curtain 
effectively become the dam for seepage purposes.  
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Figure 9 illustrates that very high gradients of approximately 1.0 that develop at NHWL 
across this treated layer, and gradients of up to 1.5 would be expected to develop at levels of the 
PMF. The consequent risk of piping and development of short circuits anywhere above or below the 
grout curtain that could render it ineffective is high, and the risk of piping developing near the dam is 
high. Options A and A1 are very attractive in this respect because they lengthen seepage paths and 
reduce gradients substantially, particularly around the Quartzite Boulder layer. 

The high gradients of Option B are considered to be a fatal flaw based on the seepage 
analyses. Option A1 is the most attractive option, because it protects against high permeability 
conduits in the slide mass. Option A also reduces gradients substantially and represents a lower cost 
alternative. Neither Option A or A1 are fully penetrating cutoffs, and substantial, but manageable 
seepage is expected to occur through the slide mass. Based on Section B-B' the estimated flow rate in 
the drain at NHWL would be 50 gpm and 35 gpm for Options A and A1 respectively. Some 
optimization of this flowrate could be achieved potentially by examining different coverages of GCL 
and different (shorter) drain configurations. Overall seepage losses from the reservoir would be 
expected to be substantially higher and would likely encompass more extensive seepage paths not 
modeled. Option A1 is more attractive in terms of overall flowrate than the above numbers indicate 
if relatively shallow high permeability conduits exist in the slide mass. 



 

 

 
Figure 1 - Section A-A' Geometry (Option A, A1)
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Figure 2 - Section B-B' Geometry (Option A, A1)

1

2 3

4
5 6

7 8

9

10 11
12

13

14 15

16

17

18

19

20

21 22

23 24
25

26 27
28

29
30 31

323334

3536
3738 394041 4243

4445

Embankment
Embankment Landslide

Landslide

DrainQuartzite Boulder

Grout Line

GCL

Bedrock



 

 

 
 
 

Figure 3 - Section Z-Z' Geometry (Option A) 
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Figure 4 - Section A-A' Option A Results 
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Figure 5 - Section A-A' Option A1 Results 
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Figure 6 - Section B-B' Option A Results 
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Figure 7 - Section B-B' Option A1 Results 
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Figure 8 - Section Z-Z' Option A/A1 Results
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Figure 9 - Section Z-Z' Option B Result 
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Appendix D1.  Option A Single Line Grout Curtain 
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Appendix D2-Option B Grout Curtain  
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Appendix E.  Middle Piney Aquatic Resources Inventory 
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INTRODUCTION AND BACKGROUND 

This report presents the results of an aquatic resource inventory conducted for the Middle Piney 
Dam rehabilitation project in Sublette County, Wyoming.  The Middle Piney dam and reservoir 
are located approximately 30 miles west of Big Piney, Wyoming, near the county line between 
Lincoln and Sublette Counties.  The dam and reservoir are situated within the Big Piney Ranger 
District, Bridger-Teton National Forest, Wyoming.  Figures 1 and 2 depict the location of Middle 
Piney dam and reservoir. The reservoir location is described as SE1/4SW1/4, SE1/4, Sec. 7; 
S1/2NW1/4, SW1/4, Sec. 8, T30N, R115W. The dam and reservoir are located on the eastern 
side of the Wyoming Range in a steep-sided mountain valley at an elevation of approximately 
8,800 feet. This area is within the Western Mountains, Valleys, and Coast Region, Land 
Resource Region E (Rocky Mountain Forests and Rangeland). A Forest Service campground, 
boat ramp, and trailhead are also located near the dam site. The reservoir is a popular fishing 
spot and is stocked by the Wyoming Game and Fish. 
 
The existing Middle Piney dam structure, an earthen embankment, was completed in 1940 
(States West 2009). Middle Piney Reservoir was originally permitted to store up to 4,201 acre-
feet; however, the crest elevation of the spillway is at 8,836 feet, making the total storage 
capacity 3,350 acre-feet. Beneficial uses include irrigation, stock and domestic.  Assignment of 
interests in the water right have been transferred several times since construction was 
completed and ended in 2000 with all rights, title and interest being transferred and assigned to 
the U.S. Forest Service. The Bridger-Teton National Forest proposes to rehabilitate Middle 
Piney Reservoir because the current dam does not meet State and Federal safety standards. 
Should the dam fail loss of life and significant consequences to downstream infrastructure could 
occur. 
 
