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1.0 Introduction 

1.1 PURPOSE OF STUDY 

 

This report represents a continuation of the 2009 Level II Study completed on Middle Piney 

Reservoir.  Previous works have presented the history of the facility, its permitted storage 

right, ownership transfers, reservoir operations, and some of the safety issues present.   

 

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 1-1 and 1-2 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.   
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Figure 1-1:  Middle Piney Reservoir Location Map 
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Figure 1-2:  Middle Piney Reservoir Location Map 2 
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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 3,370 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 (south side) 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 current owner, the United States Forest Service (USFS), understand the risks of 

continued ownership and operation of the facility in its current state.  Pursuant to this, the 

USFS has proposed breaching the dam to alleviate their exposure to risks associated with it 

in its current condition.   

 

A consensus from local irrigators to keep the facility and its pre-Colorado River Compact 

right served as the catalyst for the Wyoming Water Development Commission (WWDC) to 

continue to pursue options that would alleviate safety of dams issues.   

 

The purpose of this report is to determine the feasibility of, and preferred alternatives for, 

rehabilitating Middle Piney Dam.  This was accomplished expanding from previous 

knowledge of the reservoir, and improving on specific areas of understanding such as 

reservoir modeling, flood modeling, geotechnical investigations, and aquatic resources 

inventories.   After modeling and investigation were completed, preliminary design 

recommendations were formulated and cost estimates developed. 

 

1.2 PREVIOUS WORK 
 

A detailed Level II report examining the feasibility of reconstructing Middle Piney Dam was 

completed by States West Water Resources Corp. (SWWR) in January, 2009 (States West 

Water Resources Corp., 2009).  That report also examined the possibility of enlargement of 

the reservoir, which has since been of less focus. 

 

The 2009 Level II study was broken into the following sections: 

 

 Existing structure reconnaissance; 
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 Reservoir yield analysis; 

 Flood hydrology; 

 System efficiencies and conservation; 

 Environmental and Permitting Issues; 

 Geotechnical and Geological Investigation; 

 Preliminary Design; 

 Cost Estimates and Economic Analysis; 

 Recommendations; 

 

Some selected highlights from the report are shown on the following pages: 

 

1.2.1 Existing Structure Reconnaissance 
 

The existing structure was examined and found to have a number of safety issues:  
  

 The intake structure is debilitated and the trash rack is prone to clogging;   

 The control structure has seriously deteriorated and the gate valve found to be in 

need of maintenance; 

 The existing 42” CMP outlet works conduit was determined to have suffered from 

differential settlement and to have also been seriously deteriorated by corrosion; 

o CMP corrosion presents a serious safety of dams risk, as pipe corrosion can 

lead to piping failure; 

 The existing auxiliary spillway capacity was determined to be approximately 600 cfs; 

o This is inadequate to pass a PMP event; 

 A seepage path study was completed which determined two primary seepage paths 

from Middle Piney Reservoir 

  

Both seepage paths were determined to be relatively shallow, due to heavy influence by the 

reservoir water surface elevation 

 

1.2.2 Reservoir Yield Analysis 

 

With only one year of stream flow data available, a rough estimation of reservoir yield was 

made. 

 

 Average storable flow was estimated to be 2,971 ac-ft; 

 The nearby USGS LaBarge Creek gauge, 0920800, was identified as a representative 

proxy of Middle Piney flows; 

1.2.3 Flood Hydrology 

 

Flood modeling was completed including clear weather breach analysis, and routing of 

various 100-yr and PMP events.   

 

 Clear breach analysis derived a peak flow depth of 10.1 ft and flow rate of 17,664 cfs 

at the nearby Sacajawea Campground; 

o A flow depth of 2.4 ft and flow rate of 5,514 cfs in the downstream  town of 

Big Piney; 
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o The High Hazard rating of the facility was confirmed; 

 A max PMP flow rate into the reservoir of 24,446 cfs; 

 A 54” outlet works pipe and 100’ wide spillway crest was recommended; 

1.2.4 System Efficiencies and Conservation Opportunities 
 

Examination of existing system efficiencies and possible conservation practices that would 

increase storage volumes was examined. 

 

 Conveyance losses typically average 25% in the area, with some ditches losing as 

much as 50% 

o Different lining techniques are available to improve efficiencies; 

 Application losses are high for the flood irrigation methods currently employed and 

could be lowered by approximately 25% though installation of sprinklers; 

 Rehabilitating Middle Piney Dam to provide irrigation water storage would likely 

promote system efficiencies; 

1.2.5 Environmental and Permitting Issues 
 

The project team conducted environmental and archaeological investigations.  The following 

conclusions were made: 

 

 The environmental report, completed by SEH, concluded that there would be minimal 

environmental impacts; 

 The Office of the Wyoming State Archaeologist completed a Class I Cultural survey 

which indicated there would not be any prehistoric or historic sites expected within 

the immediate area; 

 Potential permits that may be required were identified, including USFS, U.S. Army 

Corps of Engineers (Corps), and Wyoming State Engineer’s Office 

1.2.6 Geotechnical and Geological Investigation 
 

Preliminary geological mapping and geotechnical site investigations were performed by 

Miller Geotechnical Consultants. 

 

 No known active or potentially active faults were found to traverse through or project 

towards the dam site; 

 A preliminary map of landslide deposits was developed; 

o Mapping indicates the presence of an ancient slide deposit directly below the 

existing site, with several other potentially active deposits surrounding the 

reservoir; 

 Subsurface investigations detailed abutment conditions and potential borrow areas; 

1.2.7 Preliminary Design 
 

Preliminary plans were developed for three different rehabilitation alternatives including 

rehabilitation of the dam at its current location with current capacity, construction of a new 

dam on a downstream alignment with current capacity, and rehabilitation/enlargement of 
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the dam at its current location with permitted capacity.  Recommended operating levels for 

Alternates 1 and 2 are shown in Table 1-1: 

 

Table 1-1:  2009 Level II Study Proposed Operating Levels for Alternatives 1 and 2 
 

Elevation (ft) Description 

8,015.27 Outlet Works Invert 

8,836.0 Reservoir Normal High Water Level (NHWL) 

8,841.0 Auxiliary Spillway Crest Elevation 

8,845.0 Dam Crest Elevation 

 

Alternate 3 proposed expansion of the reservoir up to its full permitted capacity of 4,201 ac-

ft.  The recommended operating levels for that option are shown in Table 1-2: 

 

Table 1-2:  2009 Level II Study Proposed Operating Levels for Alternative 3 
 

Elevation (ft) Description 

8,015.27 Outlet Works Invert 

8,840.0 Reservoir Normal High Water Level (NHWL) 

8,845.0 Auxiliary Spillway Crest Elevation 

8,849.0 Dam Crest Elevation 

 

1.2.8 Preliminary Cost Estimates 
 

Preliminary cost estimates were developed for each alternative. Those estimates are shown 

in Table 1-3: 

 

Table 1-3:  2009 Level II Study Cost Estimates 
 

Alternative 2009 Level II Study Estimated Cost 

1. Rehab w/ Current Capacity $2,480,000.00 

2. New Dam w/ Current Capacity $2,720,000.00 

3. Rehab/Enlargement w/ Permitted 
Capacity 

$2,930,000.00 

 

 

1.2.9 Economic Analysis 

 

The potential economic benefits that the reservoir would provide were estimated using 

relevant figures available at the time.  Economic benefits were developed based upon the 

2,971 ac-ft projected yield of Middle Piney Reservoir.  The economic benefit that the 

reservoir would have, represented in 2009 dollars, is shown in Table 1-4: 
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Table 1-4:  2009 Level II Study Estimated Economic Benefits 
 

Benefit Type 2009 Level II Study Net Present Value 

1. Direct Irrigation $1,495,400.00 

2. Indirect $5,024,400.00 

3. Recreational $25,000.00* 

*Annual benefit shown here.
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2.0 Reservoir Yield Modeling 

2.1 METHODS 

 

As part of the current scope of work, more detailed and robust hydrologic modeling was 

performed.  The 2013 version of StateMod was utilized to estimate the annual yield of 

Middle Piney Reservoir.  The model network of the Green River used was developed by 

Wenck Associates, Inc. dba States West Water Resources and Parsons Water Consulting, 

LLC.   Model scenarios were simulated from Jan 1, 1971 to Dec 31, 2011. 

 

An updated version of the model was received on February 2013 from the WWDC consultant 

completing the Upper Green River Watershed Study.  This updated version was not utilized 

to obtain the results outlined below.  Rather, the existing Green River Model previously 

developed by Parsons Water Consulting, LLC was expanded upon.  This was done because 

there was no change to tributaries, sub-tributaries, node acreages, or node rights in the 

updated model.    The major changes included in the updated model are the addition of 10 

instream flow rights and 9 reservoirs, several of which are not included in model simulations 

as they are only potential sites.  The impact of the instream flow right on Middle Piney 

Creek was deemed to be insignificant as it is junior to the reservoir’s 1919 priority and 

virtually all other diversions in the drainage.  The impact of the reservoirs which were added 

was also deemed to be negligible due to their detached locations out of the Middle Piney 

Creek drainage.  

 

Thus the results obtained through expansion of an earlier version of the model were 

determined to be equally representative, and were used to obtain the results discussed in 

this report.   

 

2.2 MODEL NETWORK 

 

The reservoir yield was estimated via the addition of 53 explicit nodes to Middle Piney Creek 

in the model network:   

 

 a synthetic inflow into the reservoir;  

 a reservoir station, a synthetic diversion station;  

 49 diversion nodes representing head gates that were determined to be active or to 

have potential of future activity;  

 A synthetic inflow lower in the drainage representing the Homestake Ditch, which 

carries trans-basin water into Middle Piney drainage from South Piney Creek;   

 

These nodes were all added in addition to an existing historic stream gauge node.  A visual 

representation of the model network was created and is given in Figure 2-1: 
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Figure 2-1:  Middle Piney Model Network 

 
 

The synthetic flow into the reservoir was estimated through comparison to adjacent 

drainages with similar characteristics.  Data from the upper Smiths Fork and La Barge Creek 

drainages were used for the estimation of the annual inflows into the reservoir.  These 

drainages were selected for comparison due to their strong period or record and relative 

proximity to the upper Middle Piney drainage.  The historic data demonstrates a strong 

relationship between Smiths Fork and La Barge creek, albeit of different scales due to the 

much larger drainage area of the Smiths Fork.   

 

It was assumed that a parallel relationship would exist between La Barge Creek and the 

adjacent alpine drainage area above Middle Piney Reservoir, as they have similar areas and 

elevations.  Therefore the LaBarge Creek gauged data was assumed to be representative of 

Middle Piney inflows and was used for the synthetic inflow into the reservoir.   

 

The values used for the synthetic inflow were plotted and are shown in Figure 2-2: 
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Figure 2-2:  Modeled Reservoir Inflows 
 

 
 

The reservoir station was created using the StateDMI and TSTool modules.  It was produced 

using the physical characteristics for Middle Piney Reservoir such as area/capacity and the 

1919 water right.  Two different fill target levels were analyzed, full storage at 4,201 ac-ft, 

and 3,370 ac-ft.  The reservoir was modeled subject to the one fill rule beginning in 

October.  Two different operating rules were applied to the reservoir.  One assigns all water 

to a single account and directs its release to the synthetic diversion node.  The other freely 

releases to any head gates in the drainage based upon their demands.  The latter assumes 

full participation by all irrigators in the drainage and thereby represents a method of 

releases driven by shortages.   

 

The synthetic diversion station was implemented downstream of the reservoir station node 

and was also created using the StateDMI and TSTool modules.  The diversion was assigned 

a right junior to all other’s in the drainage to ensure that all water diverted was taken from 

reservoir releases.  The diversion was assigned a 10,000 cfs head gate capacity so as to 

avoid any limitation on the synthetic demands diversion capacity.   

 

The synthetic diversion’s demand profile was created using the pattern command in TSTool.  

Diversions were partitioned to each month based upon study of historical records.  A 

shortage based demand pattern was developed which partitioned demands on a monthly 

basis.  Demands were proportioned based upon modeled percent shortages in the drainage.  

This will likely be similar to actual reservoir operations, as releases will be made as 

shortages are experienced.  The synthetic nodes demand profile is shown in Table 2-1: 
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Table 2-1:  Synthetic Diversion Demand Timing 

Month %  Annual Diversion 

April 0% 

May 5% 

June 17% 

July 30% 

August 31% 

September 17% 

October 0% 

 

The shortage based diversion pattern shown above was developed through analysis of 

model projected shortages in the basin.  The total amount of shortages, as predicted by an 

aggregate node of all diversions in the basin, was analyzed to arrive at the amounts shown 

above.   

 

Twenty-nine nodes were added to represent historic head gates in the drainage.  Historic 

data and projected demands were developed using the StateDMI and StateCU software.  

The first step to creating these nodes, which are intended to represent demands in the 

drainage, was to cross reference state hydrograhper’s reports with the Wyoming Water 

Rights Attribution GeoDatabase (WYWRAG) to determine which diversions were active or 

had the potential for future activity. After investigations were complete virtually all 

historically active acreages were included in the model.  The lone exception to this was the 

Springman Ditch, identified as Node 1001633.  This small ditch was omitted after no 

permitted acreages for it could be found. 

 

WYWRAG and GIS were used to assign head gate locations as well as active and permitted 

acreage areas.  Active acreage areas were determined for both wet and dry years through 

analysis of satellite imagery.  Images of both years were overlaid on the permitted 

acreages, with areas shown not in use being eliminated to arrive at an active area.  While 

the active area was being defined, the diversion rights under the head gate were being 

compiled as well.  All active pre-1945 rights were allotted a second cfs with a March 1, 1945 

priority.  All pre and post-1985 rights were also included in the model.  Pre-1985 and post-

1945 were assigned a second cfs with March 1, 1985 priority.  

 

After these tasks were completed, the spatial location of the head gate was confirmed.  

Return flows were then later assigned based upon these final locations.  Visual inspection of 

the diversions and acreages they supply using GIS mapping was all that was needed to 

accurately predict how returns flows affect others downstream. 

 

Research uncovered that there is a great deal of interaction between the South, Middle, and 

North Piney drainages that is possible because of the existence of permitted rights for water 
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originating in separate drainages.  These are facilitated through a series of cross drainage 

diversions.  The two largest of these are the South Piney Canal and Homestake Ditch.   

 

There is no evidence that the effects of these trans-basin diversions have ever been 

accurately quantified, and conversations with local Hydrographer’s indicate that there still 

exists some uncertainty as to how these diversions are regulated.  Thus a decision had to be 

made as to how to model the impacts of these ditches, which have been shown to 

historically deliver large volumes of water.  In the end it was decided to omit the South 

Piney Canal from the model network, and to simulate the Homestake Ditch as an influent 

stream source, represented as a stream gauge.   

 

The South Piney Canal was omitted because all of its permitted end users are in the North 

Piney Creek drainage.  Thus this canal, which carries water through Middle Piney drainage 

on its way from South Piney to North Piney Creek, should have no net effect on water 

supply in Middle Piney Creek.   

 

However, contrary to what permitted usage suggests, historic diversion records indicate that 

there was almost complete discontinuity between what was being delivered to and diverted 

out of Middle Piney, thus creating surpluses or deficits.  Even with this historic discrepancy, 

it was decided that it was most appropriate to model the South Piney Canal as it should be 

functioning under its permitted use.   

 

The Homestake Ditch, however, delivers water from the South Piney drainage exclusively 

for permitted end users in Middle Piney Creek.  To simulate the effect of this surplus water, 

an influent stream was added to the Middle Piney Network at the location where the 

Homestake Ditch delivers its water.  Historic diversion records were digitized and applied to 

the inflow via a stream gauge node in an effort to accurately quantify the volume of water 

delivered cross drainage. 

 

2.3 MODEL DEMANDS 
 

After return flow locations were confirmed, and the spatial geometry of the model network 

defined, demands for each diversion were developed.  This was done by incorporating both 

historic and predictive data as modeled by StateCU.   

 

The StateCU program estimates demands based upon an array of factors such as climate 

and spatial data, crop types, and conveyance efficiencies.  Climate data was taken from the 

nearby Big Piney climate station, as incorporated in the previous model of the Green River 

Basin.  Acreages were assumed to be 95% hay and 5% alfalfa throughout the drainage.  

Conveyance efficiencies were assumed to be 85-90% throughout the drainage.  Both 
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acreage types and conveyance efficiencies were confirmed via conversations with local 

hydrographers and were documented by previously completed work in the area.1 

 

Application efficiencies vary within the model years due to many seasonal factors, but were 

assigned an upper efficiency rate of 55%.  This figure was chosen to represent the highest 

level of application efficiency possible via the flood irrigation practices used throughout the 

drainage.  Multiplying the assumed 85% conveyance and 55% application efficiencies yields 

a total efficiency of approximately 47%.   

 

To develop the historic model files, historic diversion records were reviewed, and all 

available historic diversion data for the drainage was digitized.2  Several assumptions were 

applied to complete the digitizing of the data in a format that could be analyzed by 

StateMod.   

 

The first was the assumption of a turn on date for each diversion.  StateMod requires that 

every historic file begin and ends with a 0 value.  Through examination of the data and 

communication with the local hydrographers, it was decided that a turn on date of May 5th 

would be assumed for each diversion, each year.  This meant that the first observed 

diversion flow on record would be extended to May 5th, if the observation occurred after that 

date.  If the observation occurred before May 5th the recorded value was extended forward 

another week from that first observed date, i.e. it was assumed that all ditches were 

diverting for one week before the diversion was measured and recorded.  This was adopted 

as a conservative estimate that would account for the inability of a hydrographer to be on-

site immediately after ditches turned on.   

 

The other primary group of assumptions involved the shut off dates for each ditch.  Again, 

through examination of the data and conversations with local hydrographers on the ground, 

it was decided that a turn off date of July 10th would be unilaterally applied to the data.  

This meant assuming that the last recorded value of diversion for a ditch was extended to 

July 10th, at which time it was assumed regulation would shut them off.  If a historical value 

was recorded after July 10th, it was extended 1 week.  This was chosen as a conservative 

assumption of how long diversions would continue after any last measurement taken after 

July 10th.  

 

At the time of these efforts, historic data for the drainage was only available from 1983 

through 2011, with several years missing within that period.  Unavailable years from 1971-

1982 and any other missing years were filled with historical averages. 

 

                                           
1
  WWC Engineering, AECOM, ERO Resources Corp.  2010.  Green River Basin Plan.   Report to the 
Wyoming Water Development Commission.  December. 

2
  Wyoming State Engineer’s Office. 1983-2011.   Hydrographer’s Annual Report, Water Division No. 4.  

Available at:  http://seo.wyo.gov/documents-data/hydrographer-reports/division-iv-annual-
reports  

http://seo.wyo.gov/documents-data/hydrographer-reports/division-iv-annual-reports
http://seo.wyo.gov/documents-data/hydrographer-reports/division-iv-annual-reports
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The historic and predicted demands developed by State CU were then melded to complete 

the data set.  A composite demand approach was adopted for each diversion, using the 

greater of either the historical or model projected demands through each season.  This 

approach gives a “worst case” scenario in which irrigators were always taking the greatest 

amount of water that was feasible for any given time. 

 

2.4 MODEL RESULTS 

 

Two different approaches were used to determine the impacts of the reservoir.  For the first 

approach the synthetic node was imposed on the model network for determination of 

reservoir yield.   For the second approach, an equal share reservoir operation plan was 

applied to demonstrate the overall benefit the reservoir could provide.   

 

2.4.1 Reservoir Yield 

 

An iterative approach was taken to determine the 80% yield level, or the demand level at 

which demands are met 80% of the time.  This was done by adjusting diversion quantities 

at the synthetic node.  Demand files were adjusted based upon analysis of prior modeled 

years and the total number of years short at the synthetic demand node.  The yields were 

plotted vs. demands while the demands were adjusted until the 80% level was found.   

 

This approach is believed to be the most accurate for determination of pure reservoir yield.  

This is because of the isolated nature of the synthetic node.  Other factors that impact yield 

such as conveyance losses and return flows are avoided in this way.  The synthetic node is 

not impacted by return flows because it was assigned directly below the reservoir in the 

model network.  All other return flows were maintained and accounted for, as described in 

previous sections.  This method paints the more accurate picture of what the reservoir will 

be able to release on an annual basis by establishing this direct relationship between the 

reservoir and a single synthetic node.  The results of the reservoir yield analysis are given in 

Figure 2-3: 
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Figure 2-3:  Modeled Middle Piney Reservoir Yield 

 

Middle Piney’s 80% yield levels equate to 1,870 and 2,210 ac-ft for the two proposed 

reservoir storage volumes.  

 

The steep decline in water available for delivery increases with yield.  This implies that 

during many years in which shortages do exists in the drainage, they are large enough in 

quantity to not be satisfied through the implementation of the reservoir.  This is confirmed 

through inspection of overall shortages that are predicted for the drainage, in excess of 

10,000 ac-ft.  Although the drainage is extremely short of water and will benefit from new 

all storage, the reservoir’s 1919 storage right will frequently be called out of priority before 

full storage volumes can be accumulated.   

 

The converse of this exists on the other end of the yield curve.  The amount of water 

available for delivery increases dramatically with decreases in yield, or in the reliability of 

delivery of those volumes.  This is evidenced by how approximately 2,930 and 3,300 ac-ft 

are available 60% of the time for the two proposed reservoir volumes.  These are dramatic 

increases from the 1,870 and 2,210 ac-ft volumes predicted for 80% yield.   

 

The storage levels of the proposed reservoirs were also modeled under each scenario.  

Monthly storage levels were plotted and are shown in Figures 2-4 and 2-5:   
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Figure 2-4:  Modeled 4,201 ac-ft Reservoir Storage at 80% Yield 

 
 

Figure 2-4 displays the modeled tendency of the reservoir to empty to approximately 

1,500 ac-ft on many years.  This is a result of the synthetic demand imposing the 2,210 ac-

ft fixed annual demand on the reservoir every single year, so when the reservoir is full, or 

near full, it will be emptied to more or less the same level each year.   

 

Model results also predict an inability to fully fill on any given year.  This is due to the 

imposition of the one fill rule paired with fixed amounts of evaporation imposed on the 

reservoir.  This not only limits the total quantity of water which can be stored to 4,201 ac-ft 

less the amount impounded on October 1st of each year, but also prohibits the reservoir 

from resuming filling in the latter part of each season after a call has been lifted.  The 

combination of these constraints is likely the cause of such behavior.   
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Figure 2-5:  Modeled 3,370 ac-ft Reservoir 80% Yield 

 

 

Similar reservoir behavior is demonstrated in Figure 2-5.  The reservoir empties and fills to 

the same levels on many occasions, likely due to the same reasons discussed above.   

 

In addition to individually plotting monthly reservoir storage levels, averages of reservoir 

storage volumes were developed.  Average monthly reservoir storage levels at 80% yield 

are shown in Figure 2-6: 
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Figure 2-6:  Modeled Average Reservoir Storage 

 
 

Within the direct yield estimation/synthetic node scenario, another approach was analyzed.  

As mentioned previously, the demand curves applied at each diversion node were a 

composite of historic and StateCU predicted demands, using the greater of the two in each 

instance.  These “worst case” demand scenarios were used to obtain the yield results shown 

above.   

 

Efforts were later taken to show the potential benefits of irrigators taking only their crop 

requirements, or a best case/optimal operations scenario.  This was accomplished by 

manipulating the demand curves to reflect only the crop’s consumptive requirements.  Thus 

efficiencies in the drainage are maximized, and the chain reaction of regulations that occur 

are abated.  The effects of this on reservoir yield are positive and are shown in Figure 2-7: 
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Figure 2-7:  Modeled Reservoir Yield-Optimal Operations 

 
 

These scenarios show a potential increase in 80% yield of 330 and 294 ac-ft between the 

two proposed reservoir volumes.  The smaller net gain achieved by the proposed 4,201 ac-ft 

reservoir again illustrates the diminishing returns that are available for higher volumes and 

yields due to the large amount of shortages that exist during dry years in the drainage. 

 

Reservoir storage levels were also modeled under the optimization scenarios.  Those results 

are plotted in Figures 2-8 and 2-9: 
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Figure 2-8:  Modeled 4,201 ac-ft Reservoir Storage at 80% Yield—Optimal Operations 

 
 
Figure 2-9:  Modeled 3,370 ac-ft Reservoir Storage at 80% Yield-Optimal Operations 
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Monthly averages were again developed from the entire period of data.  The average 

monthly reservoir levels under optimal operating conditions are shown in Figure 2-10: 

 

Figure 2-10:  Modeled Average Reservoir Storage-Optimal Operations 

 
 

2.4.2 Reservoir Benefit and Need 
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divided to all diversions in the drainage.  Head gates all partook in the 1919 storage right 

and received reservoir water on a first come, first serve basis under these scenarios.  As 

such, individual reservoir demands were not limited.  Therefore an “Opens Shares” naming 

convention was adopted for these scenarios, as all diversions could openly take as much 
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way also confirmed figures for yield arrived at in the aforementioned synthetic yield 

approach.  Key indicators analyzed were the amount of overall shortages satisfied, the 

amount of consumptive use shortages satisfied, and the amount of water consumed by 

crops, which was a redundant check of the amount of consumptive use shortage satisfied. 

Scenarios were executed under both normal and optimal operations.  The results of those 

simulations are given in Table 2-2: 

 

Table 2-2:  Shortage Benefits of Middle Piney Reservoir 

Normal Operations 3,370 ac-ft 4,201 ac-ft 

∆ Total Shortage 3,289 3,754 

∆ Consumptive Use 
Shortage 

604 
695 

∆ Consumed 603 668 

Optimal Operations   

∆ Total Shortage 3,383 4,539 

∆ Consumptive Use 
Shortage 

1,594 
1,775 

∆ Consumed 1,631 1,813 

 

The benefits of the reservoir far exceed merely the amount of water that it released.  This is 

due to return flows that become available to other downstream users.  A portion of all new 

water in the inefficient drainage dominated by flood irrigation is used several times until 

extinction.  This is shown by how overall shortage demands satisfied exceeds reservoir yield 

in each case. 

 

The open operation scenario provides insight into the proposed reservoir’s operations.  This 

was described by analyzing the percentage of total shortages satisfied each month of the 

growing season.  The results of this are shown in Table 2-3: 

 

Table 2-3:  Modeled Projected Reservoir Release Timing 

Reservoir May  June July August September 

3,370 ac-ft 30% 19% 20% 23% 8% 

4,201 ac-ft 26% 19% 22% 25% 9% 

 

A key point that is deduced from this information is that the 4,201 ac-ft reservoir would be 

able to provide slightly more late-season releases than the 3,370 counterpart.  This would 

provide greater relief to irrigators during this typically dryer point of the season.   

 

The projected timing of reservoir releases is supported by review of the available historical 

records for the drainage.  Hydrographer diversion data correlates well to the modeled 

reservoir release timing presented in Table 2-3.  Available records were annualized and 
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summed in order to gain a comparative understanding for diversion timing in the drainage.  

These results are provided in Table 2-4: 

 

Table 2-4:  Historic Diversion Timing3 

Month March April May June July Aug. Sept. Oct. Nov. Dec. 

Average 

Demand 
(ac-ft) 

0 

1177 8338 11852 8367 3124 1295 381 56.2 0 

% Total 0% 3% 24% 34% 24% 9% 4% 1% 0% 0% 

 

Reservoir storage levels were also modeled for these scenarios.  Monthly reservoir levels 

under normal operating conditions are shown in Figure 2-11 and 2-12: 

 

Figure 2-11:  Modeled 4,201 ac-ft Reservoir Storage-Open Operations 

 
 

 

 

 

 

 

 

                                           
3
 Available State Hydrographer’s Reports for Middle Piney were digitized from 2011 to 1983.  Assumptions made 

regarding actual turn-on and turn-off dates are provided in Section 2-3. 
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Figure 2-12:  Modeled 3,370 ac-ft Reservoir Storage-Open Operations 
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apportioned to all users in these scenarios, those junior rights which are traditionally short 

will begin to call for water early in most seasons, prohibiting the reservoir from filling as 

much as it potentially could.   

 

Reservoir operations under optimal basin conditions, where demands were limited to 

modeled crop requirements, were also modeled and plotted and are shown in Figure 2-13 

and 2-14: 
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Figure 2-13:  Modeled 4,201 ac-ft Reservoir Storage-Open Shares-Optimal Operations 

 
 

 

Figure 2-14:  Modeled 3,370 ac-ft Reservoir-Open Shares-Optimal Operations 
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Under normal demand conditions, the reservoir rarely fills to 50% capacity, due to the 

overall amount of shortages that exist.  Figure 2-13 and Figure 2-14 illustrate that if 

irrigators simply took only their crops consumptive use requirements, rather than 

maintaining inefficient practices of the past, the reservoir would fill or very nearly fill over 

half the years of the modeled period.  This illustrates the level of control that local irrigators 

actually have over water shortages in the basin.  The rehabilitation of the reservoir should 

help to optimize irrigation practices throughout the drainage.  Irrigators who formally had 

little reason to do so will be presented with an incentive to more closely match diversions 

with crop consumptive requirements.  Therefore the reservoir may provide additional 

benefits to the drainage by incentivizing more efficient irrigation practices.  Figures 2-13 

and 2-14 explicitly demonstrate this fact.   

 

The average monthly reservoir storage levels under equal shares operation for both normal 

and optimal conditions were plotted on a common plot and are shown in Figure 2-15:   

 
Figure 2-15:  Modeled Average Storage-Equal Shares Operations-Normal vs. Optimal Conditions 

 
 

Figure 2-15 demonstrates the drastic differences in reservoir operations that could 

potentially be realized.  These differences are dependent upon how the downstream users 

choose to irrigate in the future.  If irrigators continue to follow practices of the past, taking 

full rights early in the season when consumption is far less than what is being applied; low 

efficiencies in the drainage will create reservoir operations similar to those shown in 

Figures 2-11 and 2-12.  These practices will diminish the ability of the reservoir to realize 

its optimal storage potential and benefits.   
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If more efficient practices are adopted throughout the basin, Middle Piney Reservoir would 

be able to consistently store more water, and thus provide a greater benefit to all its 

shareholders.  Any prediction of future irrigation practices is speculative.  If a strong 

coalition and consensus among irrigators can be developed, then there is a chance that 

more efficient irrigation practices could be adopted and reservoir yield/storage will be 

increased.  Public outreach and education of potential practices could help facilitate such 

efforts.   

 

2.5 RECOMMENDATIONS 
 

It is recommended that Water Development pursue rehabilitation of Middle Piney Reservoir 

at its current capacity of 3,370 ac-ft. Model results indicate diminished returns for reservoir 

yield at the full build out of 4,201 ac-ft.  Therefore the additional costs and permitting 

challenges associated with the full capacity of 4,201 ac-ft are not warranted.   
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3.0 Flood Modeling 

3.1 METHODS 

 

Flood modeling and routing for Middle Piney Reservoir was completed as part of the 

Wyoming Water Development Commission’s study of the facility.  Modeling work was 

completed using Version 3.5 of the U. S. Army Corps of Engineers’ HEC-HMS program.  

Several simulations were completed in order to quantify the effects of various storm events.  

The 1, 6, and 24-hr 100-yr precipitation events were all modeled, as well as the 1, 6, and 

24-hr probable maximum precipitation (PMP) events.   

 

The various durations for the 100-yr return period were developed from precipitation-

frequency maps in Volume II of NOAA’s ATLAS 2 publication.  Values for the 24 and 6-hr 

events were determined directly off of said maps.  Incremental depth-duration data for 

those events was estimated using other figures within the publication.  New PMP data for 

Wyoming was published by the WWDC after completion of the modeling described herein.  

The new data suggests that a higher 1-hr PMP value may be appropriate for Middle Piney 

Reservoir.  Any necessary changes to the flood routing and spillway sizing will be addressed 

as necessary during the Final Design phase of the project.   

 

No maps of the 1-hour event were available, but formulas for estimating the storm were 

given.   The following NOAA equation, valid for Wyoming west of the Continental Divide, 

was used to determine the value of 1-hr event:   

 

Equation 1:  Y100=0.338+0.670[(X3)(X3/X4)]+0.001Z 

 

Where: 

Y100=100 yr. 1-hr estimate 

X3=100 yr. 6-hr value from precipitation-frequency map 

X4=100 yr. 24-hr value from precipitation-frequency map 

Z=point elevation in hundreds of feet 

 

The above formula yielded a value of 1.20 inches for the 1-hr event, with an assumed 

average elevation of 9,500 ft for the drainage area above Middle Piney Reservoir.  

Incremental depth-duration values for the 1-hr event were estimated using tables found 

within the ATLAS 2 document.   

 

The precipitation maps are not paired to any particular month or season, thus to assure the 

most conservative approach, it was assumed that the events would occur on snow within 

the drainage.  The following formula, taken from the Level II study of Middle Piney 

Reservoir completed by States West Water Resources Corp. in 2009, was used to estimate 

the added effect of snowmelt: 
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Equation 2:  M=(3.38+0.0126Pr)Ta+1.3 
 

Where: 

M=Snowmelt from rain (millimeters/day) 

Pr=Daily rainfall (millimeters) 

Ta=Mean temperature (degrees Celsius) 

 

A value of 10 degrees Celsius was assumed for the daily mean temperature for the drainage 

area, as this was assumed to be the highest temperature a large scale storm could occur 

with significant snow on the ground.  Examination of historical temperature data from the 

nearby Triple Peak SNOTEL site confirms this assumption. 

 

Snowmelt values were calculated for each scenario and added to the total precipitation 

depth was be input into the HEC-HMS model.  Table 3-1 summarizes the values of 100-yr 

return period for the various durations: 

 

Table 3-1:  Middle Piney 100-Yr Event Precipitation 

Event Duration (hr.) 
NOAA 

Estimate (in.) 

Snowmelt 
Estimate 

(in.) 

Total (in.) 

1 1.2 .22 1.42 

6 2.2 .41 2.61 

24 3.8 1.86 5.66 

 

Probable Maximum Precipitation values were calculated using NOAA’s HMR 49 publication.  

The 1, 6, and 24-hr durations were all determined.  Two different approaches were used, 

one assumes a general storm PMP, and the other assumes a local storm PMP.  The 24-hr 

event is considered a general storm PMP, while the 1-hr event is considered a local storm 

PMP.  The 6-hr event was calculated through reduction of the 24-hr general storm event, 

which was favored over an extension of the local storm 1-hr PMP.   

 

The general storm PMP required estimation of both the convergence and orographic PMP’s.  

Convergence PMP’s vary significantly from month to month.   Peak values for the 

convergence PMP’s exist in July and August, but examination of nearby SNOTEL stations 

indicates that no appreciable snow will likely be present at the elevations of the Middle Piney 

drainage during those months. The most conservative approach would be to select the 

month with which the highest possible snowpack would still be present, paired with the 

highest predicted Convergence PMP.  Thus the May values were used after comparison of 

total effect of the May event with snowmelt was found to be greater than other events.  The 

May convergence PMP was then reduced for elevation and a final value was attained. 

 

The orographic PMP was determined from the index map and adjusted for seasonal 

variation.  Orographic PMP’s also require an aerial reduction for drainage’s larger than 10 

mi2 but, since the drainage to Middle Piney is only 5.64 mi2, this was not applied.  The 

convergence and orographic PMP’s were then summed to find the total precipitation of the 
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general storm PMP.  The 6-hr event was then calculated through reduction of this value via 

depth-duration tables.   

 

The local storm PMP was also taken from its appropriate index map, which does not require 

seasonal adjustment.  However, adjustments for elevation above 5,000 ft are required and 

were applied to the Middle Piney drainage.  Incremental depth duration curves and tables 

were also used for this event. 

 

Snowmelt values were calculated for all events using the formula discussed above and the 

final total values for the various PMP events were found and are shown in Table 3-2:  

 

Table 3-2:  Middle Piney PMP Values 

Event Duration (hr.) 
NOAA 

Estimate (in.) 

Snowmelt 
Estimate 

(in.) 

Total (in.) 

1 6.31 0.85 7.16 

6 6.85 1.12 7.97 

24 12.6 2.97 15.57 

 

The final values for the 1-hr local storm PMP as well as the 24-hr PMP’s for May and July are 

provided for comparison in Figure 3-1: 

 

Figure 3-1:  Middle Piney PMP Values 
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The 100-yr and PMP storm event depths were then entered into the HEC-HMS model for 

simulation.  Many site specific characteristics of Middle Piney Reservoir and the drainage 

above it also had to be entered for model execution.  These included basin and 

meteorological models, time series data, paired data, and model control specifications.   

 

The basin model included a sub-basin linked to a reservoir node.  The sub-basin was 

assigned characteristics representative of the drainage area above Middle Piney Reservoir 

including area, loss, and transform methods.   

 

The reservoir drainage area of 5.64 mi2 was entered and an SCS Curve Number was chosen 

for the loss method.  A composite curve number of 73 was derived.  This composite number 

includes CN=60 for the canopy in fair condition that was delineated and shown to cover 

approximately 41.6% of the drainage, as well as CN=81 for herbaceous rangeland that was 

estimated to cover approximately 29.2% of the drainage.  The remaining 29.2% of the area 

was dubbed “exposed granular material” and was assumed to have a CN=85.  All areas 

were assumed to contain Type B soils throughout.   

 

Simple interception calculations were made for the canopied portions of the drainage.  The 

lodgepole pines native to the area will have an average interception rate of 29.3%4.  When 

this figure was applied to the 41.6% of the total drainage which was delineated for canopy, 

a total simple interception figure of 12% was derived.   

 

The Clark Unit Hydrograph was selected for the transform method.  Time of concentration 

and storage coefficients were the only parameters required. A time of concentration of 0.5 

hr was calculated for the drainage using kinematic wave theory.  A conservative Manning’s 

n=.036 was used, and the most hydraulically remote flow path assumed to be the far 

northwest corner of the drainage.  Although a Tc=47.7 minutes was calculated, .5 hours was 

used in the model to remain conservative.  A storage coefficient of only .1 hr was assumed 

as another conservative estimate, with little empirical data being available to justify a 

higher estimate.    

 

The meteorological models used the specified hyetograph option to simulate precipitation.  

Hyetograph’s were developed for each event from user defined precipitation gauges 

representing the various storm events described above.  Precipitation gages were created as 

time-series data, with all events occurring at the end of May. 

 

Paired data was created to simulate the reservoir characteristics and the effects of the 

proposed spillway and outlet works.  Storage-discharge and elevation-storage functions 

                                           
4
 Interception of precipitation by pole-stage Sitka spruce and lodgepole pine and mature Sitka 

spruce…  A.R. Anderson and D.G Pyatt.  Found at:  
http://forestry.oxfordjournals.org/content/59/1/29.abstract  

http://forestry.oxfordjournals.org/content/59/1/29.abstract
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were created to achieve this.   Storage-discharge tables were created for the proposed 54” 

HDPE outlet works pipe, as well as the 100 ft wide spillway.   

 

Flow regimes for the outlet works were based upon an invert elevation of approximately 

8815.27 ft, and were calculated assuming outlet control of the proposed 742 ft alignment.  

Friction slope methods were used to calculate pipe frictional losses, assuming a manning’s 

n=.012.  Inlet and transition losses through the outlet works structure were assumed to be 

equal to 1.5 and 1 velocity heads, respectively.  Minor losses for the two proposed 22.5º 
bends and one 11.25º bend were also accounted for. An iterative approach was taken, 

where required reservoir elevations were solved for assuming a desired flow-rate through 

the pipe. The proposed outlet works alignment is presented in Figure 7-5. 

 

Initial comparative analysis was completed for two different sizes of outlet works pipe, 48” 

and 54”.  Comparison was made for their ability to pass the “natural hydrograph” of the 

basin.  With limited data available to define the natural hydrograph, data from the nearby 

La Barge Creek gauge, located near La Barge Meadows Ranger Station, approximately 8.65 

miles southwest of Middle Piney Dam, was selected as a representative proxy of flows.   

During the 31 year period of record available from 1950 to 1981, La Barge Creek carried a 

peak flow of approximately 120 cfs.  A 150 cfs peak was then assumed as a conservative 

estimate of the natural hydrograph for Middle Piney.   

 

With 12 of the 13 highest flow rates available from the La Barge Creek gauge occurring 

during the month of June, it was assumed that the hydrograph for Middle Piney will on 

average also peak in June.  Modeling work completed for estimation of reservoir yield, which 

is beyond the scope of this section, identified June as having an average storage level of 

approximately 2,000 ac-ft, which corresponds to a reservoir elevation of 8,828.0 ft.   Thus 

the outlet works pipe was designed to pass flows up to 150 cfs below 8,828.0 ft reservoir 

elevation.  Examination of both options showed that the 54” HDPE would more comfortably 

pass these flows.  The final rating curve determined for the outlet works is shown in Figure 

3-2: 
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Figure 3-2:  Proposed Middle Piney Outlet Works Hydraulics 

 
 

Spillway flow was calculated assuming a 100 ft wide crest with a ogee discharge coefficient 

of 0.6.  A discharge coefficient, Kw =0.4 was derived from the ogee coefficient.  The 

proposed auxiliary spillway plan and profile is presented in Figure 7-6.  The proposed 

auxiliary spillway flow hydraulics are shown in Figure 3-3: 
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Figure 3-3:  Proposed Middle Piney Auxiliary Spillway Hydraulics 

 

 

Elevation-storage functions were created from tabular input of known stage-storage data for 

the reservoir.  Simulations were executed for both the outlet works, and auxiliary spillway.  

Outlet works simulations were completed first, to determine peak stages reached during the 

100-yr events.  After that time, the spillway elevation was set at 8,838.0 ft and the PMP 

events routed through the spillway.  In order to achieve the most conservative outcome, the 

PMP events were routed assuming spillway flow only, and no contribution from the outlet 

works.  All simulations were run assuming an initial condition of the reservoir being full to 

its normal high water elevation, 8,836.0 ft.   

 

All paired data used within the model is summarized in Table 3-3 and 3-4:   
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Table 3-3:  Modeled Outlet Works Paired Data 

Elevation (ft) 
Reservoir 

Storage (ac-ft) 
Discharge 

(cfs) 

8,815.3 0.0 0.0 

8,816.9 200.0 100.0 

8,821.2 900.0 150.0 

8,827.1 1,875.9 200.0 

8,834.8 3,150.0 250.0 

8,843.9 5,050.0 300.0 

 

Table 3-4:  Modeled Auxiliary Spillway Paired Data 

Elevation (ft) 
Reservoir 

Storage (ac-ft) 
Discharge 

(cfs) 

8,836.0 3,370.0 0.0 

8,837.0 3,600.0 0.0 

8,838.0 3,800.0 0.0 

8,839.0 4,000.0 321.0 

8,840.0 4,200.0 908.0 

8,841.0 4,400.0 1,668.0 

8,842.0 4,625.0 2,568.0 

8,843.0 4,850.0 3,589.0 

8,844.0 5,100.0 4,718.0 

 

Control parameters were created to define time frames for the model simulations.  Two 

separate controls were created.  One time frame was set beginning on May 30th for the 24-

hr events and one on May 31st for 1-hr events.  As discussed above, this time was selected 

as the most conservative estimate due to the combination of rain on high snowpack possible 

in May.  6-hr storms were analyzed using the 24-hr time frame.  All events were extended 

out through time for observation of the time duration required for the reservoir to return to 

normal operating levels. 

 

3.2 MODEL RESULTS 

 

Simulations were executed for all events and the results were analyzed.  Simulations were 

completed for the current storage volume of 3,370 ac-ft, at the 8,836.0 ft high water 

elevation.  For each event, key indicators were examined including peak flow rates into and 

out of the reservoir, total volumes into the reservoir, and peak storage and elevation levels.  
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Peak flow rates into the reservoir for the various modeled scenarios are presented in Figure 

3-4:   

 

Figure 3-4:  Modeled Peak Reservoir Inflows 

 

 

The 1-hr PMP peak inflows stand out well above all others.  The large amount of 

precipitation in a short 1-hr period makes this the highest intensity event.  Although this 

intense event creates the highest peak inflows, the total volume of excess run-off created 

from the event is less than both the 6-hr and 24-hr PMP’s as evidenced in Figure 3-5:   
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Figure 3-5:  Modeled Total Runoff Volume 

 
 

The durational impact of the storms is clear as there is increased volume through all events.  

The total runoff volume also has a strong correlation to the level of peak storage in the 

reservoir.  Peak storage values are presented in Figure 3-6: 
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Figure 3-6:  Modeled Peak Reservoir Storage 

 
 

The less intense 6-hr PMP event does not reach the same peak as the highest intensity 1-hr 

PMP event, as the increased duration allows outflow from the reservoir outlet works and 

spillway to have a greater effect.   

 

PMP events require the greatest level of storage in the reservoir.  All volumes stored during 

any of the events analyzed have the effect of attenuating the flood flows.  That is, the 

intensity of the flood is lessened through storage of volumes that would otherwise 

propagate naturally down the watershed.   

 

The peak level of storage relates directly to the peak water surface elevation that will be 

reached.  This is demonstrated in Figure 3-7: 
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Figure 3-7:  Modeled Peak Reservoir Elevation 

 
 

The peak reservoir elevation is the most critical of all data sets analyzed.  It was used for 

sizing the outlet works and spillway, and for determination of spillway and embankment 

elevations.  This was done by first modeling the 100-yr events in order to ensure the correct 

sizing of the outlet works.  Simulations were executed for the proposed 54” HDPE 

alignment, and a max height of just less than 8,838.4 ft was found.  The spillway crest 

elevation was then set to 8,838.0 ft with a 6” gravel wash-out berm that will retain 100-yr 

events, while washing out during all PMP events.  The embankment height was set at 

8,844.0 ft, thus providing ample freeboard of at least 5.5’ for all the 100-yr events.   