The existing dam embankment is situated along the upstream margin of a massive landslide 
complex that comprises the right abutment of the dam.  The landslide is an ancient feature that 
originated on the mountain slope southeast of the current dam site and failed towards the north 
across the valley bottom.  The slide mass formed a natural lake.  The original creek path was 
displaced to the north, overflowing the toe of the slide complex adjacent to the north slope of the 
valley.  A 28-foot high, approximately 100-foot long embankment dam was constructed across 
the creek near the upstream margin of the landslide complex, taking advantage of partial valley 
fill created by the landslide. 
 
The condition of the dam was investigated by engineering and geotechnical consultants on 
behalf of the Wyoming Water Development Commission (WWDC) and the Middle Piney 
irrigators.  The team investigated the outlet works, embankment, spillway, and access road. The 
concrete in the intake structure shows deterioration and cracking problems. The intake structure 
is also prone to debris build-up, which could cause the outlet works pipe to plug. The gate 
structure has also seriously deteriorated.  There is significant cracking within the concrete vault.  
The cracking in the vault is a structural concern that would necessitate the replacement of the 
structure.  Again, the cracking is most likely a result of differential settlement underneath the 
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vault.  The sluice gate and operator are also in poor condition and need to be replaced. The 
gate has not been used since the U.S. Forest Service took full ownership and operation of the 
facility in 2000. The main outlet pipe has deteriorated significantly. The pipe has rusted 
significantly with the expectation that the pipe will continue to deteriorate.  There has also been 
settlement that has caused the pipe to warp and crack in places.  This warping and cracking 
could cause water to infiltrate the dam foundation, which could eventually cause a piping failure 
in the dam. In addition to these structural deficiencies, Middle Piney Reservoir has had a history 
of seepage issues, which have been investigated through several geotechnical studies 
conducted by WWDC.  
 
The Middle Piney Reservoir drainage basin is 5.47 square miles (States West 2009). Middle 
Piney Creek and several unnamed tributaries flow into Middle Piney Reservoir. Steam flows are 
dominated by snowmelt runoff in the spring and early summer and discharge from springs and 
seeps, as well as rainfall events in the summer and fall.  According to a hydrologic study, water 
does not flow in Middle Piney Creek from January through mid-April (States West 2009). 
Downstream from the reservoir, Middle Piney Creek flows into the Green River.  
 

METHODS 

The aquatic resources inventory was conducted by reviewing color IR aerial photography, 
Google Earth photography, topographic maps, National Wetland Inventory (NWI) maps, the 
National Hydrology database, and previous reports, followed by a field investigation.  The field 
investigation was conducted July 23rd through 25th, 2013, by Elizabeth Lack and Greg Johnson, 
both wetland scientists at WEST. The field investigation included all areas within the normal 
high water mark of 8,840 feet elevation, which was staked in the field. This represents the 
elevation of the original permitted capacity of 4,201 acre-feet. The area within the 8,840-foot 
elevation level is defined as the “project area”.   
  
Wetlands are considered special aquatic sites and were delineated in accordance with methods 
described in the U.S. Army Corps of Engineers 1987 Wetland Delineation Manual (U.S. Army 
Corps of Engineers 1987) and the Regional Supplement to the Corps of Engineers Wetland 
Delineation Manual: Western Mountains, Valleys, and Coast Region (Version 2.0) (U.S. Army 
Corps of Engineers 2010).  The upper end of the reservoir consists of a large wetland complex, 
so a baseline and four transects were established per the Manual for areas greater than five 
acres in size. The 2013 National Wetland Plant List (Lichvar 2013) was used to determine the 
indicator status of plant species.  Soil map units were determined from the Natural Resources 
Conservation Service (NRCS) Web Soil Survey website, and the NRCS hydric soils list was 
consulted to determine if soil map units in the project area are considered hydric soils. No U.S. 
Geological Survey (USGS) gage stations are located on Middle Piney Creek upstream of Middle 
Piney Reservoir, but a report, Middle Piney Reservoir Level II Study (States West 2009), was 
reviewed for available site-specific hydrology information. In addition, State Hydrographers’s 
reports were reviewed to determine past water levels in Middle Piney Reservoir.     
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Determination of wetland vs. upland was made according to the three-parameter approach 
described in the manual.  The boundary between wetland and upland was recorded on a sub-
meter Trimble Geo XT GPS unit.  The location of the sample point in each wetland was also 
recorded on the GPS unit.  The resulting shape files were plotted on color IR aerial photographs 
using ArcView 9.2.  Wetland acreage was calculated based on the GPS boundaries collected in 
the field.   
   