 

After simulations confirmed that sufficient freeboard would still be available during those 

events, the PMP storm simulations were executed.  The peak reservoir elevations reached 

under those conditions were then used to confirm the final spillway dimensions and 

embankment elevation.  Simulations confirmed that the proposed spillway will adequately 

pass the PMP events, with approximately 2.4 ft of freeboard available during the 1-hr PMP, 

which represents the most critical scenario.   

 

The peak elevations reached will also determine peak reservoir outflows.  This is due to 

greater head over the outlet works creating higher pipe velocities as well as the utilization of 

the auxiliary spillway at higher elevations.  Peak outflow values are shown in Figure 3-8: 
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Figure 3-8:  Modeled Peak Reservoir Outflow 

 

 

Due to their higher peak reservoir elevations, the PMP events will create the greatest 

outflows from the reservoir.  The obvious great disparity between the PMP events and 100-

yr events is due to the activation of the auxiliary spillway during all PMP events. 

 

3.3 RECOMMENDATIONS 
 

Model simulations justify the following design conditions shown in Table 3-5: 
 

Table 3-5:  Recommended Facility Elevations 

Description Elevation (ft) 

Outlet Works Invert El. 8,815.27 

Operating Level of 
Reservoir (NHWL) 

8,836.0 

Auxiliary Spillway Crest 
Elevation 

8,838.0  

Dam Crest Elevation 8,844.0 
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The outlet works pipe should be constructed using 54” HDPE and at the alignment shown on 

the proposed drawings.  The spillway crest should be constructed at 100 ft wide and at the 

dimensions and grades shown on the drawings.  Figures displaying the preferred auxiliary 

spillway and outlet works alignment are found in Section 7.   

 

New PMP data for Wyoming was published by the WWDC after completion of the modeling 

effort described herein.  The new data suggests that a higher 1-hr PMP value may be 

appropriate for Middle Piney Reservoir.  Any necessary changes to the flood routing and 

auxiliary spillway sizing will be addressed as necessary during the Final Design phase of the 

project.  
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4.0 Auxiliary Spillway Routing 

4.1 METHODS 

 

Hydraulic modeling of the preferred auxiliary spillway for Middle Piney Reservoir was 

recently completed as part of the on-going study of the facility.  Version 4.1 of the U.S. 

Army Corps of Engineers’ River Analysis System (HEC-RAS) was used to complete the 

analysis.  Modeling was completed to ensure that the auxiliary spillway could pass any PMF 

event without overtopping the dam. 

 

The preferred auxiliary spillway will follow a north-south alignment across the proposed cut-

off trench and through the center of the proposed embankment as it turns to the north east 

and allows flows to exit into Middle Piney Creek.  The channel will serve as the access road 

to the site, and would be inundated by any flows over the spillway crest.  Additional access 

will be provided to either side of the channel via a 6” deep by 20 ft wide wash-out berm that 

will span the auxiliary spillway at the channel inlet.  It is assumed that this berm will wash-

out completely during the PMP event.  Therefore the crest elevation is still considered to be 

8,838.0 ft.  The main channel/roadway will have trapezoidal geometry and feature at least 

6” of crushed rock road base and grouted rip-rap side walls.  A plan and profile view of the 

preferred auxiliary spillway is provided in Figure 7-6 of this report.   

 

Analysis was completed for a 100 ft wide spillway crest with a crest elevation of 8,838.0 ft.  

This broad bench elevation will be maintained from the channel invert for a length of 

approximately 246 ft until the crest structure near the dam face.  Grades increase from the 

crest structure through the dam section, forming an ogee spillway that will pass flows to 

Middle Piney Creek.   

 

The 100 ft wide crest will have a concrete cut-off 2 ft wide by 5 ft deep for erosion 

protection.  The crest cut off will be at the end of a spillway bench at elevation 8,838.0 ft.  

The cut-off shall span the width of the dam crests, tie the dam face into spillway crest, and 

will function as a broad crested weir.   

 

The auxiliary spillway was designed to minimize excavation into the newly placed 

embankment.  The deepest cut into the proposed embankment shall be to 8,836.0 ft, 

occurring approximately 18.5 ft downstream of the dam crest; thus avoiding disturbance of 

core material.  This design will allow for the core material to be maintained up to the normal 

high water elevation of 8,836.0 ft.  The proposed 100 ft spillway crest width will be nearly 

continuous over the spillway alignment, narrowing slightly to 77 ft within the embankment 

sections. 

 

Slopes of the proposed auxiliary spillway vary from 0.0-5.61%, increasing down the 

alignment. The tie-in from the spillway to the proposed road crossing over Middle Piney 

Creek was graded to direct flow to discharge into the existing Middle Piney channel 

upstream of the crossing.  The design will protect the access road from wash-out for flows 
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under approximately 1,000 cfs.   This will also promote continued passage of flows 

downstream while minimizing the potential for backwater effects.   

 

The modeled auxiliary spillway geometry is displayed in Figure 4-1:   

 

Figure 4-1:  Modeled Auxiliary Spillway Geometry 

 
 

For execution of the model, the auxiliary spillway was analyzed as a simple river reach.  

Detailed geometric data was entered in select cross-sections, which defined the spatial 

dimensions of the spillway.   

 

Model simulations were executed assuming the maximum potential flow over the auxiliary 

spillway, as found through hydrologic modeling of the highest intensity PMF event previously 

completed in HEC-HMS.  These values, which occur during the 1-hr PMP event, equate to a 

maximum flow of 2,212 cfs, assuming an initial condition in the reservoir of WSE=8,836.0 ft 

at the beginning of the event.  Model simulations were conservative in that contribution of 

the outlet works during the PMP even was negated.  That is, the auxiliary spillway was 

designed to channel all of the event flows.   

 

Incremental time series data was entered in one hour intervals for the model simulations.  

The runs were completed as steady state simulations, with 24 time series entered, spanning 

the full length of the PMF event.  Model simulations were completed assuming the potential 

for mixed flow regimes, with both super and sub-critical flows.  The upstream flow condition 

was an assumed water surface elevation taken from the reservoir data found through 
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previously completed HEC-HMS modeling.  The downstream water surface elevation was 

found through separate HEC-HMS modeling of the proposed flows through the existing 

channel.  A Manning’s n=.025 for the main gravel channel was assumed, with n=.036 for 

riprap slopes.   

 

4.2 RESULTS 

 

Model simulations confirmed that the proposed spillway will pass the peak flows of the 1-hr 

PMP event without overtopping the dam.  The results of some of the key parameters of the 

simulation are presented in Table4-1: 

 

Table 4-1:  Auxiliary Spillway Model Simulation Results 

Location 
Channel 

Velocity (ft/s) 

Flow Type Peak WSE 

(ft) 

Available 

Freeboard 
(ft) 

Auxiliary 
Spillway Inlet 

4.26 
Sub-Critical 8,842.02 1.98 

Auxiliary 
Spillway Crest 

8.87 
Critical 8,840.47 3.53 

Dam CL 12.62 Super-Critical 8,838.63 5.37 

Dam Toe 14.63 Super-Critical 8,837.13 6.87 

Road Tie-In 27.05 Super-Critical 8,819.19 N/A 

 

These figures demonstrate that the preferred auxiliary spillway will be able to pass PMF 

flows with sufficient levels of freeboard available to the dam crest.  The State Engineer’s 

Office does not have official requirements for freeboard during a PMF event.  The 2 ft of 

freeboard available during the highest PMP is a conservative figure by most design 

standards.   

 

Results show that the auxiliary spillway chute will be in slight control of flow.   This is known 

because the peak water surface elevations reached are greater than those predicted over a 

broad crested weir.  The modeled results for peak WSE are therefore slightly greater than 

the maximum elevations predicted using the HEC-HMS model.  The slight variation present, 

with the amount of freeboard still available, serves as confirmation of the suitability of the 

proposed auxiliary spillway.   

 

Cross-sections analyzed at the bottom of the auxiliary spillway, near the tie-in to the 

existing road, showed that flows will be directed away from and below the road crossing for 

all flows under approximately 1,000 cfs, as per the design intent.
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5.0 Geotechnical Investigation 

5.1 INTRODUCTION 

 

This section summarizes findings from supplemental subsurface site investigations 

conducted in 2012 and 2013 at the Middle Piney Reservoir site, and conceptual-level design 

options for addressing dam safety issues and controlling excessive seepage that occurs 

through landslide deposits that comprise the right (south) abutment of Middle Piney Dam. 

Supplemental subsurface exploration and testing described in this section was designed to 

augment a prior geotechnical investigation completed at the site by Miller Geotechnical 

Consultants, Inc. (MGC) and Plumley and Associates, Inc. (PAI) in 2006. The 2006 

investigation included geologic mapping and subsurface investigations with borings and 

backhoe excavated test pits. A summary of the geologic and seismic setting and results of 

the site geologic mapping and subsurface exploration conducted in 2006 was documented in 

a report submitted to States West Water Resources Corporation (States West) in 

November 2006; and later incorporated into the Final Report Middle Piney Reservoir, Level 

II Study (States West, 2009). 

The results of the initial (2006) investigation confirmed the presence of a large ancient 

landslide deposit in the right (south) abutment of the existing dam (Figure 5-1). As 

described in the Final Report (States West, 2009): 

“Regional geologic mapping has identified the presence of several large landslide 

deposits in the Middle Piney Lake area (Litchford, 1966; Rubey 1973: Case, 1989). A 

large ancient landslide occurs in the right abutment of the existing dam. The 

landslide deposit formed by the rapid downslope movement of material generated 

from the slopes southeast of the dam. The large slope failure resulted in the 

northward movement of rock and soil material across the Middle Piney Creek valley. 

The landslide formed a natural dam on Middle Piney Creek which in turn led to the 

development of Middle Piney Lake. In the process, the preexisting course of Middle 

Piney Creek was buried; flow out of the lake reestablished a new stream pathway 

around the toe or northern margin of the landslide deposit. The existing dam was 

situated along the upstream margin of the landslide complex to evidently take 

advantage of the partial valley fill (or natural dam) created by the landslide debris.” 

 

 

 

 

 

 

 



Qlso
Qlso

Qls

Qdf

Qdf

Qlso

NORTH

Miller Geotechnical Consultants

 

 

 

LANDSLIDE DEPOSIT:  ACTIVE OR POTENTIALLY ACTIVE, ARROWS INDICATE
GENERAL DIRECTION OF MOVEMENT

ANCIENT LANDSLIDE DEPOSIT:  SUSPECTED OLDER OR ANCIENT
LANDSLIDE DEBRIS WITH NO EVIDENCE OF RECENT MOVEMENT

DEBRIS FLOW DEPOSIT

GEOLOGIC CONTACT

Qls
LEGEND

Qlso

Qdf

KraMJ0490
Text Box
Figure 5-1:  Landslide Map, Middle Piney Dam Area
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5.2 EXISTING DAM SAFETY ISSUES 
 

The Middle Piney Dam has a history of dam safety concerns, among which are foundation 

seepage issues associated with the right (south) abutment which is comprised of landslide 

debris. The U.S. Army Corps of Engineers inspected the dam in 1979 under their Phase I 

National Dam Safety Inspection Program (USACE, 1979). The Phase I inspection noted that 

the dam embankment appeared to be in good condition at the time of the inspection, but 

recommended additional studies be completed to better understand potential dam safety 

risks. The USACE classified the dam as high hazard, and recommended hydrologic studies 

be completed to determine whether or not the auxiliary spillway was adequate to prevent 

dam overtopping during a Probable Maximum Precipitation (PMP) event. The USACE also 

recommended additional studies to evaluate seismic hazards and potential for landslides 

into the reservoir and associated consequences. Seismic hazard potential and landslide 

mapping studies were performed by MGC in 2006 and those studies are documented in the 

2009 Level II Report (States West, 2009).  

5.2.1 Seepage 

 

Seepage issues also were described in the 1979 Phase I Inspection report, and 

recommendations were to install piezometers, and to monitor known seepage areas at the 

downstream toe of the dam and along the right (south) side of the channel below the outlet, 

along with reservoir elevations, to determine any significant changes in flow rates.  There is 

no known evidence that this occurred.  As part of the Wyoming Water Development Study, 

States West conducted a seepage study from November 2007 to July 2008 to estimate 

seepage through and around the Middle Piney Dam. The results of the seepage analysis 

indicated that the seepage rates observed in Middle Piney Creek below the dam increased 

dramatically during spring runoff after the water level in Middle Piney Reservoir rose above 

the invert of the outlet works. These observations suggested the seepage pathways of 

primary concern are relatively shallow, located at elevations that are greater than the 

approximate 8,815.27 feet invert elevation of the outlet works (States West, 2009). These 

observations were confirmed by the current study, as documented in this Supplemental 

Geotechnical Investigation report. As described in detail in later sections, the high rates of 

seepage above elevation 8,815.27 ft are attributed to a layer of quartzite boulders that was 

identified by the 2012-2013 subsurface investigations to be buried within the landslide 

deposit.   The quartzite boulder layer is in direct hydraulic contact with the reservoir pool. 

Seepage through this highly conductive zone presents dam safety concerns due to potential 

for scour and internal erosion at the dam/abutment contact during periods of sustained high 

reservoir pool levels.  

 

Dam safety recommendations are provided in Section 5-4 of this report to provide positive 

seepage cutoff options for the quartzite boulder zone along with protective filter and drain 

zones down-gradient from the seepage cutoff. 
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5.2.2 Avalanche Debris 
 

In addition to the foundation seepage issues that were the primary focus and scope of this 

investigation, another potential dam safety concern was recognized by events that occurred 

over the period of this study having to do with the avalanche risk in the dam site area. The 

southeast reservoir rim and north valley slopes near the dam are subject to shallow 

landslides, and rock and snow avalanches. These phenomena can present a dam safety risk 

mainly due to debris deposits that could potentially block or partially block either the outlet 

pipe or the spillway.  

 

Photos of “avalanche slides” were noted on the southeast reservoir rim in the 1979 

Inspection report (USACE, 1979). In the early spring of 2013, a large rock avalanche 

occurred in the same area, just upstream from the landslide block that forms the south dam 

abutment. Figure 5-2 (a) and (b) show pictures of the 2013 slide area before and after the 

rock avalanche. Figure 5-2 (c) shows how the event felled numerous trees that ended up 

in the reservoir and eventually piled up against the dam face.  

Another avalanche event occurred in the spring of 2014. The 2014 event was a snow 

avalanche that occurred on the steep slope on the north side of the valley adjacent to the 

dam. That event deposited debris on the dam and in the outlet discharge channel, and 

blocked the auxiliary spillway, as shown on the photos presented as Figure 5-3 (a) and (b). 

These recent avalanche events illustrate dam safety risks associated with debris from 

avalanches that could block the auxiliary spillway or outlet works. Although these avalanche 

issues were not the focus of this current subsurface investigation (which was focused on the 

seepage questions), design for dam safety improvements will need to consider the risks 

posed by the prevalent rock and snow avalanches in the vicinity of the dam.  

Figure 5-2:  Rock Avalanche on South Reservoir Rim, Spring 2013 

 

(a) Before rock avalanche    (b) After rock avalanche 
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(c) close-up of slide area 

 

 

Figure 5-3:  Snow Avalanche on North Dam Abutment, Spring 2014 

  

 

(a)  View Downstream of Blocked Channel  (b) View of Spillway Being Cleared 

 

5.3 PURPOSE AND SCOPE OF SUPPLEMENTAL (2012-2014) GEOTECHNICAL 

STUDIES 
 

The preliminary (2006) investigation was limited in scope, and insufficient data were 

collected at that time to fully understand the subsurface conditions and seepage issues in 

the south abutment area that could impact dam safety. MGC was tasked in 2012 to conduct 

additional site investigations and analyses for the following purposes: 

1. To evaluate the seepage conditions in the slide deposits that form the right (south) 

dam abutment, including identifying probable pathways, depth and extent of 

seepage around the dam and whether or not these seepage pathways presented a 

risk to the safety of the dam; and 
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2. To develop viable concepts and cost estimates to cut off and control abutment 

seepage through the slide debris, for purposes of both (a) dam safety risk reduction, 

and (b) reduction in seepage quantity such that water stored above elevation 

8,815.27 ft in the reservoir is not rapidly lost to seepage, and is therefore accessible 

for beneficial use by irrigators in the late summer or for carry-over storage. 

5.3.1 2012-2014 Subsurface Geotechnical Investigations 

The geotechnical field investigations included the following main activities, which are 

described in the following subsections: 

1) Geophysical seepage mapping using a proprietary system known as Willowstick® 

(www.willowstick.com)  

2) Drilling and piezometer installation 

3) Test pit excavation, bulk sampling, and supplemental laboratory testing in 

the potential borrow area 

5.3.1.1 Geophysical Seepage Mapping 

Geophysical seepage surveys were completed in June, 2012 by Willowstick®. The 

electrical/magnetic seepage mapping technology is described in a white paper on their web 

site: http://www.willowstick.com. 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.  The full report dated August 20, 2012 documenting the geophysical 

surveys at Middle Piney and interpretations of the data by Willowstick® is attached as 

Appendix A1 to this report. 

Interpretive results from the Willowstick seepage mapping surveys are illustrated on Figure 

5-4 through Figure 5-7. These figures represent horizontal and vertical slices taken 

through Willowstick’s interpretive model in the study area. White-shaded areas on these 

figures represent “neutral” conditions meaning that the concentration of electric current is 

the same as would be predicted for a homogeneous medium. Dark green shading on these 

figures indicates areas where electric current is more concentrated, and purple shading is 

where current is less concentrated. The green-shaded areas are inferred to show 

preferential zones for water presence and flow. Key findings from these interpretations are 

listed as follows: 

1. Figure 5-4 is a horizontal slice taken through the interpretive model at a shallow 

depth of approximately El. 8,810. The main inferred seepage path for water 

http://www.willowstick.com/
http://www.willowstick.com/
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leaving the reservoir and entering the slide mass is indicated by the thick yellow 

arrow, and is bounded by the two thin black dashed lines. The primary seepage 

pathway appears to enter the slide mass in a zone located between 300 and 400 

feet southeast (along the shoreline) from the outlet pipe. 

2. Figure 5-5 is a horizontal slice taken deeper, at approximately El. 8,770. The 

dark green-shaded area (indicating saturation) is broader at this elevation, but 

still appears to be bounded except along the deep, main flow path shown by the 

fat 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 

signature of the smaller flow path fades as it approaches the creek channel. This 

is observed in all elevation slices, and is likely due to the flow path being near 

surface and outside the domain of the model. 

3. Figure 5-6 is a vertical slice taken at Section C, situated parallel with the 

shoreline and approximately 350 feet down-gradient from the reservoir. The 

location of Section C is shown on Figures 5-4 and 5-5. The main interpretation 

from this figure is that there appears to be a signature of a deep, concentrated 

flow path indicated by the dashed blue oval. The “shadow” effect of this seepage 

path is shown by the black dashed lines under the oval on the figure. 

4. Figure 5-7 is a vertical slice taken along Section E, parallel with (i.e., along) the 

inferred main flow path from the reservoir. The location of Section E is shown on 

Figure 5-4. The heavy blue dash-dot line on this figure represents Willowstick’s 

best estimate of the location of the former creek channel that was buried by the 

landslide. The estimated depth of the creek channel is drawn in the 

cross-sectional view. The transition from white shading to green shading below 

the black dashed line was inferred to show how the seepage path drops down 

from the elevation of the reservoir to the elevation of the old creek channel below 

the base of the slide. 
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Figure 5-4:  Willowstick Survey Interpretive Model, Horizontal Slice at El=8,810 Ft. 

 
 

Figure 5-5:  Willowstick Survey Interpretive Model, Horizontal Slice at El=8,770 Ft. 
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Figure 5-6:  Willowstick Survey Interpretive Model, Vertical Slice at Section C 

 
 

Figure 5-7:  Willowstick Survey Interpretive Model, Vertical Slice at Section E 
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The following are considered limitations of the geophysical study: 

1. The surveys were conducted at a relatively low reservoir pool level 

(approximately El. 8,819). At higher pool levels it is possible that other seepage 

pathways may exist in addition to the main seepage paths inferred by 

Willowstick’s interpretation of the survey. 

2. Following subsequent subsurface geotechnical site investigations, which are 

described in the next section, MGC challenged Willowstick’s interpretation of a 

main, deep concentrated seepage path shown on Cross Section E-E’ (Figure 5-7) 

as having a steep gradient from the reservoir down to the inferred ancient creek 

bed below the slide mass. Although MGC concurred that deep seepage is likely 

occurring through the slide debris, and may be concentrated along some 

preferential zones, the collective behavior of piezometers, which were installed 

during the subsequent subsurface investigation in the vicinity of the main inferred 

seepage path shown on Willowstick’s figures, does not indicate a strong 

downward gradient in that area. Rather, the piezometers indicate a relatively 

stable ponding condition exists, essentially equal to the reservoir pool elevation, 

in the area roughly outlined by the deep green shading shown on Figures 5-4 

and 5-5. MGC believes that the geophysical results show the approximate extent 

of a buried “bath tub” effect adjacent to the reservoir rim. This buried, pervious 

zone appears to be partially confined down-gradient by some unknown 

subsurface geologic feature or condition within the slide mass. This interpretation 

is further explained in Section 5.3.1.5 and is the basis for the proposed seepage 

cutoff recommendations that are provided in Section 5.5. 

5.3.1.2 Drilling and Piezometer Installation  

Subsurface exploration conducted in the original 2006 investigation included drilling two 

borings: one boring (B-1) located on the right (or south) abutment in the slide debris, and a 

second boring (B-2) located on the hill slope on the left (or north) abutment. The locations 

of theses borings are shown on Figure 5-8.  Based on observations from boring B-1, which 

was advanced 77 feet into the landslide mass, and from exposures in road cuts through the 

landslide deposits near the existing dam, the landslide deposits were generally described as 

highly variable mixtures of soil and rock fragments up to boulder size. The slide debris 

appears to be generally comprised of about 20-40% (estimated) boulder to cobble-sized 

fragments within a silty, sandy clay matrix. However, much coarser zones of rubble 

(estimated up to 80% or higher fraction of cobbles and boulder fragments), and open voids 

were encountered at greater depths in B-1. It is these zones that were suspected to be 

likely pathways for high seepage through the landslide deposits. 