RESULTS 

Waterbodies 

Waterbodies within the project area include Middle Piney Reservoir, Middle Piney Creek, and a 
network of unnamed ponds and tributaries that flow into Middle Piney Creek or directly into the 
reservoir.  
 
Middle Piney Reservoir was originally permitted to store up to 4,201 acre-feet; however, the 
crest elevation of the spillway is at 8,836 feet, making the total storage capacity at Middle Piney 
Reservoir 3,350 acre-feet, below the permitted capacity (States West 2009). Records on actual 
storage and past operation of the reservoir are scarce; limited data were compiled from the 
State Hydrographer’s reports in the form of “Percent Carry Over” and converted to estimates on 
storage and stage elevation (Table 1). 
 

Table 1. Estimated Historic Water Levels – Middle Piney Reservoir 
Year 1990 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 

% Carry 
Over 5’ N/A N/A N/A 30.5 N/A 2 2 17.5 21.5 21.6 10 

Est. 
Storage 
(ac-ft) 

700 - - - 1,281 - 84.02 84.02 735 903 903 420 

Est. 
Stage/ 
Elev. 
(ft) 

8,820 - - - 8,824 - 8,816 8,816 8,820 8,821 8,821 8,818

Source: States West, pers. comm. 
 
The percent carry over is a measurement of reservoir storage at the end of the water year going 
into the next, so the measurements were probably made in late September or early October of 
each year. It is likely that during peak run-off the reservoir stage was at least somewhat higher 
than the figure measured in September or October. It should be noted that since the Forest 
Service took over operation of the reservoir in 2000, the outlet gate has remained open due to 
the condition of the dam.  
 
The upper end of the reservoir is a relatively flat valley bottom, and Middle Piney Creek has 
formed a channel on the north side of the flat valley bottom where it flows into the reservoir from 
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the west. In the project area, Middle Piney Creek averages 8 to 10 feet in width, with a substrate 
consisting of gravel and cobbles (see Photos 1 and 2). Willows line the banks of Middle Piney 
Creek in the project area.  Water does not flow in Middle Piney Creek from January through the 
middle of April (States West 2009).  
 

 
Photo 1. Middle Piney Creek within the Project Area 

 

 
Photo 2. Middle Piney Creek confluence with Middle Piney Reservoir 
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A network of ponds and unnamed channels also occur in the project area that flow into Middle 
Piney Creek or directly into Middle Piney Reservoir. The ponds may have resulted from historic 
beaver activity or depression in the landscape (Photo 3). Some of the unnamed channels are 
incised, and they range in width from one to five feet and a depth of approximately one foot. The 
substrate is silt, sand, and in some cases, gravel (Photos 4 and 5).  
 

 
Photo 3. Pond in the Project Area 

 

 
Photo 4. Unnamed channel in Project Area 
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Photo 5. Unnamed channel in the Project Area 

 
 

Wetlands 

Middle Piney Reservoir is situated in a mountain valley with relatively steep slopes dominated 
by spruce-fir forest. No wetlands occur along either the north or south sides of the reservoir 
where the steep slopes generally extend down to the water’s edge. Similarly, no wetlands occur 
on the downstream end of the reservoir, which primarily has steep, unvegetated slopes that 
extend to the water’s edge. Photo 6, a Google Earth image, shows the slopes on both sides and 
on the downstream end of Middle Piney Reservoir.  
 
The upper end of the reservoir is a relatively flat valley bottom made up of a wetland complex 
within the project area. The majority of the complex is a shrub/scrub wetland dominated by 
willows; six areas of emergent wetland dominated by sedges or other hydrophytes occur in 
openings in the shrub/scrub and along the shore of the reservoir (Figure 3). One upland area 
was found within the wetland complex in the northwest corner. This area was dominated by 
willow but the herbaceous understory was not dominated by hydrophytic plant species, it did not 
have hydric soil or wetland hydrology indicators, and appeared several feet higher in elevation 
than the remainder of the wetland complex. Table 2 summarizes information for each wetland.  
Data forms and photographs are available in Appendix A and B, respectively.  
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Photo 6. Slopes on sides and downstream end of Middle Piney Reservoir 

 
 