The 2006 boring B-1 did not fully penetrate the slide debris and encounter bedrock. The 

supplemental drilling program had originally planned to investigate potential seepage 

conditions in the right (south) abutment landslide, by drilling at least two deep borings that 

would penetrate completely through the slide mass. However, based on the interpretation of 

the Willowstick geophysical survey results in July 2012, MGC modified the subsurface 



 

Nov/2015 5-11    
Y:\1-Technical\2822 WWDC\2822-01 Middle Piney\0000_Deliverables\Report Drafts\Middle Piney FINAL 
Report_11_11_15.docx 

 

 

drilling plan to focus on investigating the seepage conditions in the upper 50 to 60 feet of 

the right (south) abutment landslide mass. The design team felt that the available budget 

for drilling was best utilized for the primary purpose of investigating concentrated seepage 

zones that may, or may not be, possible to cut off economically. 

The results from the geophysical surveys indicated a complex pattern of subsurface seepage 

within the slide debris. The Willowstick survey was done under conditions where the 

reservoir pool was just above the elevation of the outlet (Elevation 8,819). Under these low 

(relative to the height of the dam) reservoir pool conditions, the Willowstick surveys 

appeared to indicate a fairly localized zone where seepage enters the slide mass from the 

reservoir. This entry zone is located approximately 350 to 450 feet right of the outlet pipe. 

From the entry zone the seepage appeared to generally diffuse down-gradient through the 

slide debris, with concentrated zones of seepage evident along two distinct pathways, which 

are overlain on the geologic site plan shown on Figure 5-8 The main seepage path appears 

to flow north from the intake zone towards the direction of the campground parking area. A 

secondary pathway appears to veer off towards the northwest. The geophysical models also 

appears to show that the seepage zones are initially mapped at fairly shallow depths within 

the slide mass, and then deepen substantially moving away from the reservoir. 

Based on the historic reservoir water level observations reported by States West, reservoir 

seepage losses appear to substantially diminish once the reservoir drops below the existing 

outlet pipe intake, that is, below approximately elevation 8,815. This behavior of the 

reservoir seemed to indicate that the predominant seepage zone (or zones) through the 

slide debris may be concentrated at relatively shallow depths. This was confirmed by the 

drilling program as described below. 

1) The supplemental geotechnical subsurface exploration field work was completed 

between September 5 and September 10, 2012. The subsurface investigation 

consisted of drilling six additional exploration borings (B3, B4, B5, B6, B7 and B8), 

with five of the borings (B3, B4, B5, B6 and B8) completed as piezometers for 

monitoring groundwater elevations. The locations of these borings shown are shown 

on Figure 5-8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



882088158810

8805

8800

PARKING / LOOKOUT

PARKING AREA 

RESTROOM

STONES LINE ROADS

INV = 8812.48

INV = 8811.80

B1

B2

42"x70" ARCH CMP 

Qlso

Qlso

Qlso

Qlso

Qdf

Qdf

F

F

F

Qc

Pp

Pp

Pp

PPw

PP
w

PPw

PPw

B3

B7

B8

CAMPGROUND AREA
(NOT SURVEYED)

CONCRETE HEADWALL
STRUCTURE AT INLET

TOP CMP = 8818.76
INV = 8815.27

STRUCTURE
BROKEN

THIS SIDE

PRINCIPLE VALVE STRUCTURE
36" CMP PROTUDES
TOP PIPE = 8839.20

INV MEASURED = 8815.70

MIDDLE PINEY
CAMPGROUND

SIGN

42" CMP
PRINCIPLE

TOP CMP
= 8818.17
INV = 8814.92

WILLOWSTICK PRELIMINARY INFERRED
CONCENTRATED SEEPAGE PATHS

B5

TP-A
TP-B

A

A'

B'

B

TP-1

TP-2

TP-3

TP-5

TP-4

UPSTREAM SEEPAGE AREA DOWNSTREAM SEEPAGE AREA

PROPOSED BORROW
EXPLORATION AREA

B6

Miller Geotechnical Consultants

NORTH

LEGEND

B1

SCALE IN FEET

0 100

SURFICIAL MATERIAL

FILL

DEBRIS FLOW FAN DEPOSIT - REDDISH BROWN SILT, SAND AND
GRAVEL DEPOSITED IN FAN AT BASE OF DEBRIS FLOW CHUTE

COLLUVIAL DEPOSIT - SOIL AND ROCK FRAGMENTS ACCUMULATED
IN GENTLE SWALES AND ALONG THE TOE OF SLOPES (MAPPED
WHERE ESTIMATED TO BE GREATER THAN 5 FEET)

ANCIENT LANDSLIDE DEBRIS - CHAOTIC MIXTURE OF SOIL AND
ROCK MATERIAL.  CHARACTERIZED BY BOULDERS TO GRAVEL SIZE
ROCK FRAGMENTS SET IN SILTY CLAY MATRIX

BEDROCK

PHOSPHORIA FORMATION (PERMIAN) - DARK BROWN TO BLACK
PHOSPHALTIC SHALE, WEAK, FRIABLE, CLOSELY FRACTURED.
GENERALLY COVERED BY SEVERAL FEET OF DARK COLORED
RESIDUAL AND CULLUVIAL SOIL

WELLS FORMATION (PERMIAN - PENNSYLVANIAN) - LIGHT GRAY,
VERY FINE-GRAINED QUARTZITE, CLOSELY FRACTURED, HARD,
MODERATELY STRONG, LOCALLY COVERED BY COARSE
COLLUVIAL SOIL

SYMBOLS

GEOLOGIC CONTACT (APPROXIMATE)

EXISTING CUT SLOPES

TEST PITS (2006)

BORINGS (2006)

TEST PITS (2012)

BORINGS (2012)

BOTTOM OF QUARTZITE BOULDERS

OBSERVED SEEPAGE AREA (STATES WEST, 2009)

F
Qdf

Qc

Qlso

Pp

PPw

B8

TP-A

TP-1

KraMJ0490
Text Box
Figure 5-8:  Geologic Site Plan and Exploration Locations



 

Nov/2015 5-13    
Y:\1-Technical\2822 WWDC\2822-01 Middle Piney\0000_Deliverables\Report Drafts\Middle Piney FINAL 
Report_11_11_15.docx 

 

 

A total of 406.5 feet of drilling in 6 borings was accomplished. Table 5-1 

summarizes the borehole and piezometer completion information. All six holes were 

completed as planned with no significant drilling problems. The materials 

encountered were logged by an engineering geologist as drilling progressed. The 

results of the drilling are presented on the field logs provided in Appendix B1. The 

field logs include a description of the materials based on field observations and field 

determinations. Photographs of the drilling samples are provided in Appendix B2. 

All of the drilling was accomplished using a rotary-sonic (vibratory) drilling 

technology referred to in this report as sonic drilling (see Photo 1, 2 in Appendix B2). 

The sonic drilling services were provided by MGC’s drilling subcontractor, Boart 

Longyear. Sonic drilling employs a dual-cased drilling system advanced by the use of 

high frequency mechanical vibrations to continuously sample overburden and 

bedrock formation materials. The primary advantage of the sonic system is its ability 

to drill and sample through cobbles, boulders, and sands without requiring the 

operator to abandon the borehole because of refusal or caving problems; or stop to 

drive casing through the unstable materials. Although this system allows for 

collection of a nearly continuous sample of the material encountered, the vibration 

also tends to disaggregate the overburden or fractured bedrock materials, such that 

the original texture of the material is typically highly disturbed. The resonate action 

of the drill head also tends to pulverize some hard bedrock materials (see Photo 38, 

Appendix B2) encountered. Because of the disaggregation or pulverization and 

destruction of the texture of the material, it can be difficult for the geologist logging 

the hole to determine if the material sampled represents intact bedrock or bedrock 

that has been disturbed or displaced by landslide movement. Due to these 

limitations, the overburden and bedrock characteristics presented on the field logs 

and discussed in this report are inferred, or approximated, and actual conditions may 

vary. 

All borings were drilled in existing disturbed areas (i.e. on dirt roads, graded parking 

areas, or on the existing dam embankment). Therefore, no new ground disturbance 

was required for the drilling. 

Falling head tests were planned to be conducted in selected open, uncased borehole 

intervals above the water table to provide some preliminary information on the 

relative permeability of the formation materials encountered. The tests were to be 

performed by removing the drill stem to expose the open borehole, filling (or 

attempting to fill) the borehole with water and then monitoring the drop in elevation 

of the water level with an electric water level meter in the open borehole over a 

short time interval (typically 5 minutes). The idea was to evaluate if the borehole 

interval could hold water or not as a relative guide to the seepage potential within 

specific drilled intervals. However, initial attempts to run falling head tests indicated 

that the uncased portion of the hole would partially or completely cave in after the 

casing was pulled back (approximately 10 feet) to expose the material. This meant 

that the caved portion of the hole would need to be re-drilled to advance the hole 

after each test. In addition, because of the caving, it was not certain what interval 



 

Nov/2015 5-14    
Y:\1-Technical\2822 WWDC\2822-01 Middle Piney\0000_Deliverables\Report Drafts\Middle Piney FINAL 
Report_11_11_15.docx 

 

 

the falling head test results would represent. For these reasons, it was not practical 

to conduct water tests in these borings. 

5.3.1.3 Piezometer Installation 

Five of the boreholes were completed as piezometers, and the remaining borehole (B-7) 

was abandoned by grouting using neat cement.  Figure 5-9 shows a diagram illustrating 

how the piezometers were installed.  The piezometers were constructed of 2-inch diameter 

Schedule 40 PVC casing with threaded couplings and factory slotted screen intervals. All of 

the piezometers were constructed with a sand pack that extended a minimum of 2 feet 

above the screen interval. The annular space above the sand pack was sealed using a 

minimum 2 feet of bentonite pellets that were hydrated after placement. Above the 

bentonite seal, the borehole annulus was sealed with neat cement. The solid casing for the 

piezometer was cut off a few inches below grade and is protected by a man hole type steel 

cover that was cemented to the ground to protect the piezometer (See Photo 46 to 48, 

Appendix B2). Water levels in the piezometers were recorded on September 10, 2012 with 

an electric water level meter. A summary of the piezometer completion intervals, and initial 

measured water levels recorded for these piezometers is provided in Table 5-1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



SLOUGH ZONE

BENTONITE SEAL

NEAT CEMENT GROUT

FILTER PACK

TO
TA

L 
D

E
P

TH

S
C

R
E

E
N

E
D

IN
TE

R
V

A
L

Miller Geotechnical Consultants

KraMJ0490
Text Box
Figure 5-9:  Piezometer Completion Diagram
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Table 5-1:  Drilling and Piezometer Completion Summary 

Boring 
Total 
Depth 

(ft) 

Piezometer Completion  
(feet below ground surface) 

Water Level 
5
 

(feet below) 

Notes 

Slotted Casing Sand Pack Bent. 
Seal 

Neat 
Cement 

Seal 

Top of 
Casing 
(TOC) 

TOC Ground 
Surface 

B-3 164.0 
26.0-36.0 23.5-36.0 20.5-

23.5 
0.0-20.0 0.45 19.47 19.92 Grouted borehole from 36-164 feet 

(and let set up overnight) prior to 
constructing piezometer 

B-4 51.0 
41.0-51.0 37.5-51.0 30.0-

37.5 

0.0-30.0 0.45 22.08 22.53  

B-5 46.0 
36.0-46.0 33.0-46.0 30.0-

33.0 
0.0-30.0 0.31 23.38 23.69  

B-6 56.0 
46.0-56.0 43.0-56.0 41.0-

43.0 
0.0-41.0 0.36 23.53 23.89  

B-7 43.5 
N/A N/A N/A 0-43.5 N/A N/A  W.L. at 23’ bgs in open hole prior to 

grouting (9/9/12) 

B-8 46.0 
36.0-46.0 34.0-46.0 32.0-

34.0 
0.0-32.0 0.45 18.39 18.84  

 

 

 

 

                                           
5
 September 10, 2012 
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5.3.1.4 Test Pitting and Laboratory Testing of Borrow Materials 

A potential borrow area was identified in the 2006 investigation, located northwest of the 

campground (Figure 5-8). The 2006 investigation included sampling and testing of 

materials for engineering index properties (gradation and plasticity) only. These data were 

augmented by additional sampling and testing in this supplemental investigation to evaluate 

shear strength, permeability, soil dispersivity and compaction characteristics of the borrow 

soils. These parameters will be needed for final geotechnical design of the dam. The 

additional sampling consisted of two test pits, TP-A and TP-B, that were excavated in the 

potential borrow area during the 2012 investigation.  The test pits were excavated using a 

trackhoe equipped with a 24-inch bucket. The test pits ranged from 6 to 10 feet deep and 

approximately 10 to 20 feet in length (see Photo 49, Appendix B2). After logging and 

sampling, the test pits were backfilled with the spoil material and then covered with the 

topsoil stockpiled during excavation. The locations of the test pits are shown on Figure 5-8. 

Test pit logs are presented in Table 5-2. 

Table 5-2:  Field Description of Material Excavated in Test Pits TP-A and TP-B 

Test Pit 
Depth 
(feet) 

Bulk 
Samples  
(5 gal. 
bucket) 

Bag 
Sample  

(moisture 
content) 

Field Description Material Type 

TP-A 

0.0-1.5   SILTY CLAY w/ Gravel, medium 
brown, stiff, w/ roots 

Top Soil 

15.-3.2 

1 1 SILTY CLAY w/ Gravel medium 
brown, contains approx. 20% 
gravel and cobbles up to 6" in 
length; cobbles >3" removed 

from sample 

Landslide or 
Colluvium 

3.2-6.0 
1 1 SILT / Sandy SILT w/ Gravel 

yellow brown, with approx. 40% 
gravel to 3" 

Landslide 

TP-B 

0.0-1.5 
  SILTY CLAY w/ Gravel, medium 

brown, stiff, w/ roots , 15% 
gravel 

Top Soil 

1.5-10.0 

2 1 SILTY CLAY w/ Gravel medium 
brown, contains approx. 40% 
gravel to boulder sized rock 
fragments up to 3' in length; 
rocks >3" removed from sample 

Landslide or 
Colluvium 

 

The ground surface around each of the boreholes and the test pits was smoothed by 

tracking over the area with the trackhoe (see Photo 50, Appendix B2); and then a U.S. 

Forest Service approved reclamation seed mixture was broadcasted over all areas that were 

disturbed by the drilling or text pit excavation activities sites. 

The laboratory test results are summarized on Table 5-3, and the complete results are 

attached as Appendix B3. 
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Table 5-3:  Laboratory Test Results (Combined 2006 and 2012 Investigations) 

Sample ID 
(Date) 

Sample 
Depth 

(ft) 

Soil Description Natural Moisture 
ASTM D2216 

Gradation of Soil Fraction
1
 

ASTM D422 

Estimated 

Oversize
2
 

Atterberg 
Limits 

ASTM D4318 

Standard 
Proctor 

ASTM D698 

Double 
Hydrometer 
ASTM D4221 

(% Dispersion) 

CU Triaxial Shear 3-pt 
Multistage  

ASTM D4767
3
 

Hydraulic 
Conductivity3 

 

(%) Fines 
(%) 

Sand 
(%) 

Gravel 
(%) 

(%) LL 
(%) 

PI (%) d(max) 
(pcf) 

wopt 
(%) 

 (°) a 

(psf) 

 

(°) 

c 

(psf) 

k 

(cm/s) 

TP-1 
(2006) 

1.5-7 
Dark brown silty GRAVEL 
with sand (GM) 

 15 28 57 15 – 20 NP NP         

7-12 
Light yellowish brown 
silty, clayey GRAVEL with 

sand (GC-GM) 
 23 20 57 30 - 40 22 4         

TP-2 

(2006) 

1-5 
Dark brown silty GRAVEL 

with sand (GM)
4
 

 21 32 47 15 - 30 NP NP         

5-10 

Light yellowish brown 

gravelly CLAY with sand 
(CL) 

 33 26 41 30 - 40 24 8         

TP-A 

(2012) 

1.5-3.2 
Med. brown silty GRAVEL 
(GM) with sand (Topsoil) 

5.7 31.1 29.8 39.1 20 35.5 9.9   2.1 (ND)4     6.50E-06 

3.2-6 

Yellowish brown silty, 
clayey GRAVEL with sand 

(GM-GC) 

8.4 27.2 17.3 55.5 0 19.9 6.4         

TP-B 
(2012) 

1.5-10 
Med. brown, silty GRAVEL 
with sand (GM) 

6.6 20.9 24.8 54.3 40 37.9 11.1 126 10.4 10 (ND) 32.7 92 39.9 120 2.1E-05 

 

 

 

 

 

 

 

 

 

 

 

                                           
1 Soil Fraction is defined as particles smaller than 3-inches. These percentages are based on total weight of fraction of materials that are finer than 3-inches. 

2 Oversize fraction is cobbles and boulders larger than 3-inches up to 2 to 3-feet in size. Amount was estimated by examination of exposures in road cut and test pit observations. 

3 Specimens were compacted to 98% d(max) near optimum moisture. 

4  ND = non-dispersive 

5 Note: the USCS classification for this sample was incorrectly reported as SM in the original (2009) report and has been corrected here. 
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5.3.1.5 Subsurface Geologic Interpretation 

 

1) Ancient Landslide Deposit 

The results of the drilling observations were used to construct two interpretive geologic 

cross-sections through the area. As shown on Figure 5-8, cross-section A-A’ (Figure 5-10) 

is drawn through the centerline of the existing dam; cross-section B-B’ (Figure 5-11) is a 

parallel section located approximately 100 feet downstream from cross-section A-A’. The 

landslide deposit is very difficult to drill and sample using conventional drilling techniques. 

The sonic drilling technique used for this supplemental exploration was successful in 

penetrating through and sampling the landslide deposit for visual logging. However, as 

described previously, the vibratory action disaggregated the unconsolidated materials, and 

pulverized hard bedrock. Because the samples were highly disturbed there is uncertainty 

regarding the thickness of the landslide deposit (depth to in-place bedrock) and in-situ 

characteristics of the landslide material. 

All of the borings, except B-7 which was drilled in the dam embankment, are interpreted to 

have encountered landslide debris. Boring B-3 was drilled to 164 feet in an attempt to 

identify the thickness of the slide debris. From 130 to 140 feet, the borehole encountered 

dark gray, sandy silt with angular rock fragments and relic sheared texture which suggests 

that this material is likely landslide debris. Samples from 140 to 164 feet consisted of 

completely disaggregated to pulverized light greenish gray quartzite. Although it is not 

possible to confirm with certainty, the homogeneity of this material and lack of silty or 

sandy clay matrix with rock fragments (typically observed in samples above this zone), 

suggest that these samples likely represent a weathered quartzite bedrock that was 

disaggregated and pulverized during the sonic drilling process. Based on these observations, 

it is inferred that the base of the landslide debris at boring B-3 is approximately 140 feet 

beneath the ground surface. 

Observations from all of the other borings (B-4, B-5, B-6 and B-8) and B-1 drilled in 2006, 

suggest these boreholes all were terminated in landslide material (i.e. did not penetrate 

bedrock). 

 

 

 

 

 

 

 

 

 

 



E
LE

V
A

TI
O

N
 (F

E
E

T)

E
LE

V
A

TI
O

N
 (F

E
E

T)

STATION ALONG SECTION (FEET)

INTERPRETIVE
CROSS SECTION A-A'

8620

8640

8660

8680

8700

8720

8740

8760

8780

8800

8820

8840

8860

8880

8900

8620

8640

8660

8680

8700

8720

8740

8760

8780

8800

8820

8840

8860

8880

8900
6+50

-0+50 0+00 0+50 1+00 1+50 2+00 2+50 3+00 3+50 4+00 4+50 5+00 5+50 6+00 6+50

B-7 B-3B-8 (38' SW) B-5 (23' NE)

? ? ?

? ? ?

? ? ?

? ? ?

?

?

?

?

?

?

?

?
? ? ? ? ? ? ? ?

GROUND SURFACE

QUARTZITE BOULDERS

LANDSLIDE
DEBRIS

BEDROCK

BEDROCK

FILL

?

Reddish brown to brown and gray silty clay and sandy clay with gravel to cobble sized
angular rock fragments.  Permeability suspected to be low to moderate due to the fine
grained matrix.  (Landslide and colluvial material).

Light gray coarse rubble zone consisting of boulders of very hard quartzite, clasts supported.
Permeability suspected to be very high because of the coarseness of the material and lack of
fine-grained matrix material.  (Landslide debris likely formed by rock avalanche).

Medium to dark gray mixtures of broken rock with silty sand matrix material.  Permeability
suspected to be moderate to high.  (Landslide debris?).

Light yellowish orange sand, fine-grained, dense with up to 15% gravel. Permeability
suspected to be moderate.  (Alluvial sand).

Light greenish gray quartzite.  Permeability suspected to be low to moderate depending on
fracture characteristics.  (Bedrock?).

Boulder dominated zone.

Inferred contact, queried where additional uncertainty exist.

EXPLANATION

?

?

Miller Geotechnical Consultants

HORIZONTAL

V
E

R
TI

C
A

L

IN FEET
SCALE

0'

0'

50'

50'

KraMJ0490
Text Box
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2) Quartzite Boulder Stratum 

A distinct stratum consisting of hard quartzite boulders was encountered in all of the borings 

drilled within the landslide debris. The stratigraphic position of the boulder layer is depicted 

on Geologic Cross Sections A-A’ and B-B’, as shown in Figures 5-10 and 5-11, 

respectively. The bottom elevation of this zone is contoured as shown on the plan view, 

Figure 5-8. The contoured base of the boulder zone indicates that the stratum dips gently 

towards the west and towards the reservoir. As shown on the cross-sections (Figures 5-10 

and 5-11), the thickness of the zone ranges from 5.5 to 14 feet thick and it appears to 

thicken towards the southwest (i.e., nearer to the reservoir). The size, hardness, and 

angularity of the boulder stratum and gentle westerly dip suggest that this deposit was 

likely emplaced by rock avalanche type failure generated from the steep mountain slope 

located east of the site. The photos shown as Figure 5-12 illustrate the character of the 

materials in this quartzite boulder zone. 

 

Figure 5-12:  Photos of Quartzite Boulder Zone 

(a)  As Sampled From Sonic Drill Core   (b)  Close-Up of Quartzite Boulders 

 

3) Existing Dam Embankment Material and Foundation Conditions 

Boring B-7 was drilled through the dam embankment to explore the embankment fill and 

the bedrock conditions immediately beneath the dam. The boring encountered 34.5 ft of 

variable fill overlying light gray, fine-grained fractured quartzite. Of particular note is a 

relatively permeable zone of silty gravel between 15.5 to 17.0 feet bgs; and dark gray to 

black sandy clay with gravel situated at the base of the fill (30.0 to 34.5 feet bgs). The 

black coloration of the clay suggests that the basal zone of the fill contains a relatively high 

organic content. The black silty clay observed near the contact was soft and is probably a 

result of not stripping the vegetation and topsoil before commencing construction of the 

existing dam embankment. 
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5.3.1.6 Right (South) Abutment Seepage Conditions and Primary Seepage Cutoff 

Targets 

 

1) Likely Seepage Pathways from Geology and Historic Reservoir Behavior 

The characteristics of the boulder stratum (i.e. coarse rubble with limited fine-grained 

matrix material) that was described above suggest that this zone is highly permeable and a 

primary potential seepage pathway. The base of this zone (indicated on Figures 5-8, 10, 

and 11) is located at depths ranging from 15 to 37 feet below ground surface depending on 

location. On Section A-A’ (Figure 5-10), which is closest to the reservoir rim, the zone is 

thicker and deeper, with the bottom elevations ranging from approximately 8,800 to 8,810. 