Information on past use of the reservoir (storage and operation) is scare, but limited available 
records show that by the end of the water year (late September or early October) the elevation 
is typically around 8,820 feet (see Table 1); 20 feet below the 8,840-foot level, which represents 
the original permitted capacity of 4,201 acre-feet. If the dam were to be rehabilitated to store the 
original permitted capacity, all wetlands within the project area would be inundated during the 
portion of the year the reservoir was at full capacity. At this time, however, options for 
rehabilitating the dam and operation are not determined. The amount and duration of inundation 
of the wetland complex at the upper end of the reservoir that has occurred in the past is 
unknown; however, one year of data gathered for the Middle Piney Level II Study (States West 
2009) show that during spring runoff in 2008, the reservoir water surface elevation rose to 
8,828.66 feet, even with the outlet works open. At this level, the wetland complex up to and 
including PEM3 would have been inundated.  
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Figure 3. Wetlands within the Project Area 
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Table 2.  Summary of Project Area Wetlands. 

 

Wetland 
ID 

Number 
Description 

Sample
Point(s) Type Size 

(acres)

PEM1 Opening within the shrub/scrub, dominated by 
sedges. Some open water present. A one-inch 
layer of peat (fibric organic soil material) occurs 
at the surface, otherwise redox dark surface to 
a depth of 7 inches. Saturation at a depth of 10 
inches.  

T1-2 Palustrine 
Emergent 

0.97 

PEM2 Opening within the shrub/scrub; same as 
PEM1. 

T1-2 Palustrine 
Emergent 

0.17 

PEM3 Opening within the shrub/scrub, dominated by 
sedges. Some open water present. A twelve-
inch layer of peat (fibric organic soil material) 
occurs at the surface (black histic). Saturation 
to the surface. 

T2-3 Palustrine 
Emergent 

1.06 

PEM4 Opening within the shrub/scrub, dominated by 
sedges. Some open water present. Redox dark 
surface occurs from 4 to 12 inches. Saturation 
to the surface. 

T3-2 Palustrine 
Emergent 

1.23 

PEM5 Opening along the southern edge of the 
shrub/scrub, dominated by hydrophytic forbs. A 
six-inch layer of peat (fibric organic soil 
material) occurs above a gravel substrate.  

T2-5 Palustrine 
Emergent 

0.17 

PEM6 Shoreline area at upper end of reservoir, 
dominated by sedge.  A two-inch layer of peat 
(fibric organic soil material) occurs at the 
surface, otherwise depleted. Saturation at a 
depth of three inches. 

T4-1 Palustrine 
Emergent 

0.82 

Total Palustrine Emergent 4.42 
PSS1 Willow-dominated wetland comprised primarily 

of two species, Salix wolfii and S. 
drummondiana. Willow height ranges from 3 
feet up to10 feet. Soils varied among the seven 
sample points and included up to 8 inches of 
peat, redox dark surface, and depleted matrix. 
Saturated soils were common.  

T1-1 
T1-3 
T2-2 
T2-4 
T3-1 
T3-3 
T4-2 

Palustrine 
Shrub/ 
Scrub 

 

15.99 

Total  Shrub/Scrub 15.99 
Total Wetland Acreage 20.41 
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The limited available data indicate the reservoir level likely fluctuates up to 20 feet; this can 
occur even with the outlet works open. Such fluctuation likely only occurs in years with high 
snow pack (such was the case in 2008 when data were collected), but it is reasonable to 
assume that some level of fluctuation, and consequently inundation of portions of the wetland 
complex, occurs annually during high flow, which is typically late May through early July (States 
West 2009). 
 
Based on observation during the field visit, the wetland complex appears to be in a sort of 
equilibrium with the fluctuating reservoir levels. The willows appeared to be healthy with no sign 
of die-off due to extended periods of inundation. The willows closest to the water’s edge were 
observed to be shorter in height than those at the upper (westernmost) end of the project area; 
this could indicate that growth might be stunted somewhat due to longer periods of inundation 
during the growing season closer to the reservoir. Peat was found along three of the four 
transects closest to the water’s edge, and it was found at varying depths at all sample points 
along these three transects, except one (t3-3), which was taken on the edge of the wetland 
complex toward the toe of a slope. Peat forms in wet places where organic material is deposited 
more rapidly than it decomposes (Soil Survey Division Staff 1993). In this case, ample organic 
material is available from the annual production of sedges, grasses, forbs, and leaf litter from 
the willow and decomposition is probably limited by the short growing season and anaerobic 
conditions since soils are likely saturated or inundated during portions of the growing season. 
Past operation of the dam has not appeared to affect peat formation. Most soils were saturated 
at or near the surface, although there was variation in depths due to microtopography.  
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Appendix A 
Routine Wetland Determination Data Forms 