On down-gradient Section B-B’ the zone is thinner and shallower, with bottom elevations 

ranging from approximately 8,812 to 8,823. 

Another material that occurs at various elevations within the landslide deposit (indicated by 

green hatch as “Medium to dark grey mixtures…” in the legends on Figures 5-10 and 11) 

consists of clast-supported mixtures of rock fragments with a silty sand matrix. Permeability 

within these zones is inferred to likely range from moderate to high but presumed to be less 

permeable than the boulder stratum described above. 

The other materials within the slide mass typically contain abundant fine-grain materials 

suggesting that they likely have a low to moderate permeability compared to the units 

described above. 

As previously stated, it has been observed (States West, 2009) that seepage ceases once 

the reservoir pool level drops below the elevation of the dam outlet pipe (approximately 

elevation 8,815). In other words, no seepage is observed and the reservoir level is 

sustained with little to no inflow.  At higher reservoir pool levels, substantial seepage is 

observed exiting at the downstream toe of the dam and along the right (south) side of the 

channel downstream from the dam. These fast-flowing seeps indicate the presence of a 

relatively high elevation seepage pathway (or pathways) within the slide mass, consistent 

with the observed quartzite boulder zone. The boulder zone is clearly the primary “bad 

actor” and most obvious target for shallow-depth seepage cutoff in the landslide deposits. 

The presence of potential deeper, concentrated seepage pathways and pervious zones must 

also be recognized. However, the piezometer behavior described below appears to support 

an interpretation of less risk of excessive seepage losses via deep vertical (downward) 

pathways through the slide mass. 

2) Interpretation of Piezometer Readings 

As reported, five standpipe piezometers were installed in landslide borings B-3 through B-6 

and B-8. The piezometer/boring locations were chosen to obtain additional data and 

information in the specific areas indicated as primary potential seepage pathways based on 

the Willowstick geophysical surveys. 
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The Wyoming Water Development Commission (WWDC) installed pressure transducers in 

the standpipes in October 2012. Readings were downloaded by WWDC staff on January 4, 

2013 and again on July 1, 2013, and August 27, 2014. The data were reduced by WWDC 

following the July 2013 and August 2014 downloads. These readings captured the rise, peak 

and fall of the reservoir over the 2013 spring runoff period. Another instrument was 

installed to monitor reservoir water levels, but that instrument was lost during USFS clean-

up operations of a large snow avalanche that occurred in the winter 2012-2013 on the 

southeastern shoreline of the reservoir.  The avalanche brought down many trees which 

ended up as floating debris in the reservoir upstream from the dam. 

Figure 5-13 is a graph of the piezometer readings over a time period from October 2012 to 

August 2014. This graph is corrected to adjust for a sudden anomalous shift in readings that 

was observed on the January 4, 2013 reading date. The readings in three piezometers, B-3, 

B-5 and B-8 shifted suddenly on the date of the first download reading (January 4, 2013). 

B-3 dropped by about 5 inches which was the most pronounced shift. The WWDC Engineer 

(Jason Mead) reported that he was confident the data shift could be attributed to a shift in 

the position of the cable and the well cap compared to where it had been positioned before 

that day. The data plotted on Figure 5-13 represent an adjustment of the B-3 data after 

January 4, 2013 by an amount of 0.426 feet, to match the reading immediately prior to the 

shift. With that shift correction, all five piezometers measured nearly the same elevation of 

8,818.3 on July 1, 2013, which was also very near (slightly below) the estimated reservoir 

pool elevation of 8,818.5 recorded by on-site personnel on that date. 

During the spring runoff in 2013, the reservoir level rose rapidly over about one month 

starting in mid-May peaking by mid-June, then dropping rapidly with the release of storage 

water through the dam outlet works. The spring 2013 runoff was modest, with the reservoir 

pool rising only to a level of approximately 8,819 feet, which is approximately 4 feet above 

the outlet works invert elevation.  The 2014 runoff was heavier, and the peak occurred later 

(early July). During both years, all five piezometers responded in unison to reservoir level 

changes.  

It is believed that all five of the installed piezometers closely tracked the reservoir pool 

elevation over the course of the monitoring period (October 2012 through August 2014). 

This cannot be confirmed because the reservoir level instrument was lost, but there were a 

few spot readings on the reservoir pool over the period of monitoring that support that 

assumption, as shown on Figure 5-13. Based on the piezometer readings, there does not 

appear to be any significant head loss through the slide mass proceeding down-gradient 

from the reservoir pool, at least to the limit of the furthest down-gradient piezometers B-6 

and B-4. MGC interprets this behavior to indicate two things: 

1. The presence of a highly conductive zone (or zones) in the instrumented area that is 

in direct hydraulic connection to the reservoir, and 

2. The presence of partial lateral confinement of the highly conductive zone (or zones) 

which must be blocked off (vertically) down-gradient from the boring locations within 
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the slide mass in order to create the observed ponding effect that is indicated by the 

piezometer readings. 

These inferred subsurface conditions - highly conductive zone in direct hydraulic connection 

to the reservoir and partially bounded down-gradient - result in a subsurface “ponding” or 

“bath tub” effect in the vicinity of the instrumented area. This inferred subsurface “bath tub” 

effect is believed to be consistent with the Willowstick survey findings. Willowstick showed a 

saturated area adjacent to the reservoir rim about 350 to 400 feet right of the outlet, in the 

proximity of what they characterized as a seepage “entry zone”. This saturated zone 

inferred from the geophysics is generally in the vicinity of the piezometers and is shown by 

a fat yellow arrow and dark green shading on Figure 5-5. MGC believes that when 

groundwater levels within this subsurface “bath tub” rise, the highly conductive quartzite 

boulder layer becomes surcharged and water rapidly drains out through this zone, exiting 

where the boulder layer is “daylighted” on the right bank of the channel downstream from 

the dam. There are two areas that have been mapped as “Observed Seepage Areas” (States 

West, 2009), as shown on Figure 5-8. These seepage areas are situated near the projected 

elevations of the boulder layer along the channel. 

If there is a localized downward seepage gradient along a main preferential deep flow path 

leading away from the instrumented “bath tub” area, as was suggested by the Willowstick 

interpretation (Appendix A and Section 5.3.1.1), it is not evident in the piezometer data. 

Instead the piezometers register groundwater levels that are stable and nearly equal to the 

reservoir pool elevation. There is no indication of head loss or drop in piezometric pressures 

in the down-gradient direction that would be expected if strong downward drainage from 

the area was occurring. Also, the fact that the reservoir holds water up to elevation 8,815 

also supports the interpretation that vertical downward seepage rates through the slide 

mass are relatively low compared to the high rates of lateral, higher-elevation seepage that 

is entering and exiting through the quartzite boulder zone. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Nov/2015 5-26    
Y:\1-Technical\2822 WWDC\2822-01 Middle Piney\0000_Deliverables\Report Drafts\Middle Piney FINAL 
Report_11_11_15.docx 

 

 

Figure 5-13:  Piezometric Data 

 

 

5.4 SEEPAGE CUTOFF OPTIONS 

 

Three seepage cutoff options have been developed at a preliminary level of design: 

 Option A – Cutoff Trench 

o Option A1 – Cutoff Trench with Single-line Grout Curtain 

 Option B – Triple-line Grout Curtain Cutoff 

The following sections describe these cutoff options and basis for preliminary cost estimates 

for construction. 

5.4.1 Option A—Cutoff Trench and A1 Cutoff Trench With Single-Line Grout 

Curtain 
 

5.4.1.1 Design Considerations 

 

Option A would involve excavation and backfilling of a large trench to cut off the Primary 

Seepage Target (quartzite boulder layer). The cutoff trench would be excavated along an 
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alignment downstream from the existing dam, as shown on Figure 5-14 This cutoff trench 

alignment was chosen to follow the inferred base of the boulder layer while maintaining the 

bottom elevation of the trench everywhere at or above elevation 8815 (the approximate 

elevation of the outlet works invert). Keeping the bottom of the trench at or above this level 

will allow construction of the trench without needing to dewater the reservoir below that 

elevation. In addition to the main trench excavation and backfill, Option A design elements 

include: 

1. A low-permeability geosynthetic clay liner (GCL) installed on the up-gradient side of 

the trench, 

2. Installation of seepage collection systems using an engineered “Control Section” on 

the down-gradient end of the cutoff (at the location of the existing road 

embankment), and 

3. Backfilling of the channel from the dam down to the Control Section. 

The cutoff trench and down-gradient seepage collection systems at the Control Section are 

dam safety measures intended to both (a) reduce (cut off) the total velocity and amount of 

seepage around and adjacent to the dam, and (b) control the seepage exit faces with filter-

protected drainage zones that allow seepage and pore pressures to discharge and dissipate 

safely. The filters are designed to prevent initiation of piping and internal erosion of fine-

grained materials from either the embankment fill or the native foundation soils at the 

abutment contact.  Furthermore, the rock toe drain and drainage pipes within the trench 

and control sections will be designed with sufficient hydraulic capacity to safely convey 

predicted underflows or end-around groundwater flows that bypass the cutoff. 

The channel backfill between the existing dam and the “Control Section” is necessary to 

block the existing exits for seepage emerging from the boulder zone upstream from the 

cutoff trench and Control Section alignment. With this Option A, the outlet pipe would need 

to be extended to discharge below the toe of the Control Section.  An additional benefit of 

the outlet pipe extension and backfill of the existing channel as described, is that the outlet 

pipe discharge would be protected from blockage by debris in the avalanche chute area, as 

occurred in the Spring of 2014 (see discussion in Section 5.2.2, and Figures 5-3 (a) and 

(b)).  

Option A1 is a sub-alternative, which would install a 30-feet deep, single-line grout curtain 

from the bottom of the Option A cutoff trench. Seepage analyses presented in Appendix C 

indicate that inclusion of this additional measure would be beneficial in reducing the 

seepage rates. Inclusion of this additional grouting also would reduce risk of under-seepage 

through secondary seepage pathways below the base of the trench that could “short-circuit” 

the cutoff. 
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5.4.1.2 Option A--Layout 

The proposed layout of Option A is depicted in Figure 5-14 (Plan), Figure 5-15 (Sections) 

and Figure-16 (Details). The following bullets summarize the layout/design features: 

 Cutoff Trench Excavation and Backfill: As shown on Figure 5-14, the trench 

bottom elevation is 8,815, and it has a minimum bottom width of 40 feet on the east 

end. Based on the inferred bottom elevation contours of the Primary Seepage Target 

(boulder zone) as shown on Figure 5-14, the bottom of the cutoff will be below the 

base of the boulder layer. The trench would be excavated using conventional 

earthmoving equipment. Trench spoil would be salvaged and re-used as trench and 

channel backfill (Zone 6), and the boulders would be stockpiled separately for use as 

riprap and Zone 4 rock toe. 

 Geosynthetic Clay Liner (GCL): Seepage analyses presented in Appendix C 

indicate that use of a GCL to line the upstream slope of the cutoff trench would be 

effective in reducing seepage rates through the cutoff, and is therefore 

recommended. The GCL would be placed on the slope prior to backfilling the trench. 

The extent of the GCL in plan is shown by a hatch pattern on Figure 5-14. The GCL 

would overlap the vertical single-line grout curtain (if used) as shown on Figure 5-

15, Section A-A’ and Figure 5-16, Section C-C’. A detail to physically connect the 

GCL and vertical grout curtain would need to be developed as part of final design. 

 Trench Drain: A trench drain and 18” slotted drain pipe would be installed along a 

portion of the downstream edge of the trench to collect and convey any 

under-seepage or end-around seepage entering the trench. The trench drain would 

be installed on a 0.5% slope and transition through the Control Section as shown on 

Figure 5-14 to discharge in the channel below. A cleanout to surface would be 

provided at the upgradient end of the pipe. The location of the drain in the trench is 

shown on Figure 5-15, Section B-B’, and details of the trench drain are provided on 

Figure 5-16. The drain capacity is sized based on seepage modeling as described in 

Appendix C. 

 Control Section: The Control Section is a specially zoned embankment section that 

is intended to provide an engineered filter-drain exit for any seepage that emerges 

along the down-gradient end of the cutoff trench. The location of the Control Section 

is shown in plan on Figure 5-14, as Section B-B’, which is a section through the 

vertical sand chimney filter zone of the Control Section. Figure 5-15, Section A-A’ is 

a profile along the invert of the auxiliary spillway that transitions through the 

maximum section of the Control Section. The Control Section comprises the following 

zones: an upstream wedge of Zone 1, compacted clayey gravel (GC) derived from 

borrow or from trench spoils, screened to remove cobbles larger than 6 inches; Zone 

2A sand filter and Zone 2B gravel drain rock would be specification graded and 

quality, clean sand and gravel materials imported from off-site processed sources; 

Zone 3 silty gravelly sand or silty sandy gravel in the zone downstream from the 
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chimney filter that would be derived from on-site sources, and Zone 4 rock toe would 

likely be clean cobbles and boulders derived from the quartzite boulder zone or 

screened from on-site borrow materials. Preliminary gradation band specifications for 

these Zones were developed and are provided in the Level II report (States West, 

2009). 

 Channel Backfill: The Option A design includes a recommendation for backfilling of 

the existing channel downstream from the dam. The extent of backfill is illustrated 

on Figure 5-14 and Figure 5-16, Section C-C’. The channel would be backfilled 

using Zone 6 random fill up to an elevation of approximately 8,840. The purpose of 

this backfill is to block seepage exits from the boulder zone, which are currently 

exposed in the channel immediately downstream from the existing dam, and 

lengthen the seepage path from the reservoir to the Control Section. If this area is 

not backfilled, it will fill and drain with reservoir level fluctuation and present a 

maintenance issue due to softening and destabilization of the side slopes of the 

channel in that area. This design feature requires extending the outlet pipe to 

discharge below the Control Section. With this layout, the outlet pipe is buried and 

protected in the active avalanche area that occurred in spring 2014 (see Figure 5-3 

(a) and (b)). Without this feature, the pipe would be subject to blockage by 

avalanche debris, which poses a dam safety risk. 

5.4.2 Option A1—Cutoff Trench with Single-Line Grout Curtain 
 

Seepage analyses presented in Appendix C indicate that under ideal assumed conditions 

within the landslide deposits, cutoff of the Primary Seepage Target (quartzite boulder zone) 

should adequately control seepage from Middle Piney Reservoir. However, as described in 

Section IV.F other zones and layers within the slide debris appear to be potentially pervious 

and, while not as obviously problematic as the boulder zone, these other zones are 

recognized as potential secondary seepage pathways. There is a risk that by only providing 

positive cutoff to the depth of the base of the boulder zone, higher flow velocities and 

gradients may develop within these secondary seepage pathways, especially under 

sustained maximum operating reservoir pool levels. There is a risk of short-circuiting across 

the base of the cutoff trench in some areas, with flow paths starting from the upstream 

boulders zone, connecting downward through to secondary pathways, and then back up to 

the boulder zone on the down-gradient side of the trench. The trench width was increased 

to 40 feet minimum to reduce this risk of short-circuiting. 

However, more protection against this condition developing could be provided by installing a 

deeper vertical cutoff using a single-line grout curtain, injected from the base of the cutoff 

trench. MGC subcontracted with Gannett Fleming, Inc., specialists in dam foundation 

grouting, to evaluate the feasibility of grouting the landslide debris. Once they determined 

that it was feasible, Gannett Fleming was asked to provide preliminary recommendations 

and cost estimates for a grout curtain from the base of the cutoff trench to reduce risk of 

excessive seepage losses from potential secondary seepage zones below the boulder layer. 
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Appendix D1 contains a technical memorandum provided by Gannett Fleming for the 

Single-Line Grout Curtain alternative. On the basis of their independent interpretation of the 

geologic boring logs and other information provided by MGC, Gannett Fleming prepared a 

preliminary design and cost estimate for a single line grout curtain construction from the 

base of the cutoff trench. Key design and construction recommendations from Gannett 

Fleming for the grout curtain are summarized as follows: 

1. The cutoff trench excavation would remove the “Primary Seepage Target” (quartzite 

boulder layer) and no specific secondary substratum was targeted. Instead, it was 

agreed that for purposes of design and cost estimating the single-line grout curtain 

would extend 30 feet below the bottom of the trench. 

2. Based on geologic descriptions of the landslide materials within the zones to be 

grouted below the depth of the cutoff trench, Gannett Fleming recommends use of 

tube á machete (TAM) grouting method, which is a traditional method for soil 

grouting. This construction method is described in more detail in Appendix D1. 

3. High-mobility, balanced-stable cementitious grout materials are recommended. 

Formulation of these grout mixes is considered standard in the industry and does not 

significantly add to the cost of performing the work. It is not believed, based on the 

nature of the subsurface materials, that more costly chemical grout materials would 

be required at this site. 

4. Specific grouting procedures and sequence of grouting are outlined in the Technical 

Memo (Appendix D1). A single-line grout curtain, starting on 20-foot centers is 

recommended. Subsequent grouting through tertiary series (5-foot centers) was 

assumed. 

5. It is recommended that a firm working surface be constructed at the bottom of the 

trench to ensure safe working conditions during grouting. A possible configuration for 

a working surface is shown by a sketch in the memo (Appendix D1). 

6. The completed single-line grout curtain, constructed as recommended by Gannett 

Fleming, on the alignment initially proposed (Figure 3, Appendix D1) would require 

total drilling footage of 6,360 feet. Applying a unit cost similar to the unit cost that 

was developed for the triple-line grout curtain, which is described in Appendix D2 

and Section 5.4.2.1 below of $313/lineal foot of drilling, the resulting total cost 

would be approximately $2 million. This cost does not include costs to construct the 

working platform and handling of surface water runoff in the trench. Gannett 

Fleming noted that more typical unit costs for grouting are on the order of $150 to 

$250 per lineal foot. In a competitive bidding situation, these unit costs may be 

more appropriate. 

5.4.2.1 Option A and A1 Cost Estimate 

The estimated costs for construction of Option A and the alternate Option A1 are 

summarized on Table 5-4. 
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Table 5-4:  Cost Estimates for Options A and A1 

Item Description Unit 
Estimated 
Quantity 

Unit Price Item Price 

1 Mobilization LS 1 $100,000.00 $   100,000 

2 

Prep Work, 
including 
stripping and 
grubbing 

LS 1 $  50,000.00 $     50,000 

3 
Cutoff Trench 
Excavation 

CY 65,000 $           5.00 $   325,000 

4 

Zone 1 - Clayey 

Gravel On-site 
Screened to 
Remove 6"+ 

CY 4,000 $           4.00 $     16,000 

5 

Zone 
2A/2B - Granular 
Filter/Drain 

(imported) 

CY 2,000 $         45.00 $     90,000 

6 
Zone 3 - Select 
on-site borrow 

CY 4,000 $           4.00 $     16,000 

7 
Zone 4 - Rock 
Toe 

CY 800 $         10.00 $       8,000 

8 
Zone 6 - Random 
backfill and fill 

CY 58000 $           3.00 $   174,000 

9 GCL SF 42000 $           0.70 $     29,000 

10 Trench drain LF 310 $       100.00 $     31,000 

11 
Trench drain 

manhole/cleanout 
LS 1 $  25,000.00 $     25,000 

  Cost of Option A-Cutoff Construction (2014 dollars)     $  860,000  

 

Item Description Unit 
Estimated 
Quantity 

Unit Price Item Price 

12 
Single Line Grout 
Curtain (Option 
A1) 

LS 1 $2,000,000 $2,000,000 

  Cost of Option A1-Cutoff Construction (2014 dollars)    $2,860,000 
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Figure 5-14:  Cutoff Trench Through Quartzite Boulder Zone Plan
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Figure 5-15:  Option A-Cutoff Trench Through Quartzite Boulder Zone Sections
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Figure 5-16:  Cutoff Trench Through Quartzite Boulder Zone Section and Details
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5.4.3 Option B—Grout Curtain Cutoff 
 

5.4.3.1 Design Considerations 

Cutoff Option B would be a triple-line grout curtain through the quartzite boulder zone as 

the primary cutoff element. The grout curtain would be installed on an upstream alignment, 

in-line with the existing dam axis, and tying in at the right (south) abutment of the existing 

dam. The alignment as described below is shown on Figure 5-17. On the Option B grout 

curtain alignment (Figure 5-17), the Primary Seepage Target zone is below the level of the 

outlet works, and grouting would be done below the ambient groundwater level. 

MGC was informed that this grout curtain option may be considered in combination with a 

minimal earthwork dam rehabilitation option, possibly involving slip-lining to rehabilitate the 

outlet works in-place, with no other placement of fill. This option is not believed to be 

feasible, as explained in Section 5.5.1.3. Although installation of the grout curtain cutoff 

would require relatively minimal site grading and ground disturbance, other seepage 

protection measures which do require earthwork are necessary to ensure dam safety. At a 

minimum, the dam section should be removed and re-constructed with protective sand filter 

and high-capacity gravel and rock toe drain zones, similar to the concept shown as 

Alternative 1 in the 2009 Level II Study (States West, 2009). The purpose for presenting 

Option B, therefore, is to provide an alternative to trench construction for the boulder zone 

cutoff to minimize the required earthwork for the project. MGC cannot recommend use of 

the grout curtain alone without additional dam rehabilitation measures that incorporate 

protective filter and drain zones in the dam embankment, and possibly also along portions 

of the east side of the channel downstream where the boulder zone is exposed, to protect 

against risk of short-circuiting and internal erosion under and around the grout curtain 

cutoff. This is discussed further under Section 5.5.1.3. 

The grouting specialists at Gannett Fleming were tasked to provide preliminary 

recommendations and cost estimates for a grout curtain to cut off the primary target 

(quartzite boulder zone). They also were asked to comment on the need for additional 

grouting of potential secondary seepage zones below the boulder layer. On the basis of their 

independent interpretation of the geologic boring logs and other information provided by 

MGC, Gannett Fleming prepared a proposed alignment and design for the boulder zone 

grout curtain. Their assessment and recommendations are presented in a Technical 

Memorandum dated November 25, 2013, which is attached as Appendix D2 to this report. 

Key design and construction recommendations from Gannett Fleming for the grout curtain 

are summarized as follows: 

1. Align the cutoff with the existing dam crest and as far upstream as possible at an 

elevation sufficiently high to prevent seepage breakout over the top of the grout 

curtain. The alignment proposed is shown on Figure 3 of the Gannett Fleming 

Technical Memo (Appendix D2). The alignment shown in Appendix D2 was chosen in 

part due to favorable grades that would require minimal site grading for equipment 

access and site preparation for grouting. 
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2. The “Primary Seepage Target” (quartzite boulder layer) can be treated by grouting, 

but multiple lines of grout on close centers will be required to prevent “windows” in 

the grout curtain. 

3. For the depths required to treat the “Primary Seepage Target”, Gannett Fleming 

recommends use of the end-of-casing method of grouting as the most economical. 

This construction method is described in more detail in Appendix D2. 

4. High-mobility, balanced-stable cementitious grout materials are recommended. 

Formulation of these grout mixes is considered standard in the industry and does not 

significantly add to the cost of performing the work. Gannett Fleming provides 

recommendations for four mixtures of varying viscosity and thickness for the Middle 

Piney project. 

5. Specific grouting procedures and sequence of grouting are outlined in the Technical 

Memo (Appendix D2). A three-line grout curtain is recommended. 

6. The completed “Primary Target” grout curtain on the alignment initially proposed by 

Gannett Fleming (Figure 3, Appendix D2) would be approximately 550 feet long and 

have an effective width of approximately 20 feet. The estimated grout volume for the 

proposed grout curtain limits is approximately 48,000 ft3. 

7. Gannett Fleming did not recommend grouting of the “Secondary Target”, which is 

significantly deeper than the quartzite boulder layer. They agreed with MGC (see 

discussion in 5.3.1.4) that, other than the preliminary interpretation by Willowstick, 

there was no compelling evidence that the Secondary Seepage Target is a major 

contributor to the seepage that is observed at Middle Piney Dam. 

5.4.3.2 Option B Layout 

Cutoff Option B is presented on Figures 5-17 and 5-18.   The recommended alignment 

shown on Figure 5-17 is different from the alignment proposed by Gannet Flemming as 

follows: 

 

 The west end of the grout curtain would be started further west, beneath the 

existing dam, and just right of the existing outlet pipe. This will ensure cutoff of 

the boulder zone immediately adjacent to the dam fill. The boulder zone would be 

grouted through the dam fill starting at Sta 1+00 on Section D-D’ (Figure 5-18), 

which coincides with approximately Sta 0+65 on the originally proposed 

alignment (Appendix D2, Figure 4 – Grouting Profile). 

 

 The new alignment would bend further northward at the spillway entrance as 

shown on the plan view (Figure 5-17). The purpose for re-aligning the east end 

of the curtain as shown is to take advantage of the thinning and rising profile of 

the boulder zone as shown on Section D-D’ (Figure 5-18) to reduce the risk of 

end-around seepage on the east end. The “Primary Target” grout curtain on the 
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new alignment would be approximately 500 feet long. Option B revised alignment 

also would include an option for extending the grout curtain up to approximately 

200 feet further northeast, as indicated on Figures 5-17 and 18, if deemed 

necessary to prevent significant end-around seepage based on additional 

subsurface investigations to define the lateral extent of the zone VII.B. 

All other aspects of the design of the grout curtain alignment as recommended by Gannett 

Fleming and presented in Appendix D2 are the same, including method of grouting, grout 

mix properties, and sequence and procedures for construction. 

5.4.3.3 Option B Cost Estimate 

The estimated rough cost for construction of the cutoff Option B based on the original 

alignment proposed by Gannett Fleming (Appendix D2) was $3.8 million. This estimate was 

based on discussions with the grouting contractor Nicholson Construction, and review of 

costs for a very similar grout curtain project (Howard Hanson Dam in Washington state) 

that was constructed in 2009 by the U.S. Army Corps of Engineers 

(http://www.nws.usace.army.mil/Missions/CivilWorks/LocksandDams/HowardHansonDam/I

nformation.aspx). 

After discussing with MGC the rationale for revising the alignment as shown in Figures 5-

17 and 5-18, Gannett Fleming agreed that the new alignment would be preferable to 

reduce risk of end-around seepage. They recommended that the cost estimates could be 

reasonably adjusted based on a lineal foot per length of grout curtain unit cost basis. The 

unit cost based on the original estimate is approximately $313 per lineal foot of drilling 

($3.8 million/12,132 LF drilling = $313). On a different basis of cost per lineal foot of cutoff, 

the unit cost is estimated as follows: $3.8 million/550 LF total length of curtain = $6,900 

per lineal foot of a three-line grout curtain with holes on 5-foot centers to the depth at the 

base of the boulder zone. Based on this unit cost per lineal foot of cutoff, the estimated cost 

for the revised alignment shown on Figures 5-17 and 18 is approximately $3.5 million for 

the 500 ft long Primary Target alignment, and could range up to $4.8 million if the 200 ft 

extension is necessary. 

These costs do not include the other earthwork that MGC believes is necessary for the 

complete job, including re-construction of the dam section with filter and drain zones as 

shown by Alternative 1 in the 2009 Level II Study (States West, 2009). 
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Figure 5-17:  Option B-Grouting Layout
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5.5 COMPARISON OF OPTIONS AND RECOMMENDED CUTOFF DESIGN 
 

5.5.1 Option Ranking 
 

Table 5-5 summarizes a simple ranking comparison of the seepage cutoff options for 

Middle Piney Reservoir that were evaluated by this study. Evaluation ranking factors are 

listed in the first column of the table and are discussed in the following paragraphs. The 

options were ranked 1 through 3 from best to worst for each factor considered. Option A1 

has the best overall score based on an equal-weight comparison of the factors listed.  For 

purposes of this comparison, Option B is for the grout curtain cutoff alignment shown on 

Figures 5-17 and 18. 

Table 5-5:  Ranking of Options by Several Factors 

Factor 
Option A 

Cutoff Trench 

A1 

Cutoff 
Trench 

w/Single 
Line 

Grout 

Curtain  

 
 
 

Option B 

Triple-Line 
Grout 

Curtain 

Effective cutoff of primary 
seepage target 

1 1 1 

Partial cutoff of potential 
secondary seepage 
pathways  

2 1 3 

Reliability (risk of 

“short-circuiting” failure of 

cutoff system) 

2 1 3* 

Performance (reduction in 
reservoir seepage losses) 

2 1 3 

Constructability/permitting 
issues 

2 2 1 

Construction cost 1 2 3 

Total Score (lowest is 

best) 
10 8 14 

*This factor is considered a dam safety fatal flaw for Option B in the absence of other improvements to the dam 
embankment in addition to seepage cutoff – see Section 5-4.3. 

 

5.5.1.1 Effective Cutoff of Primary Seepage Target 

All three options are designed to effectively cut off seepage through the quartzite boulder 

layer, which is the primary seepage target, and dam safety risk element. An equal ranking 

of 1 was assigned to all three options for this factor. 

5.5.1.2 Partial Cutoff of Potential Secondary Seepage Pathways 

Option A is superior to Option B for this factor, because Option B does not treat potential 

secondary seepage pathways above the boulder layer. The cutoff trench would effectively 

cut off seepage from the ground surface down to the base of the boulder zone. Option A1 is 
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superior to both Option A and B with respect to this factor because only Option A1 provides 

any protection against seepage along secondary pathways that may be present within the 

landslide materials below the boulder zone. 

5.5.1.3 Reliability 

Option A. The risk of failure of the seepage cutoff by “short-circuiting” via new seepage 

pathways forming under and around the cutoff is one measure of its reliability. For Option A, 

there is some risk of short circuits developing along secondary seepage paths under and 

along the base of the cutoff trench which would be founded on landslide debris. Geologic 

logs indicate that pervious zones are present outside of the boulder layer, as discussed in 

Section 5.3.1.4. For the trench cutoff Option A as laid out on Figures 5-14 through 5-16, 

the potential short-circuit seepage paths under the trench are long (40 feet minimum) and 

potential exits are filter-protected where practicable. The shortest potential seepage paths 

are from the boulder zone on the upstream side of the trench to the filter-protected trench 

drain on the opposite side of the 40-feet wide trench. The downstream end of the cutoff also 

would be protected by the filters and drains at the “Control Section”. Risk of a large-scale 

and rapid release of the reservoir due to short-circuiting of the cutoff Option A is considered 

to be very low. Option A was ranked 2 for this factor. 

Option A1. Option A1 would offer the best protection against a “short-circuit” type of 

potential failure mode. The trench, 30-feet deep grout curtain in combination with the GCL 

lining on the upstream side of the trench would provide an effective vertical cutoff of 

potential short-circuit seepage pathways through, under and along the base of the trench. 

This option would be the most reliable of the 3 considered in this regard. Option A1 was 

ranked 1 for reliability. 

Option B. For Option B, it has been proposed that the existing dam be left in place and the 

outlet works slip-lined only. No other seepage control measures such as granular filters and 

drains would be installed on a reconstructed dam section. Reconstruction of the dam 

incorporating these features was originally recommended by MGC for the Level II study 

(States West, 2009). It is MGC’s opinion that there is a significant risk of poor performance 

of the grout curtain cutoff without these additional dam rehabilitation measures, and 

possibly a risk to the existing dam embankment itself. 

Seepage analysis summarized in Appendix C show that short circuiting under or over the 

grout curtain for Option B could occur anywhere along the cutoff due to the relatively 

narrow effective width of the curtain (20 feet), and its limited vertical dimension, which is 

equal only to the thickness of the boulder zone. There will be high gradients through the 

grout curtain and shorter seepage paths to exits along the downstream channel below the 

dam for Option B. These conditions make this option less reliable overall compared to the 

trench cutoff Option A. 

With regard to risk to the existing dam for a slip-lining option, MGC believes the existing 

dam embankment would be particularly vulnerable to potential failure modes involving 

short-circuiting of the grout curtain cutoff. At the right dam abutment, seepage flows will be 

concentrated under and around the end of the cutoff, following a short seepage path length 
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to exit in the downstream channel just below the right dam groin area. This area has been 

historically subject to high seepage flows and highly-conductive seepage pathways are likely 

well-developed there. This short potential seepage path under and along the left (west) end 

of the grout curtain cutoff, in combination with potentially high exit gradients in the channel 

below the dam, could lead to initiation of internal erosion and scour of fine-grained 

materials from the dam foundation and embankment at the right dam abutment, especially 

under the increased operating pool levels. 

The existing condition of the dam embankment and foundation also are of concern. As 

described in Section 5.3.1.3, the subsurface investigation boring B-7 through the dam 

embankment identified a relatively permeable zone of silty gravel between 15.5 to 17.0 feet 

below ground surface; and a zone of soft, organic, dark gray to black sandy clay with gravel 

situated at the base of the fill (30.0 to 34.5 feet below ground surface). These observations 

increase the uncertainty and risk associated with seepage and internal erosion in the 

existing dam embankment and at the foundation contact under increased operating pool 

conditions. Downstream filters and drain zones on a re-constructed section are needed to 

protect against internal erosion potential failure modes. 

Internal erosion at the dam section could progress to a breach of the embankment and 

rapid release of the reservoir. Due to the likelihood and consequences of this potential 

failure mode, MGC considers Option B cutoff to be impractical without also providing 

additional protective downstream filters and drains on the dam section and along the 

channel below, where the boulder zone is exposed. Option B was ranked last (3) among the 

options considered for this factor. And without other measures as described, the grout 

curtain Option B must be ruled out. 

5.5.1.4 Performance  

Reservoir seepage loss is one measure of performance of the cutoff options. The seepage 

analyses performed for this study were limited to 2 dimensional sections. Due to the 

complexity of the 3D seepage flow regime, and the uncertainties and variability of hydraulic 

characteristics of the landslide materials, it is not possible to accurately predict the total 

reservoir seepage losses that may occur for the various cutoffs. However, we can compare 

the relative performance of the cutoff options based on the 2D models. On this basis, Option 

A1 should provide the best performance, followed by Option A and Option B. The relative 

magnitudes of seepage on representative 2D sections for Option A and B are presented in 

Appendix C. 

5.5.1.5 Constructability/Permitting Issues 

All three options are considered constructible with conventional methods. It is recognized 

that the minimal earthwork Option B may be easier to permit than Option A or A1 due to 

the larger ground disturbance and placement of fill in the outlet channel that would be 

required for the trench cutoff designs. However, as discussed under Section 5.5.1.3, MGC 

does not believe that the grout curtain cutoff alone is a viable project option. It is our 

recommendation that Option B be considered only in combination with replacement of the 
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existing dam constructed with a new dam template that incorporates internal protective 

filters and drain zones.  

5.5.1.6 Construction Cost 

Option A ranks highest for this factor (i.e., lowest construction cost), followed by Option A1, 

and Option B. 

5.5.2 Recommended Cutoff Design 
 

Based on the comparative analysis and costs, MGC recommends the cutoff trench Option A1 

for seepage cutoff at Middle Piney Reservoir. This concept as designed would effectively cut 

off seepage through the quartzite boulder zone and should allow for storage and beneficial 

use of the reservoir pool above elevation 8,815. The seepage cutoff will not be perfect, and 

some reservoir losses to seepage will still occur through the slide mass below the cutoff. 

However, potential seepage pathways are long and filter protected exits and controls are 

provided that will greatly reduce risk of large-scale or sudden release of reservoir water due 

to localized failure or bypass of the cutoff system. 

Incorporating a single-line grout curtain (Option A1) with the cutoff trench reduces risk of 

short-circuiting of seepage beneath the cutoff trench. However, given the high estimated 

cost of $2 million for the added protection provided by grouting below the cutoff trench this 

element could be deferred and done later if construction funding is not available.  The 

alternative would be to construct Option A first in a phased approach with seepage 

monitoring after the trench cutoff is installed to determine if the cutoff alone is adequately 

effective. Grouting could be done later, through the installed cutoff trench, if deemed 

necessary to further reduce reservoir seepage losses. This phased approach would be 

somewhat more expensive than Option A1, due to the extra drilling that would be required, 

and the temporary earthwork that would be needed to cross the spillway on final grade.  As 

such, the preferred option would be to install the grout curtain from the start (Option A1).  

5.6 RECOMMENDATIONS FOR FINAL DESIGN 
 

5.6.1 Recommendations for Measures to Mitigate Avalanche Debris Risks 
 

Final design for dam safety improvements should consider measures to protect the outlet 

works and spillway channel from potential blockage by avalanche debris.  

 

5.6.2 Additional Exploration Along Cutoff Trench 
 

The 2012 exploration program identified the primary seepage path as the quartzite boulder 

zone shown on Figures 5-10 and 11. The cutoff alignments are designed to carry the 

cutoff towards the east to the extent that we have information on the elevation and dip of 

the zone. The zone appears to thin and rise towards the north and east of the area 

explored. Section D-D’ (Figure 5-18) shows this along the proposed cutoff alignment for 
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Option B. If the cutoff is truncated as shown on Options A, A1, or B, some east end-around 

seepage may occur through boulder zone. It may be feasible to completely cut off this zone 

by extending the cutoff a bit further, as indicated on Figure 5-18. To investigate this, MGC 

recommends drilling at least two additional borings, B-9 and B-10, as shown on Figure 5-

14. This additional investigation is not considered necessary prior to proceeding with final 

design and could be done concurrently, or as part of the construction contract. The 

additional information gained could improve the effectiveness of the primary seepage cutoff 

by a relatively short additional extension. 

5.6.3 Supplemental Geotechnical Analysis 
 

1. Once a final layout is established for the earthwork, slope stability analyses should 

be performed to document acceptable factors of safety for all loading conditions: (a) 

static, steady seepage at full and partial pool elevations (upstream and downstream 

slopes), (b) rapid drawdown from full and partial pools (upstream slope), (c) 

pseudo-static and (d) liquefaction potential and seismic deformation analysis 

(upstream and downstream slopes). The embankment slopes should be adjusted as 

necessary to achieve required minimum factors of safety. 

2. Geotechnical input will be required to evaluate loading conditions on the outlet pipe 

and to optimize the outlet pipe bedding or cradle design. Due to the anticipated long 

pipe length needed to extend the pipe, it will likely traverse varying foundation 

conditions and therefore a flexible pipe system is recommended. 

3. Instrumentation and a long-term monitoring program should be designed for the 

completed structure. Consideration should be given to installing permanent 

piezometers in the embankment and the right abutment, and slope inclinometers in 

the lower portion of the landslide to allow for monitoring of incipient movements 

adjacent to the dam. 
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6.0 Aquatic Resources Inventory 

6.1 INTRODUCTION AND BACKGROUND 

 

This section presents the results of an aquatic resource inventory conducted for the Middle 

Piney Dam rehabilitation project in Sublette County, Wyoming.  As stated in the Section 1 

Introduction, 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 (BTNF), 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. 

 

As previously reported, the condition of the dam has been investigated by engineering and 

geotechnical consultants on behalf of the WWDC, BTNF and Middle Piney Watershed 

Improvement District and it's been determined there are a number of safety issues that 

need to be addressed. 

 

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, above the reservoir or for 

approximately 1.5 miles below the dam, from January through mid-April (States West 

2009). Downstream from the reservoir, Middle Piney Creek flows into the Green River.  

 

6.2 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 approximate 8,840–foot elevation contour, which was staked in the field. This 

represents the approximate elevation of the original permitted capacity of 4,201 acre-feet. 

However, the normal high water line is at 8,836 feet, which results in a storage capacity of 

3,370 acre-feet.  
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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.     

 

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.   

 

6.3 RESULTS 

 

6.3.1 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 3,370 acre-feet, below the permitted capacity (States 

West 2009). 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. However, for a substantial 

portion of the life of the structure, the water levels have reached 8,835 – 8,836 feet 

(normal high water line), dependent on spring runoff. 

 

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 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 Figures 6-1 and 6-2). Willows line the 

banks of Middle Piney Creek in the project area.  Water does not flow in Middle Piney Creek, 

above the reservoir or for approximately 1.5 miles below the dam, from January through 

the middle of April (States West 2009).  
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Figure 6-1:  Middle Piney Creek Within the Project Area 

 

 

Figure 6-2:  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 (Figure 6-3). 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. (Figures 6-4 

and 6-5).  

 

Figure 6-3:  Pond in the Project Area 
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Figure 6-4:  Unnamed Channel in Project Area 

 

Figure 6-5:  Unnamed Channel in the Project Area 
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6.3.2 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. Figure 6-6, a Google Earth image, 

shows the slopes on both sides and on the downstream end of Middle Piney Reservoir. The 

area below the dam, from the outlet pipe to the access road, also does not have any 

wetlands (Figures 6-7 and 6-8). 

 

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 6-9). 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 6-1 summarizes information for each wetland.  Data forms and 

photographs are available in Appendix E. 
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Figure 6-6:  Slopes on Sides and Downstream End of Middle Piney Reservoir 

 

Figure 6-7:  Middle Piney Creek Immediately Below Outlet Works 
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Figure 6-8:  Middle Piney Creek Further Downstream From Outlet Works 
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Table 6-1:  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 

Total 
Palustrine 
Emergent 

 

  3.60 

L2EM 

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 Lacustrine 

Emergent 

0.82 

Total 
Lacustrine 
Emergent 

 

  0.82 

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  
T1-1 

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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During a substantial portion of the life of reservoir, the reservoir level has fluctuated up to 

approximately 20 feet; this can occur even with the outlet works open. This 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 that range from 8,815 to 8,836 feet in 

elevation. 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.  

 

 

6.4 SENSITIVE PLANT SURVEY 
 

6.4.1 Background  
 

A sensitive plant survey was also completed by WEST botanists in accordance with the 

“NFMA/NEPA Resource Worksheet for Small Projects” provided  by the Bid Piney Ranger 

District on September 4, 2014.  The survey was conducted within the approximate 8,840 ft 

elevation contour, which represents the approximate elevation of the original permitted 

capacity of the reservoir.  The list featured 19 species, of which 4 were determined to 

potentially occur within the project area.  These were black and purple sedge, Greenland 

primrose, seaside sedge, and pink agoseris.  

 

6.4.2 Methods 
 

The survey was conducted in all areas of the potential habitat for the 4 species within the 

8,840 elevation contour, which consists of the upper end of the reservoir.  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.   
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6.4.3 Results 
 

No occurrence of black and purple sedge, Greenland 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 occurance of pink agoseris was found in one of the 

openings in the willows.  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.  Furthermore, the habitat was appropriate for the species.  Approximately 

12-15 individual plants were noted that could be pink agoseris.  The potential location of the 

pink agoseris is shown in Figure 6-10.  This location corresponds to approximate elevation 

of 8832 ft.  The average modeled peak WSE for the reservoir is approximately 8829.5 ft.  

Thus the surveyed habitat would not be normally inundated by the reservoir.  The technical 

memorandum created for the sensitive plant survey is provided in full in Appendix F.   
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7.0 Preliminary Design 

7.1 DESIGN CRITERIA 

 

Based on the expert investigations conducted of the Middle Piney facility and apparent 

safety hazards present, the following recommendations are made: 

 

7.1.1 Seepage Cutoff 

 

The unacceptable volumes of seepage that occur through the dam should be cut-off.  As 

detailed in the previous sections, a number of alternatives are available to achieve this.  Our 

team recommends the implementation of the cut-off trench with a single line grout curtain 

described in Option A1 of the Seepage Cutoff Options section. 

 

7.1.2 Control Section 
 

As described in the Seepage Cutoff Options section, downstream filters and drain zones on a 

re-constructed section are needed to protect against internal erosion potential failure 

modes.  A trench drain and 18” slotted drain pipe would be installed along a portion of the 

downstream edge of the trench (constructed for seepage cutoff) to collect and convey any 

under-seepage or end-around seepage entering the trench. The Control Section would be a 

specially zoned embankment section that is intended to provide an engineered filter-drain 

exit for any seepage that emerges along the down-gradient end of the cutoff trench.  

Furthermore, it is recommended to backfill the outlet channel to block seepage exits from 

the boulder zone, which are currently exposed in the channel immediately downstream from 

the existing dam, resulting in a lengthened seepage path from the reservoir to the Control 

Section.  This will concurrently address the potential for avalanche material to enter this 

area and obstruct the reservoir outlet. 

 

7.1.3 Outlet Works 
 

The current outlet works pipe, a 42” CMP needs maintenance/replacement and poses a high 

risk to the facility.   In addition to suffering from differential settlement that may be 

shearing portions of the pipe, the CMP is highly corroded and likely seeping.  The outlet 

structure has also deteriorated, and the slide gate needs maintenance/replacement.   

 

In addition to standard considerations for long term durability and performance, it is 

recommended that the following criteria be considered during the outlet works design: 

 

 Positioning intake structure away from potential slide areas; 

o As evidenced by surficial slide and avalanche events that have occurred 

during the past two winter seasons, Middle Piney Reservoir is an active site 

prone to movement of debris that could clog outlet works intake structures.  