  



























































 

 

 
 
 
 
 
 
 
 
  

Appendix B 
Photographs 

 
 
  



 

 

 

 
Sample Point T1-1 – Wetland 

 

 
Sample Point T1-2 - Wetland 



 

 

 
Sample Point T1-3 – Wetland 

 

 
Sample Point T1-4 – Upland 

  



 

 

 
Sample Point T2-1 – Upland 

 

 
Sample Point T2-2 – Wetland 

  



 

 

 
Sample Point T2-3 – Wetland 

 

 
Sample Point T2-4 – Wetland 

 



 

 

 
Sample Point T2-5 – Wetland 

 

 
Sample Point T3-1 – Wetland 

  



 

 

 
Sample Point T3-2 – Wetland 

 
 

 
Sample Point T3-3 – Wetland 



 

 

 
Sample Point T4-1 – Wetland 

 

 
Sample Point T4-2 – Wetland 
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Appendix F.  Middle Piney Rare Plant Survey 

 

 

 

 

 

 

 

 



 
 
 
 
 

Western EcoSystems Technology, Inc.  415 W. 17th Street, Suite 200  Cheyenne, WY 82001 
Phone: 307.634.1756  Fax: 307.637.6918  Website: www.west-inc.com 

TECHNICAL MEMORANDUM 

 
 
DATE: March 17, 2015 
 
TO: Marcus Krall, States West Water Resources Corp. - A Wenck Associates Co. 
 
FROM: Elizabeth Lack, WEST Inc. 
 
RE: Forest Service Sensitive Plant Survey - Middle Piney Reservoir Project Area 
  
 
The Wyoming Water Development Office (WWDO) requested that Western EcoSystems 
Technology, Inc. (WEST) conduct a survey for Forest Service sensitive plant species at the 
Middle Piney Reservoir project area. The purpose of the survey was to provide information in 
support of the permitting process for rehabilitation of the Middle Piney dam. Middle Piney 
Reservoir is located approximately 30 miles west of Big Piney; it is within the Wyoming Range 
and is part of Bridger-Teton National Forest, Big Piney Ranger District (Figure 1). The Bridger-
Teton National Forest is proposing to rehabilitate the dam because it does not meet State and 
Federal safety requirements. The Big Piney Ranger District provided their “NFMA/NEPA 
Resource Worksheet for Small Projects”, which includes the list of sensitive plant species 
(attached). The survey was conducted within the approximate 8,840-foot elevation contour, 
which represents the approximate elevation of the original permitted capacity of the reservoir 
(8,840-foot elevation line is shown on Figure 2).   
 
Because WEST had delineated wetlands in the project area in 2013, WEST was familiar with 
the habitats present, which primarily consist of a wetland complex made up of shrub/scrub 
wetlands dominated by willows and palustrine emergent wetlands in openings in the willows 
dominated by sedges and other herbaceous species (delineated wetlands are shown in Figure 
2). Uplands constitute a minor portion of the project area and include the steep slopes around 
the perimeter of the reservoir and an area in the northwest corner of the wetland complex 
dominated by willow, but that did not meet the other wetland criteria and appeared several feet 
higher in elevation than the remainder of the wetland complex. Based on this knowledge of 
habitats present, the list of sensitive plant species was examined to determine which sensitive 
species could occur in the project area. The list includes 19 species; habitat is present in the 
project area for four of these species (Table 1). 

NATURAL RESOURCES  SCIENTIFIC SOLUTIONS 
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Figure 2. Potential Sensitive Species Habitat in Project Area 

  

Approximate location of 
potential pink agoseris 



 

Table 1. Big Piney Ranger District Sensitive Plant Species 

Species Status 
Potential 
Habitat in 

Project Area? 
Comment 

Aspen (Populus tremuloides) Ecological No None observed in project area 
during site visits 

Black and Purple Sedge (Carex 
luzulina var. atropurpurea) 

Sensitive Yes  

Creeping Twinpod (Physaria 
integrifolia var. monticola) 

Sensitive No Occurs on calcareous hills & 
slopes; shale limestone cliff; bare 
steep banks – habitat not present in 
project area 

Greenland Primrose (Primula 
egaliksensis) 

Sensitive Yes  

Meadow Milkvetch (Astragalus 
diversifolius var. diversifolius) 

Sensitive No Occurs in moist alkaline meadows 
and sales in sagebrush 
valleys/basins– habitat not present 
in project area 

Naked-stemmed Parrya (Parrya 
nudicaulis) 

Sensitive No Occurs on steep, unconsolidated 
talus slopes in alpine and upper 
subalpine– habitat not present in 
project area 

Narrowleaf Goldenweed  
(Ericameria discoidea var. linearis) 

Sensitive No Occurs on dry, clay-rich terraces 
above large streams, primarily in 
sagebrush habitat– habitat not 
present in project area 

Payson’s Bladderpod (Lesquerella 
paysonii) 

Sensitive No Occurs on windswept, gravelly 
calcareous ridge crests– habitat not 
present in project area 

Payson’s Milkvetch (Astragalus 
paysonii) 

Sensitive No Occurs on disturbed areas; e.g. 
burns, clearcuts– habitat not 
present in project area 

Pink Agoseris (Agoseris 
lackschewitzii)   

Sensitive Yes  

Rockcress Draba (Draba densifolia 
var. apiculata) 

Sensitive No Occurs on gravelly open soil of 
rocky slopes and exposed ridges– 
habitat not present in project area 

Seaside Sedge (Carex incurviformis) Sensitive Yes  

Soft aster (Aster mollis) 

Sensitive No Occurs on deep, rocky, calcareous 
soils in dry mountain big sagebrush 
communities– habitat not present in 
project area 

Starveling Milkvetch (Astragalus 
jejunus var. jejunus) 

Sensitive No Occurs on sparsely vegetated stony 
ridges and barren red clay slopes– 
habitat not present in project area 

Sweet-flowered Rock Jasmine  
(Androsace chamaejasme ssp. 
Carinata) 

Sensitive No Occurs on rocky ridge crests, 
slopes, outcrops, talus, rocky 
meadows in mountains– habitat not 
present in project area 

Weber’s Saussurea (Saussurea Sensitive No Occurs on alpine gravel slopes and 



 

 

Species Status 
Potential 
Habitat in 

Project Area? 
Comment 

weberi) talus fields– habitat not present in 
project area 

Whitebark Pine (Pinus albicaulis) Sensitive No None observed in project area 
during site visits 

Wooly daisy (Erigeron lanatus) Sensitive No Occurs on sandy soils among 
limestone boulders– habitat not 
present in project area 

Wyoming tansymustard (Descurainia 
torulosa) 

Sensitive No Occurs on sandy soils at the base 
of cliffs– habitat not present in 
project area 

 
 
Of the four species that could occur based on the presence of potential habitat in the project 
area, black and purple sedge occurs in subalpine moist rocky sedge or willow-dominated 
meadows along creek banks and ponds at 10,000 to 10,600 feet elevation (Mills and Fertig 
2000). In Wyoming, it is known from 10 occurrences in the Wind River and Gros Ventre ranges 
(Mills and Fertig 2000). Although the project area is below its known elevation range at 8,400 
feet, this species was included in the field survey because other habitat features are present. 
Greenland primrose occurs in wet meadows along waterways and in montane fens, often on 
hummocky terrain that is locally drier than wet, marshy surroundings (Fertig 2000a). In 
Wyoming, it is known from the northern Absaroka Mountains and the west slope of the Wind 
River Range (Fertig 2000a). Pink agoseris occurs in subalpine wet meadows where soil is 
saturated throughout the growing season (MNHP 2015). The Rocky Mountain Herbarium has 87 
records of the species in their specimen database, which include occurrences in the Big Horn, 
Wind River, Absaroka, and Teton ranges, Yellowstone National Park, and locations in Montana 
and Idaho. Seaside sedge occurs in alpine and subalpine bogs, wet trundra, cliffs, talus, and dry 
meadows between 10,000 and 12,240 feet elevation (Fertig 2000b). In Wyoming, it is known the 
Absaroka and Wind River ranges (Fertig 2000b). As with black and purple sedge, the project 
area is below its known elevation range of this species, but it was included in the field survey 
because other habitat features are present. 
 