Design and positioning should address this problem. 
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 Capability to pass the natural hydrograph; 

o It is understood that the outlet works should be sized to pass the natural 

hydrograph for the upper Middle Piney drainage area in order to satisfy senior 

water rights downstream during times of regulation.  The design will satisfy 

this requirement. 

7.1.4 Flood Routing 
 

The current auxiliary spillway at Middle Piney Dam is undersized and susceptible to 

obstruction by slide debris.  The new facility should be capable of passing the PMF, as well 

as better positioned to avoid obstructions.  The preliminary design completed here 

addresses those needs, as the proposed spillway has been re-positioned and widened to 

pass the PMF.    

 

7.2 DESIGN RECOMMENDATIONS 

 

7.2.1 Seepage Cutoff/Control Section 
 

We recommend implementation of a cutoff trench with a single line grout curtain.  This 

option requires the use of a GCL liner and grout cut-off with zoned backfill and a 

downstream control section.  Excavation of the cutoff trench and processing of the material 

will generate a large quantity of quality rock, which will be used in the rock toe for drainage, 

or reclaimed for use as riprap.  Previously completed site investigations indicated that clay 

borrow areas are present on-site.  (States West Water Resources Corp., 2009) 

 

The top of embankment elevation is proposed to be 8,844.0 ft.  The clay core material 

should be maintained up to the normal high water elevation of 8,836.0 ft.  The seepage 

cutoff and control section are shown in Figure 7-4 through 7-6.  Gradation 

recommendations for material zones are provided in the general notes of the drawings.  

Detailed discussion of control section/cutoff recommendations can be found in Section 5.6.   

 

7.2.2 Outlet Works 
 

A 54” concrete encased high density polyethylene (HDPE) pipe is proposed for the outlet 

works.  This material is known for its strength and outstanding durability, which will 

alleviate any concerns of leakage issues in the future.  HDPE also features a smooth interior 

wall, with a low Manning’s friction factor (n=0.010 utilized).  A low friction factor was 

necessary as the outlet works was designed to pass the natural hydrograph with nominal 

levels of head in the reservoir. Investigation into the nearby LaBarge Creek gage10 yielded a 

                                           
10

 Gage data available at:  

http://waterdata.usgs.gov/wy/nwis/monthly?referred_module=sw&site_no=09208000&por_092080

00_1=802412,00060,1,1950-10,1981-10&format=html_table&date_format=YYYY-MM-
DD&rdb_compression=file&submitted_form=parameter_selection_list  

http://waterdata.usgs.gov/wy/nwis/monthly?referred_module=sw&site_no=09208000&por_09208000_1=802412,00060,1,1950-10,1981-10&format=html_table&date_format=YYYY-MM-DD&rdb_compression=file&submitted_form=parameter_selection_list
http://waterdata.usgs.gov/wy/nwis/monthly?referred_module=sw&site_no=09208000&por_09208000_1=802412,00060,1,1950-10,1981-10&format=html_table&date_format=YYYY-MM-DD&rdb_compression=file&submitted_form=parameter_selection_list
http://waterdata.usgs.gov/wy/nwis/monthly?referred_module=sw&site_no=09208000&por_09208000_1=802412,00060,1,1950-10,1981-10&format=html_table&date_format=YYYY-MM-DD&rdb_compression=file&submitted_form=parameter_selection_list


 

Nov/2015 7-3    
Y:\1-Technical\2822 WWDC\2822-01 Middle Piney\0000_Deliverables\Report Drafts\Middle Piney FINAL 
Report_11_11_15.docx 

 

 

122 cfs max flow over the period of record.  The proposed rehabilitated outlet works for 

Middle Piney will pass 120 cfs with only 3 ft of reservoir head.   

 

Outlet works hydraulics were developed assuming 54” DR-17 HDPE, and are presented in 

Figure 7-1: 

 

Figure 7-1:  Final Outlet Works Hydraulics 

 
 

54” DR-17 HDPE features an average internal diameter (ID) of 47.26” and a 126 psi 

pressure rating, which will be more than adequate for the 27 ft of working head present at 

the NHWL.11  The durable, solid wall pipe will also resist abrasion, scour, and corrosion, 

providing long term performance for the outlet works.  Its resistance to abrasion will be 

required near inlet stations where sand and sediment may enter the line.   

 

In addition to being smooth and durable, HDPE is flexible, which can allow settlement.  

Therefore concrete encasement is recommended to protect against differential settlement 

                                           
11

 ISCO Industries, LLC.  2009.  ISCO Pipe Catalog.  Available at:  http://www.isco-
pipe.com/resource-center/catalog/  
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along the alignment.  Encasement is also required to provide structural support to the pipe, 

which will have nearly 30 ft of overburden in the maximum sections of the alignment.  

Because the entire length of the alignment will be encased in reinforced concrete, a lower 

strength, thinner walled pipe might be utilized.  The benefits and risks of doing so will have 

to be evaluated during final design, as thin walled pipe may deform during installation, 

risking section loss for the pipe.   

 

A trapezoidal cross section has been called out for the pipe encasement.  This will promote 

compaction of the material against the encasement.  The concrete encasement wall 

thickness and base width were dimensioned based upon Bureau of Reclamation 

recommendations for cast-in-place conduits (US Dept. of Interior, 1977).  The 

recommended outlet works plan and profile is shown in Figure 7-7.  

 

The intake structure was designed to minimize head-losses by creating a large surface area 

to pass flows through the grate inlets.  It is a cubically shaped structure that features 3-8 ft 

x 8 ft trash rack openings through which flow can pass.  This will decrease flow velocities 

through the grates, which will in-turn help keep head-losses to a minimum.  This will 

provide the additional benefit of avoiding clogging of the intake.  The outlet works pipeline 

was enlarged near the intake to minimize head-losses and eliminate entrance control at the 

structure.  The enlarged section should reduce over a length of at least 8 ft, to ensure that 

entrance losses are kept to a minimum.   

 

The cube intake structure was positioned away from the left abutment of the dam, which is 

prone to avalanche, and adjacent to the more stable rock outcropping immediately south 

and east.  Positioning near this out-cropping should provide protection from the observed 

active slide area along the eastern shore line.  The structure will be placed on bedrock, or a 

slurry stabilized sub-grade, depending on the conditions encountered.  In either case a 

spread footing design is recommended.  This will provide protection from settlement, as was 

encountered with previously installed outlet works structures.  The current reservoir intake 

invert elevation of 8,815.27 ft shall be maintained.  Drawings of the intake structure are 

provided in Figure’s 7-13 and 7-14. 

 

The outlet works gatehouse structure was also designed to minimize head losses and for 

long-term stability.  The intakes and orifice were over-sized to minimize transition losses.  

The structure should be placed on solid bedrock or stabilized sub-grade with a spread 

footing designed to avoid settlement.   

 

The structure will feature an overflow weir which will set the reservoir normal high water 

elevation of 8836.0 ft.  The weir wall shall feature high and low flow orifice block-outs, 60” 

and 18”, respectively.  The 18” low-flow bypass should be used for smaller controlled 

releases, such as irrigation calls and any in-stream flows that operators would choose to 

maintain.  The 60” bypass would be the primary means of release through the outlet works, 

and would be capable of passing the natural hydrograph. This penetration was oversized to 

minimize head losses through the control weir. The structure exit was oversized further to 

72”.  The transition back to 54” nominal size should be over a length of no less than 12 ft, 
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to further minimize head losses.  Drawings of the control structure are provided in Figures 

7-9, 7-10 and 7-11.   

 

Each by-pass should feature heavy duty vertical sluice gates.  These gates should be 

pedestal type with circular openings and flat back flanges.  Due to their large size and 

weight, power operators are recommended.  Electric motor actuators will raise and lower 

the gates, powered by either a local propane generator or solar power source.  

 

A supervisory control and data acquisition system (SCADA) should be implemented for 

indication of reservoir surface elevation and flows.  To house the equipment, a simple cast 

in place concrete building is recommended.  The concrete structure will be low maintenance, 

durable, and strong enough to withstand a potential avalanche event.  An intrusion alarm 

connected to SCADA is recommended for the building door.  Access to the control building 

will be provided by a 20 ft wide ramp on the control section. Details for the proposed outlet 

works control structure building are shown in Figure 7-12.   

 

Either UHF/VHF radio or satellite link signals are available for SCADA telemetry.  A radio 

path study will have to be completed during the final design phase to evaluate the viability 

of the UHF or VHF signal.  A radio based system would require a central control center from 

which operators could monitor the facility.  To avoid unnecessary costs, the control center 

for any radio based SCADA system should be positioned as near the site as possible while 

maintaining accessibility. An advantage of a satellite link is that online systems are available 

that allow remote log-in and observation the chosen indicators.  Thus local operators, 

WWDC, USFS and SEO personnel could all potentially have access instantaneous reservoir 

data.  Final design recommendations will be formulated after completion of the radio path 

study, at which time estimated costs and benefits can be fully evaluated for either option. 

 

The entire outlet works alignment was designed to avoid slide debris as best as possible, by 

positioning the intake and outlet as far as reasonably possible from the highest risk slide 

areas.  The proposed pipeline shall discharge approximately 200 ft downstream of the 

proposed embankment.  This was done in order to avoid the nearby debris flow fan deposit 

mapped immediately downstream of the embankment on the north side of the channel.  

This location will place the outlet away from the debris flow and nearer the more competent 

wells formation mapped further downstream on the north side of the channel.  No outlet 

structure is proposed at this time.  Riprap with D50=24” placed at the pipe outlet will provide 

the necessary energy dissipation. Geologic considerations for the outlet works design are 

illustrated by Figure 7-2: 
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7.2.3 Auxiliary Spillway 
 

A 100 ft wide broad crested auxiliary spillway is proposed.  The width of the auxiliary 

spillway shall contract slightly to approximately 77 ft as it passes through the control 

section.  Grades shall range from 0% to 5.61%.  The auxiliary spillway crest is to be set at 

elevation of 8,838.0 ft.  A small berm consisting of gravel road base at the inlet of the 

auxiliary spillway will provide access to either side of the auxiliary spillway.  It will also 

serve to prevent use of the spillway during the maximum 100-yr event.  The berm will be 

set to approximately 8,838.5 ft and should be approximately 20 ft wide.  The berm will 

wash-out during any major event over 100-yr probability, thus maintaining the crest 

elevation of 8,838.0 ft.  

 

Set at elevation 8,838.0 ft, the spillway will only operate for events beyond the 100-yr 

return probability.  The outlet works was designed to pass not only the natural hydrograph, 

but the 100-yr storm event for the drainage, thus satisfying Wyoming State Engineer’s 

Safety of Dams requirements.  The auxiliary spillway was sized to pass the PMF assuming 

the event occurred on top of snow melt with the reservoir at its normal high water elevation 

of 8,836.0 ft.  As discussed in Section 3, the auxiliary spillway design is conservative in that 

it will pass all of the PMF flows with no flow contribution from the outlet works.    The rating 

curve for the auxiliary spillway is provided in Figure 7-3: 

 

Figure 7-3:  Auxiliary Spillway Hydraulics 
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The auxiliary spillway was designed to direct flows away from the access road and directly 

to Middle Piney Creek after passing over the dam.  Model results indicate that the access 

road will not be inundated by flows under approximately 1,000 cfs, allowing access to below 

the auxiliary spillway under these conditions. 

 

Model results predict sub-critical flows with low velocities across the spillway bench area 

until reaching critical depth across the crest.  Therefore only gravel road base is required 

until reaching the crest.  Riprap protection will be placed below gravel road base for all 

areas below the crest, which shall experience supercritical flows with high velocities.  Riprap 

sizing was completed per HEC-11 and NRCS12 methods, with the more conservative solution 

being adopted.  A D50 of 36” is recommended for spillway channel riprap per the HEC-11 

solution (Administration, 1989).  Channel side slopes and the outer shell of the Zone 4 rock 

toe, where the control section/spillway ties into Middle Piney Creek, should feature grouted 

riprap for additional protection.  These areas will be particularly vulnerable due to their 

slopes and high velocities.  A small slotted opening, approximately 1 ft, should be left at the 

base of the rock toe to allow full function and drainage through the toe.  

 

7.2.4 Recreation Facilities 
 

The existing boat ramp will be reconstructed near the mouth of the proposed auxiliary 

spillway, which will also function as the site’s primary access.  At 30 ft wide, it will provide 

ample access to reservoir patrons.  It will be composed entirely of grouted riprap, with a top 

lift of finished grout.  The grouted riprap foundation is an economical means of providing 

long-term stability, while the finished grout top will provide a suitable driving surface.   

   

The south-eastern portions of the cutoff trench should provide an excellent area for staging 

campground facilities.  The design calls for a flat bench at least 115 ft wide by 250 ft long at 

elevation 8,840.0 ft.  This should provide ample room for future campsites.   

 

The existing restroom facility should remain undisturbed during construction operations.  

The south-eastern extent of the cut-off trench will reach within approximately 20 ft of the 

existing facility.   

 

 

 

 

 

 

 

 

 

                                           
12

 National Resources Conservation Service.  2006.  Design Procedures for Rock –Lined Chute.  
Available at:  http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_024785.pdf  

http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_024785.pdf
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7.2.5 Preliminary Drawings 
 

Preliminary plans were created for the preferred alternative.  These preliminary drawings 

are comprehensive, in that they couple the extensive geotechnical requirements with the 

outlet works and auxiliary spillway design.  Those preliminary plans are shown on the 

following pages: 
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8.0 Preliminary Access Road Design 

8.1 INTRODUCTION 

 

Middle Piney Road is located in Bridger National Forest approximately 30 miles west of Big 

Piney, Wyoming (Figure 8-1). It is the only means of access to Middle Piney Dam and 

Reservoir.  Middle Piney Road is vulnerable to damage from high flow events in Middle Piney 

Creek, which flows parallel to the road. In the past, high flow events have washed out 

portions of the roadway, causing severe damage. To mitigate the risk of future washouts a 

design has been developed to stabilize and protect the road. Four alternative roadway 

stabilization and erosion protection methods were evaluated for vulnerable sections of 

Middle Piney Road. 
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Figure 8-1:  Google Earth Images of Middle Piney Road 
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8.2 BACKGROUND 
 

In July of 2008, the access road leading to Middle Piney Reservoir was severely damaged by 

a high flow event in Middle Piney Creek (Figure 8-2). In 2010 the Forest Service rebuilt the 

road but did not install measures to protect the roadway from future high runoff events 

(Figure 8-3). Without armoring the embankment against erosion, Middle Piney Road is 

likely to be washed out again during high flow events. The Wyoming Water Development 

Commission intends to rehabilitate Middle Piney Dam which requires reliable site access for 

construction equipment. Improving Middle Pine Road for construction access and installing 

permanent slope stabilization structures will provide a long term solution to roadway 

stability.  

 

Figure 8-2:  Road Damage Caused by 2008 High Flow Event 

 

(Photo by Gordon Spilker Huber Geotechnical Consultants, Inc. 2010) 
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Figure 8-3:  Middle Piney Road After Reconstruction in 2010 

 
 

8.3 SLOPE STABILITY 
 

Four retaining wall types – cast-in-place concrete, precast concrete, mechanically stabilized 

earth, and gabions (Figure 8-4) - were initially considered. One, the gabion retaining wall, 

was quickly rejected because gabion wire cages cannot withstand the corrosive and erosive 

action of the stream and are also susceptible to failure from debris snags, which would likely 

be prevalent in Middle Piney Creek.  The remaining three retaining wall types were 

evaluated and compared based on four criteria: embankment protection and stability 

(wt.=4), cost (wt.=4), life expectancy and failure mode (wt.=1),  and constructability 

(wt.=1). Scores from 1 – 5 were assigned for each of the criteria, with higher scores 

indicating better performance. Individual criteria scores were then combined in a weighted 

average for a final score. Precast concrete attained the highest composite score of 4.6, 

followed closely by cast-in-place concrete at 4.1, and mechanically stabilized earth at 3.6 

(Table 8-1). 
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Figure 8-4:  Retaining Wall Types Considered:  A) cast-in-place concrete, B) 

precast concrete, C) mechanically stabilized earth, D) Gabions 

 

 
 

Table 8-1:  Retaining Wall Alternates Criteria Score and Weighted Average Score 

Retaining Wall 

Alternate 

Embankment 
Stability  & 
Protection 

Constructability Cost 
Life 

Expectancy & 
Failure Mode 

Score 

Weight 4 1 4 1  

Precast Concrete 4 5 5 5 4.6 

Cast-in-Place 
Concrete 

4 4 4 5 4.1 

Stabilized Earth 4 3 3 5 3.6 

 

All three retaining wall types provide excellent embankment stabilization when properly 

designed and maintained. Each also provides effective erosion protection where the 

concrete face is present but requires riprap footing protection to prevent undercutting. For 

these reasons, each alternative received a score of 4 with respect to embankment stability 

and stabilization criteria (Table 8-2). 

 

 

A B 

C D 



 

Nov/2015 8-6    
Y:\1-Technical\2822 WWDC\2822-01 Middle Piney\0000_Deliverables\Report Drafts\Middle Piney FINAL 
Report_11_11_15.docx 

 

 

Table 8-2:  Embankment Stabilization and Protection Criteria Scores 

Retaining Wall 
Alternative 

Embankment 
Stabilization 

Erosion 
Protection 

Score 

Precast Concrete Excellent 
Good-Where 

concrete is present 
4 

Cast-in-Place 
Concrete 

Excellent 
Good-Where 

concrete is present 
4 

Mechanically 
Stabilized Earth 

Excellent 
Good-Where 

panels are present 
4 

 

With respect to constructability, precast concrete received a score of 5, the highest score of 

the three retaining wall types. Precast concrete requires the least site preparation, a small 

construction crew, and the fewest additional materials and equipment for construction. 

Cast-in-place concrete received a score of 4 for two reasons. First, delivering concrete to 

the site is problematic due to the remoteness of the site and the lack of local concrete 

providers. Second, erecting forms is time consuming and requires larger work crews 

compared to precast concrete. Third, backfilling and compaction of the retaining wall is 

delayed while the concrete cures to sufficient strength. Mechanically stabilized earth 

received a score of 3 because it requires well graded backfill material. The material available 

on site is poorly graded and grading material on site is both time intensive and costly. 

 

Costs were developed for the retaining wall alternatives using literature values, quoted 

costs, and assuming unit costs of: $600/CY of cast-in-place concrete, $6/CY of excavation, 

and $6/CY of backfill and compaction.  Precast concrete is estimated at $115/linear ft of 

wall (Table 8-3), making it the most cost effective alternative. Cast-in-place concrete is 

estimated to cost $172/linear ft, while mechanically stabilized earth averages $260/linear ft 

of wall. 

 

Table 8-3:  Retaining Wall Alternatives Cost Estimates 

Retaining Wall 
Alternative 

Materials ($/LF) 
Labor 
($/LF) 

Unit Costs* 
($/LF) 

Score 

Precast Concrete $97 $18 $115 5 

Cast-in-Place 
Concrete 

$156 $18 $174 4 

Mechanically 
Stabilized Earth 

- - $260 3 

*Based upon 8 ft retaining wall height. 

 

For retaining wall life expectancy, all three alternatives received a score of 5 because each 

has an expected lifetime of >50 years. The most likely failure mode for each of these 

options is by the stream undercutting the wall footing. As such, measures must be taken to 

protect the toe from erosion regardless of which retaining wall type is considered. 
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8.4 HEC-RAS 
 

Wenck assigned the design flow through Middle Piney Creek as the 24-hr, 100-yr flood 

event. The reservoir was assumed to be full during the storm event, providing no 

attenuation of the 370 cfs peak flow rate. The high flow event was routed through a 1,605 ft 

section of Middle Piney Creek beginning at the outlet works using a HEC-RAS model (Figure 

8-5). Sixteen cross sections, one every 100 ft, were generated for use in the model. The 

stream channel and left overbank were assigned a Manning’s n value of 0.04, the value 

recommended for a mountainous stream with gravel, cobbles, and few boulders. The right 

overbank was assigned a Manning’s n value of 0.05 because it is heavily vegetated with 

trees and shrubs. Normal depth boundary conditions were set using stream bed slopes of 

0.0267 and 0.04 ft/ft, respectively, at the upstream and downstream cross sections. 

 

Figure 8-5:  Middle Piney Creek Stream Reach Modeled in HEC-RAS 

 
 

Flow through the entire reach was super critical, with flow velocities ranging between 8.57 

and 15.24 ft/s and depths between 1.25 and 2.76 ft (Table 8-4). The maximum flow depth 

of 2.76 ft occurred at station 8+00 and the maximum flow velocity of 15.2 ft/s occurred at 

station 3+00. There are three separate regions of concern identified in the modeled reach of 

Middle Piney Creek. The first is from station 16+05 to 10+00, the second is from station 

9+00 to 6+00, and the third from station 1+00 to 0+00. From 16+05 to 10+00 and 1+00 

to 0+00, the roadway embankment slope is <2:1 (H:V) and is susceptible to erosion. This 

section of roadway likely requires a retaining wall be constructed to moderate the 

embankment slope. From 9+00 to 6+00, the road edge is in very close proximity to the 

water surface during high flow events - within 10 vertical feet and 25 horizontal feet of each 

other. This situation is concerning because a small amount of erosion can significantly 

impact the road.  
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Stabilizing the roadway should be divided into an upper and lower reach. The upper reach 

requires both a retaining wall to stabilize the embankment slope and a secondary measure 

to protect against erosion. The lower reach requires only erosion protection with the 

exception of the embankment near station 1+00, which requires slope moderation. 

 

Table 8-4:  Factors Contributing to Roadway Vulnerability (Q=370 cfs) 

Station 
Flow Depth 

(ft) 

Velocity 

(ft/s) 

Horizontal 
Distance 

from Road 
to Stream 

(ft) 

Vertical 
Distance 

from Road 
to Water 

Surface (ft) 

Embankment 

Slope (H:V) 

16+05 2.14 9.93 31.60 29.0 1.03* 

15+00 2.32 8.57 48.90 27.80 1.63* 

14+00 1.75 12.88 49.0 28.60 1.63* 

13+00 1.88 12.31 53.50 27.20 1.89* 

12+00 1.74 11.4 55.40 26.90 1.98* 

11+00 2.08 10 44.80 18.60 2.21 

10+00 2.07 14.16 28.80 12.80 1.96* 

9+00 2.6 14.15 22.90 7.70 2.31 

8+00 2.76 13.49 20.10 5.40 2.51 

7+00 2.51 10.63 18.10 5.0 3.07 

6+00 2.02 12.61 23.80 7.20 2.98 

5+00 1.5 12.57 33.40 6.10 4.70 

4+00 1.78 13.2 42.90 8.80 4.21 

3+00 1.28 15.24 58.70 14.80 3.67 

2+00 1.25 13.02 80.90 24.80 3.11 

1+00 1.76 10.6 54.0 35.50 1.52* 

0+00 1.95 9.92 70.0 35.50 1.97* 

*Cross sections where the embankment between the roadway and Middle Piney Creek is steeper than 2:1 

 

8.5 RIPRAP 

 

All retaining wall options considered here are vulnerable to the stream undercutting their 

foundations. Riprap was selected to armor the footing because suitable rock is available 

near the site. Riprap is also suitable to protect the existing road embankment against 

erosion where a retaining wall is not needed for slope moderation. 