Methods  
The survey was conducted by two experienced WEST botanists on September 4, 2014. The 
survey was conducted in all areas of potential habitat for the four species within the 8,840 
elevation contour, which consists of the upper end of the reservoir (Figure 2). Much of this area 
is covered in dense willow (Figure 2); however, all openings in the willows and areas along 
meandering creeks and the reservoir edge were surveyed. The survey consisted of walking the 
survey area and examining all areas of potential habitat for the four sensitive species that could 
occur there. During the survey, all species observed and identifiable were recorded.  
 
  



 

 

Results 
No occurrences of black and purple sedge, Greeland primrose, or seaside sedge were found in 
the survey area. Many of the open areas and creek banks were dominated by dense, 
rhizomatous sedges, including Carex aquatilis and Carex utriculata, which could limit habitat for 
other species of sedges. A possible occurrence of pink agoseris was found in one of the 
openings in the willows (Figure 2). A positive identification could not be made because the 
corolla (petals) had fallen by the time of the survey; however, the beaks of the achenes 
appeared to be mostly 1/2 to 2/3 as long as the body and the outer involucral bracts appeared 
obtuse. These are both diagnostic characteristics of pink agoseris, along with the pinkish or 
purplish corolla (Dorn 2001). Furthermore, the habitat was appropriate for the species. 
Approximately 12- 15 individual plants were noted that could be pink agoseris.  
 
All species observed during the survey are listed below (Table 2). Scientific names are in 
accordance with Dorn (2001) and common names are from the Natural Resources 
Conservation Service Plants Database website. 
 

Table 2. Plant Species Observed 
Family Scientific Name Common Name 

ASTERACEAE Achillea millefolium Common yarrow 
 Antennaria sp. Pussy-toes 
 Arnica mollis Hairy arnica 
 Cirsium arvense Canada thistle 
 Erigeron sp. Fleabane 
 Senecio sp. Groundsel 
 Senecio triangularis Arrowleaf ragwort 
 Taraxacum officinale dandelion 
BORAGINACEAE Mertensia ciliata Tall fringed bluebells 
BRASSICACEAE Descurainia sp. Tansy mustard 
CARYOPHYLLACEAE Cerastium sp. Mouse-ear chickweed 
CYPERACEAE Carex aquatilis Water sedge 
 Carex microptera Small wing sedge 
 Carex utriculata Beaked sedge 
 Eleocharis palustris Common spike rush 
ELEAEAGNACEAE Shepherdia canadensis Russet buffaloberry 
EQUISETACEAE Equisetum arvense Field horsetail 
GERANIACEAE Geranium viscosissimum Sticky purple geranium 
HIPPURIDACEAE Hippuris vulgaris Mare’s tail 
HYDROPHYLLACEAE Phacelia franklinii Franklin’s phacelia 
JUNCACEAE Juncus ensifolius Swordleaf rush 
 Juncus mertensianus Mertens’ rush 
 Luzula parviflora Smallflowered woodrush 
ONAGRACEAE Epilobium ciliatum Fringed willowherb 
PARNASSIACEAE Parnassia palustris Marsh grass of Parnassus 



 

 

Family Scientific Name Common Name 
POACEAE Agrostis idahoensis Idaho bentgrass 
 Alopecurus aequalis Shortawn foxtail 
 Alopecurus pratensis Meadow foxtail 
 Calamagrostis canadensis Bluejoint 
 Deschampsia caespitosa Tufted hairgrass 
 Hordeum brachyantherum Meadow barley 
 Phleum alpinum Alpine timothy 
 Poa alpina Alpine bluegrass 
 Poa pratensis Kentucky bluegrass 
 Poa sp. Unknown bluegrass 
POLEMONIACEAE Polemonium pulcherrimum Jacob’s ladder 
POLYGONACEAE Polygonum lapathifolium Curlytop knotweed 
 Polygonum sp. Smartweed 
 Rumex sp. Dock 
RANUNCULACEAE Ranunculus sp. Buttercup 
 Thalictrum sp. Meadow rue 
ROSACEAE Fragaria virginiana Strawberry 
 Geum macrophyllum Largeleaf avens 
 Potentilla sp. Cinquefoil 
SAXIFRAGACEAE Heuchera parviflora Littleflower alumroot 
 Saxifraga odontoloma Brook saxifrage 
SCROPHULARIACEAE Castilleja sp. Indian paintbrush 
 Mimulus guttatus Seep monkeyflower 
 Pedicularis bracteosa Bracted lousewort 
 Penstemon sp. Beardtongue 
 Veronica sp. Speedwell 
VIOLACEAE Viola vallicola Valley violet 
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