 



 

Nov/2015 8-9    
Y:\1-Technical\2822 WWDC\2822-01 Middle Piney\0000_Deliverables\Report Drafts\Middle Piney FINAL 
Report_11_11_15.docx 

 

 

Wenck calculated riprap size according to HEC 11 Design of Riprap Revetment 

(Administration, 1989)(Equation 3). Equation 3 is based upon permissible tractive force 

and contains three independent variables: stream velocity, flow depth, and the coefficient K 

(Equation 4). A maximum riprap slope of 2:1 H:V is assumed. 

 

Equation 3:  Calculation of Median Riprap Size 

 

𝐷50 =
0.00594𝑉𝑎𝑣𝑔

3

𝑑𝑎𝑣𝑔
0.5 𝐾1.5

 

 Where: 
 𝐷50 = Median riprap diameter (m) 

 𝑉𝑎𝑣𝑔 = Average velocity in main channel (m/s) 

       𝐾 = Bank angle correction factor 

 

Equation 4:  Calculation of Bank Angle Correction Factor 
      

𝐾 = √1 −
𝑠𝑖𝑛2∅

𝑠𝑖𝑛2𝜑
 

  Where: 
 ∅ = Bank angle with the horizontal 

 𝜑 = Riprap material’s angle of repose 

 

Because coefficient K is dependent upon riprap material size, an initial riprap diameter is 

required. The initial riprap size was estimated using Kansas Department of Transportation 

(KDOT) riprap sizing chart. The initial size estimate was then refined through iteration by 

using the D50 calculated by Equation 3 to determine a revised K value. Iteration ended 

when the K value of two subsequent iterations varied by <0.001. Because the reach in 

question experiences super critical flow, calculated riprap size was increased with a 

correction factor (C=1.6 to 2.0), as recommended by HEC 11. 

 

Using the average stream velocity of 12.1 ft/s an initial median riprap size (D50) of 2.75 ft 

was estimated from KDOT charts. From this, an initial K value was determined. At the end 

of iteration, the required median riprap size was calculated to be 2.06 ft (Vavg = 12.1 ft/s, 

davg = 1.95 ft, 2:1 H:V slope, K = 0.719). Parameters calculated in the HEC-RAS model 

were determined using a flow rate of 370 cfs; however, actual maximum flow is unlikely to 

exceed 350 cfs. Considering this conservative flow condition, a correction factor of 1.25 was 

selected and the required riprap D50 was revised upwards to 2.68 ft. Grouted riprap may be 

utilized in locations where high flow velocities or hydraulic jump present the possibility of 

greater erosive action. Additionally, grout may be used if nominal size of available riprap 

materials is less than specified.  

 

8.6 RECOMMENDATIONS 

 

Precast concrete is the preferred retaining wall, respectively scoring 0.5 and 1.0 points 

higher than cast-in-place and mechanically stabilized earth. Precast concrete is preferred 

due to its cost and constructability advantages over cast-in-place and mechanically 
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stabilized earth retaining walls. Precast concrete is estimated at $115 per linear ft, 33% less 

than cast-in-place and 35-67% less than mechanically stabilized earth. In term of 

constructability, precast concrete requires less site preparation and provides more flexible 

backfill material requirements.  

 

Riprap armor of D50=2.68 ft is required to protect the retaining wall footing from erosion 

and undercutting by Middle Piney Creek. The riprap serves a dual purpose of improving 

retaining wall longevity and reducing required maintenance. 

 

8.7 PRELIMINARY ROADWAY DESIGN 

 

Wenck developed preliminary roadway stabilization designs using conservative density and 

internal friction coeficients for GM and GC type soils identified during preliminary site 

investigation. A full geotechnical investigation has not been conducted on the roadway, 

requiring the preliminary design be based on available literature for GM and GC soils.  

Before advancing the roadway stabilization design further, a geotechnical investigation will 

be conducted to verify assumed values and adjust the design accordingly. 

 

Typically GM and GC soil density ranges between 115 and 138 lbs/ft3 and internal friction 

coefficients range between 32.6o and 39.8o.13 To be conservative, the least favorable least 

favorable design values were selected from each range (115 lbs/ft3 density and 32.6o 

internal friction coefficient). Based on these values, it was determined that an eight foot 

retaining wall, buried to a depth of two feet, is sufficient to stabilize the roadway 

embankment. Preliminary drawings were developed for the preferred roadway stabilization 

option, pre-cast concrete retaining wall.  Those drawings are presented in Figure 8-6 

through Figure 8-16 on the following pages: 
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 Wang, C. and Zhan, C. 2011. Gravel Content Effect on the Shear Strength of Clay-Gravel Mixtures. 
Applied Mechanics and Materials, v 71, p 4585-4588. 
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FIGURE 8-9:  ROAD STABILIZATION PLAN STA 10+0 - STA 19+0
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9.0 Cost Estimates 

Separate cost estimates were developed for the recommended cut-off/control section and 

road rehabilitation alternatives.  Estimates were created separately as these projects may 

be bid under separate contracts, and will almost certainly be handled in two phases if 

completed under the same contract.  Quantities were estimated using the preliminary plans 

provided in Sections 7 and 8.  Unit prices were developed using historical construction 

figures from previous projects, including a recently completed reservoir enlargement project 

in a remote area of northern Colorado. Figures were adjusted for inflation as necessary.   

 

Unit prices attempt to reflect some of the challenges which construction of the project will 

present.  Construction must occur during short seasons at a remote site far removed from 

lines of procurement for construction materials.  These factors may put upward pressure on 

pricing.  Estimates were developed using the standard WWDC format to develop total 

project costs.  The estimated cost of the preferred cut-off/control section alternative is 

shown in Table 9-1: 
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Table 9-1:  Estimated Dam Rehabilitation Costs 
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The estimated cost of the road rehabilitation phase of the project is presented in Table 9-2.  

Permitting and mitigation costs, as well as legal fees, were included within the dam 

rehabilitation cost estimate provided in Table 9-1.   

 

Table 9-2:  Estimated Road Rehabilitation Costs 
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10.0 Economics 

10.1 INTRODUCTION 

 

This section provides an estimate of the economic impacts that the rehabilitation of Middle 

Piney Dam would have on the local, regional, and state-wide level.  The primary 

beneficiaries would be those irrigators who would receive an additional 1,870 ac-ft of water 

that the reservoir would yield each year.  Others would benefit indirectly from the annual 

increase in revenues of those directly benefiting from the project.  The local and regional 

community would benefit from the recreational impacts that the improved facility would 

provide.   

 

10.2 DIRECT IRRIGATION BENEFITS 

 

10.2.1   Gross Direct Benefits 
 

After the benefits of the reservoir were defined, the economic impact it would have was 

estimated.  Increases in crop production associated with the reservoir represent an obvious 

direct benefit of the reservoir.  The amount of increase in crop yields was estimated through 

use of conversions of crop yields and evapotranspiration (ET).  If it is assumed that all water 

consumed by crops eventually leads to ET, the model output of crop consumption provides a 

valid indicator with which to estimate increases in yield.   

 

Crop yield/ET conversions for mountain meadow (hay) and alfalfa were obtained from a 

study completed in the nearby town of Daniel, WY14.  The results of the study are shown 

below in Table 10-1: 

 

Table 10-1:  Estimated Crop Yield per AC-FT of Evapotranspiration 

Crop Type Yield (tons/ac-ft ET) 

Hay  1.19 

Alfalfa  1.22 

 

Applying the above conversions to the results predicted by the model, the increases in crop 

production due to the reservoir are defined.  Maintaining the 95% hay-5% alfalfa crop 

distribution assumed during the reservoir yield determinations in Section 2, the increases in 

crop yields under various scenarios are shown in Table 10-2: 

 

 

                                           
14

 Wyoming Water Research Center.  1987.  Development of Evapotranspiration Crop Coefficients.  
Available at:  http://library.wrds.uwyo.edu/wrp/87-06/ch-03.html  

http://library.wrds.uwyo.edu/wrp/87-06/ch-03.html
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Table 10-2:  Potential Reservoir Crop Yield Benefits 

Reservoir Scenario 
(ac-ft) 

Increased Annual Hay Yield 
(ton) 

Increased Annual Alfalfa Yield (tons) 

3,370  685 37 

3,370 Optimal 
Operations 

1,850 
99 

 

The most recent crop price data available for Wyoming was obtained from the United States 

Department of Agriculture’s National Agricultural Statistics Service.15  The most recent three 

year prices were averaged and are provided in Table 10-3: 

 

Table 10-3:  Estimated Crop Prices 

Crop Type 
2011-2013 Average Market Price 

($/ton) 

Hay  163 

Alfalfa  182 

 

Applying the above prices to the production figures predicted in Table 10-2, direct annual 

economic benefits were found and are shown in Table 10-4 below:   

 

Table 10-4:  Gross Direct Irrigation Benefits 

Reservoir Scenario 
2014 Annual Hay Direct 

Economic Benefit ($) 

2014 Annual Alfalfa 

Direct Economic Benefit 
($) 

2014 Total ($) 

3,370 ac-ft 
Normal 

Operations  

$111,427.28 $6,674.61 $118,101.89 

3,370 ac-ft 
Optimum 

Operations 

$336,091.20 $18,044.57 $354,135.77 

 

10.2.2   Estimated Reservoir Expenses 
 

Proper operation and maintenance of the reservoir would be required.  Operation and 

maintenance expenses would incur annual costs which would count against the net annual 

economic impact.  These would include several items: 

 

 Reservoir Operation 

o Part time operator wages during spring run-off, irrigation season, and as-

needed for extraneous events; 

                                           
15

 National Agricultural Statistics Service. 2014.  Wyoming Agricultural Statistics 2014.  Available at:  

http://www.nass.usda.gov/Statistics_by_State/Wyoming/Publications/Annual_Statistical_Bulletin/W
Y.2014.pdf  

http://www.nass.usda.gov/Statistics_by_State/Wyoming/Publications/Annual_Statistical_Bulletin/WY.2014.pdf
http://www.nass.usda.gov/Statistics_by_State/Wyoming/Publications/Annual_Statistical_Bulletin/WY.2014.pdf
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 Reservoir Maintenance 

o Removal of debris;  

o Repair of erosion;  

o Normal maintenance of valves and other outlet works equipment;  

o Observing and recording seepage rates;  

o Other misc. items; 

 

Table 10-5 estimates the annual operation and maintenance costs for rehabilitated Middle 

Piney Dam.   

 

Table 10-5:  Estimated Operation and Maintenance Costs 

Operation and 
Maintenance Item 

Cost ($) 

Reservoir 

Operation 
$5,000.00 

Dam 

Maintenance 
$4,500.00 

Total $9,500.00 

 

10.2.3   Net Direct Benefits 
 

The net nominal amount of direct benefits is the difference of gross direct benefits less total 

annual operation and maintenance costs.  Those values are shown in 10-6:   

 

Table 10-6:  Net Annual Direct Benefit 

Scenario Net Direct Benefit 

Normal 
Operations 

$108,601.89 

Optimal 
Operations 

$344,635.77 

 

 

10.3 INDIRECT BENEFITS 
 

10.3.1   Indirect Agricultural Benefits 

 

It is a generally accepted principal of economics that additional income added to any 

economy will have a multiplier effect of secondary benefits within that economy.  In the 

case of Middle Piney Reservoir, some of the additional income that local irrigators would 

generate would be spent and invested locally, resulting in additional income streams in 

other areas of the regional and state economy.  Therefore the total economic benefits of the 

project would be larger than those direct irrigation income benefits discussed above. 

 

Indirect agricultural benefits can be estimated through the use of multipliers developed by 

federal authorities at the Bureau of Economic Analysis of the U.S. Department of 
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Commerce.  Recent publications suggest that a 2.63 multiplier is appropriate for Wyoming 

agricultural income, as described in the following excerpt from the Clear Creek Level-I 

Study16 completed by States West in 2011: 

 

The Bureau of Economic Analysis of the U.S. Department of Commerce periodically 

produces estimates of indirect income multipliers for Wyoming’s agricultural 

sector.  These multipliers estimate the total income increase in Wyoming from a one-

dollar increase in farm income.  Their latest estimate of this multiplier is 2.63; 

meaning that for each dollar of additional farm income, total income in Wyoming 

increases by $2.639   The $2.63 increase consists of a one-dollar increase in farm 

income plus a $1.63 increase in indirect income in other economic sectors. 

 

The indirect benefits of Middle Piney Reservoir were estimated using the 2.63 multiplier and 

are presented in Table 10-7: 

 

Table 10-7:  Annual Indirect Irrigation Benefits 

Reservoir Scenario 
Net Direct Irrigation 

Benefit ($) 
Indirect Irrigation 

Benefit ($) 
Total Irrigation 

Benefit ($) 

Normal 
Operations  

$108,601.89 
$177,021.08 $285,622.97 

Optimum 

Operations 
$344,635.77 

$561,756.30 $906,392.07 

 

10.3.2   Recreational Benefits 
 

Rehabilitation of the reservoir would also provide continued recreational opportunities which 

have benefited the area for some time.  Middle Piney’s pristine nature and rugged beauty 

make it a popular destination for both local and out-of-state patrons.    The lake features a 

robust population of Rainbow and Lake Trout which would continue to thrive with additional 

storage.  There are five campsites available locally at the reservoir site.  Usage of these 

would surely benefit from the improved access road conditions that would come with the 

dam rehabilitation. 

 

There are no records of recreational activity available for the facility, however, previous 

works have estimated the usage at 1,000 activity days/year, and a benefit of 

$25.00/activity day. This equates to approximately $25,000.00 in annual recreational 

benefits. (States West Water Resources Corp., 2009)   

 

                                           
16

 Wyoming Water Development Commission. 2011. Clear Creek Watershed Level-I Study-Final 
Report.  Found at:  http://library.wrds.uwyo.edu/wwdcrept/Clear_Creek/Clear_Creek-

Watershed_Level_I_Study-Final_Report-2011.html  

13  U.S. Department of Commerce.  2007.  Regional Multipliers: A User Guide for the Regional Input-
Output Modeling System (RIMS ll).  Bureau of Economic Analysis 

http://library.wrds.uwyo.edu/wwdcrept/Clear_Creek/Clear_Creek-Watershed_Level_I_Study-Final_Report-2011.html
http://library.wrds.uwyo.edu/wwdcrept/Clear_Creek/Clear_Creek-Watershed_Level_I_Study-Final_Report-2011.html
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Compared with the current operations, the effect of the rehabilitation on recreation will be 

insignificant, as the lake levels will fluctuate much the same way as they do now, with some 

temporal variation.  Water shall be stored each season early on and released as irrigators 

call for it later in the irrigation season, which may have benefits to the downstream fishery.  

The increased accessibility of the site should also provide a recreational benefit.   

 

10.3.3   Other Potential Benefits 
 

Fish habitat in the existing downstream drainage may be improved by the increased 

storage.  Calls for water will likely occur primarily in the late June-July-August time frame, 

thus providing additional water in the drainage during times which it has historically been 

short of water. The cool temperature water supply from the high elevation site may also 

provide relief to heat exhausted fish later in the season. 

 

The reservoir provides flood relief to downstream facilities that may be impacted by those 

outlier rain events and high snowpack years.  The attenuating effect of the reservoir would 

protect downstream facilities from damaging high flow events.  These may include 

campgrounds, cabins, roads, culverts, bridges and irrigation structures.  A detailed 

inventory of these including elevations would have to be developed to fully quantify this 

potential.  Such an inventory is beyond the scope of this report. 

 

10.4 NET PRESENT DAY VALUE 
 

Net present day values for the rehabilitated reservoir were calculated using a 50-yr return 

period and a 4% interest rate.  Prior to completing this, the total net annual economic 

benefit of the reservoir was estimated by summing the net-direct, indirect, and recreational 

benefits.  Those results are provided in Table 10-8: 

 

Table 10-8:  Total Net Annual Benefits 

Reservoir 

Scenario 

Net Direct 

Benefit ($) 

Net Indirect 

Benefit ($) 

Recreational 

Benefit ($) 

Total Annual 

Benefit 

Normal 
Operations  

$108,601.89 $177,021.08 $25,000.00 $310,622.97 

Optimum 
Operations 

$344,635.77 $906,392.07 $25,000.00 
$931,392.07 
 

 

The net present day values of the reservoir were calculated for the total annual benefits 

shown above assuming a 4% interest rate and 50 year facility life: 

 

Table 10-9:  Net Present Day Reservoir Values 

Reservoir Scenario 2015 Present Day Worth ($) 

3,370 ac-ft Normal Operations  $6,672,864.75 

3,370 ac-ft Optimal Operations $20,008,350.72 
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Assuming the inefficient irrigation practices of today are maintained over the next 50 years, 

which is highly unlikely, the reservoir has a net present day worth slightly less than its 

estimated rehabilitation costs of $7.9 M.  The higher efficiency operations produce a much 

better value for the facility, creating a benefit to cost ratio of 2.53. 

 

 

 

 

 

 

 

 

 

 

 



 

Nov/2015 11-1    
Y:\1-Technical\2822 WWDC\2822-01 Middle Piney\0000_Deliverables\Report Drafts\Middle Piney FINAL 
Report_11_11_15.docx 

 

 

11.0 Summary 

11.1 SAFETY OF DAMS HAZARDS 

 

Middle Piney Dam’s long history of safety hazards have been discussed in this report, as 

well as in preceding studies.  Those hazards have been summarized in the following: 

 

 Seepage paths below the dam, through what is now inferred to be an ancient slide 

zone consisting of quartzite boulders, present a potential failure mode to the existing 

facility and decrease storage efficiency 

 The existing outlet works needs maintenance/replacement 

o Differential settlement of outlet works piping and structures may have 

sheared the existing 42” CMP outlet conduit in areas 

o The existing 42” CMP outlet conduit is highly corroded 

o Both of these present potential failure modes of piping through the 

embankment 

 The existing auxiliary spillway is undersized by modern standards 

o Its current capacity of approximately 600 cfs is only 2.3% of the expected 

PMF of 26,518 cfs calculated for this report 

 The active nature of the site, coupled with the current orientation of its facilities, 

make both the outlet works and spillway subject to obstruction by slide debris 

o Obstruction of these facilities presents a clear danger to the dam, making it 

vulnerable to overtopping during high precipitation events 

 

11.2 RESERVOIR YIELD 
 

The amount of water that the reservoir is expected to yield was calculated for an 80% 

confidence level.  Conservative assumptions were made throughout the analysis to ensure 

that predicted yield levels will be realized.  An 8 out of 10 year reservoir yield of 1,870 ac-ft 

per year was calculated, assuming that inefficient irrigation practices of today will continue.  

A potential increase of 340 additional ac-ft could be realized if irrigation practices are 

optimized within their present capabilities.  This optimized scenario only assumes that 

irrigators take what is needed for crop consumptive use, and does not account for 

improvements to irrigation facilities.  Therefore an optimal yield of 2,210 ac-ft may be 

feasible with proper outreach and education being pursued concurrent with the facility 

rehabilitation. 

 

11.3 FLOOD MODELING 
 

Flood effects of various durations and return intervals were quantified for the upper Middle 

Piney drainage.  These events were then routed through the proposed rehabilitated facilities 

outlet works and auxiliary spillway.  Model results confirmed that the proposed facility will 

pass the PMF.  Model simulations also confirmed that the proposed outlet works will have 
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the capacity to pass the “natural hydrograph” for the basin.  The proposed outlet works will 

pass the 100-yr event without requiring use of the auxiliary spillway.   

 

11.4 GEOTECHNICAL INVESTIGATION 
 

Additional sub-surface investigations were completed.  These included geophysical mapping, 

sub-surface borings, piezometer installation, and test pit bulk sampling and analysis.  These 

investigations have identified inferred seepage paths below the existing embankment and 

through the right abutment (ancient landslide material).  Seepage mitigation alternatives 

have been developed, with a preferred alternative of a cut-off trench featuring a GCL 

membrane and single line grout curtain being identified.  This alternative will also consist of 

a trench drain, control section, filter zones, and a rock toe. 

 

11.5 AQUATIC RESOURCES INVENTORY 

 

An aquatic resources inventory was completed for the site.  A wetlands complex was 

delineated on the upper/inlet end of reservoir.  Included in this was a total of 4.42 acres of 

palustrine emergent and 15.99 acres of palustrine shrub/scrub, for a total of 20.41 acres.  

During a substantial portion of the life of reservoir, water level has fluctuated up to 

approximately 20 ft.  Based on observation during the field visit, the wetland complex 

appears to be in a sort of equilibrium with the fluctuating reservoir levels that range from 

8,815 to 8,836 feet in elevation. The willows appeared to be healthy with no sign of die-off 

due to extended periods of inundation. 

 

11.6 PRELIMINARY DAM DESIGN 
 

Preliminary design was completed for the preferred rehabilitation alternative.  In addition to 

the geotechnical features described in Section 7, the preferred alternative will feature a 54” 

concrete encased HDPE outlet pipe positioned away from the potential slide debris zone.  

Outlet works control facilities will feature high and low flow slide gates to manage releases, 

as well as an overflow weir set at the normal reservoir high water elevation.  The proposed 

rehabilitated dam will also feature a 100 ft wide broad crested auxiliary spillway, which will 

pass all the PMP events without overtopping the dam.   

 

11.7 PRELIMINARY ACCESS ROAD DESIGN 
 

Several alternatives were analyzed to rehabilitate and stabilize the access road below Middle 

Piney Dam.  The road, which last failed due to wash-out in 2008, was reconstructed with no 

protective measures in 2010.  A preferred alternative featuring a combination of pre-cast 

concrete retaining walls for unstable slopes, and riprap protection for stable sections was 

defined.  More detailed material analysis will be required prior to finalizing design 

recommendations. 
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11.8 COST ESTIMATES 
 

Itemized cost estimates were developed for the preferred dam and road rehabilitation 

projects.  Seepage mitigation and rehabilitation of the dam to current safety of dams 

standards will cost an estimated $7.9 M, while rehabilitation/stabilization of the access road 

will cost an estimated $1.1 M.   

 

11.9 ECONOMICS 
 

Economic analysis completed shows economic justification for rehabilitation of the facility.  

The net present day value of the reservoir will range from $6.7 to $20.0 M, depending on 

irrigation practices and increased efficiencies provided by the rehabilitated storage into the 

future. 
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