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1. INTRODUCTION 

1.1 General 

The Wagoner Cherokee Irrigation District (District) is located in southern Carbon County 
near the Towns of Encampment and Riverside as shown on Figure 1.1. On September 2, 
2003, PMPC in association with States West Water Resources Corporation entered into a 
Consultant Contract for Services No. 05SC0292275 with the Wyoming Water 
Development Commission (WWDC) for the Wagoner Cherokee Irrigation District Level 
II Study (referred to as Phase 1). On June 21, 2004, PMPC in association with States 
West Water Resources Corporation and Anderson Consulting Engineers, Inc. entered into 
a second Consultant Contract for Services No. 055C0292434 with the WWDC for the 
Wagoner Cherokee Irrigation District Level II Phase 2 Study (referred to as Phase 2). 
The results of both phases are presented in this report. 
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1.2 Project History 

The WWDC Wagoner Cherokee Irrigation District Level I Master Plan (Level I) was 
completed in November 2002 by PMPC, States West Water Resources and Water Right 
Services, LLC. The recommendations of the Level I report were for the Wagoner 
Cherokee Irrigation District to complete District formation and request the WWDC to 
proceed with a Level II study. District formation is a requirement to proceed with a 
WWDC Level II study. The Wagoner Cherokee Irrigation District was officially formed 
June 17, 2003. The Level I scope included evaluating the following problems. 
• The existing diversions are unstable and require extensive annual maintenance. When 

the Encampment River is running at high flows the ditches function well and the 
District is able to divert the water they are entitled to but at low flows they are not 
able to divert this water. 

• The ditches are losing water due to seepage loss. The seepage losses and remediation 
were evaluated. 

• The existing measurement devices are insufficient making it difficult to regulate ditch 
flows. 

• The ditch owners have a gentleman's agreement for the ditch operation and 
maintenance, with no dedicated means to access the ditch for operation and 
maintenance. Typically, access has been through a private roadway on private 
property. Ideally, incorporation of an access roadway would be included, as well as a 
formal operation and maintenance agreement. 

Water from the Encampment River is diverted into the Wagoner and Cherokee Ditches to 
irrigate the Project area. The Wagoner Ditch has water rights dated from 1885 through 
1954 with an appropriation of 15.41 cfs (1,079 acres) and the Cherokee Ditch has water 
rights dated from 1895 through 1968 and has an appropriation of23.6 cfs (1,659 acres) 
plus 7.21 cfs ( 505 acres) of supplemental supply. A total of 3,243 acres, including the 
supplemental supply, can be irrigated through these ditches. During low flows in the 
Encampment River, numerous downstream ditches are supplied through the Cherokee 
Ditch without properly changing the point of diversion on record with the State Board of 
Control. 

The point of diversion for the Wagoner Ditch is approximately 800 feet downstream of 
the Cherokee Ditch, see Figure 2.1. The two ditches run parallel to each other for 
approximately 1.5 miles, from the diversions to Highway 230. Both ditches seep 
between their points of diversion and their intersection with State Highway 230. 
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1.3 Phase 1 Project Scope 

On September 12,2003, a scoping meeting was held at the Encampment Town Hall. 
Attendees included representatives from the WWDC, Wagoner Cherokee Irrigation 
District, States West Water Resources and PMPC. 

The Level II study further investigates seepage loss and provides cost estimates of the 
Level I selected alternative. The Level I selected alternative is a combined diversion 
structure at the location of the existing Cherokee Ditch diversion and approximately 960 
feet of a combined ditch carrying both Wagoner and Cherokee Ditch flows to a location 
where the Wagoner Ditch flows are diverted from the combined ditch into the existing 
Wagoner Ditch. 

The most economical seepage treatment option evaluated in the Level I was a 
geosynthetic clay liner. The scope includes an attempt to determine areas of higher 
seepage with the option of treating isolated areas. Adequate measurement devices will be 
incorporated into the system design for easy management and regulation. 

The Level I diversion structure cost estimates and design included extending electrical 
power lines to the diversion structure for gate operation. The District preferred a 
generator with manual gate operation. 

The Wagoner Cherokee Irrigation District discussed the possibility of adding a 
geomorphology study of the Encampment River and design of a rock weir diversion to 
the Level II report. After discussions between the District and the WWDC it was decided 
that the additional scope could not be added to the original Level II scope. The WWDC 
distributed a request for proposals for the additional work. PMPC submitted a statement 
of interest and was awarded the work. Phase 1, the original Level II contract, and Phase 
2, the geomorphology study, results are incorporated in this report. 
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1.4 Phase 2 Project Scope 

On August 4, 2004, a scoping meeting was held at the Encampment Town Hall for the 
Phase 2 portion of the project. Attendees included representatives from the WWDC, 
State Engineers Office, Wagoner Cherokee Irrigation District, States West Water 
Resources, Anderson Consulting Engineers and PMPC. 

The Phase 2 scope was discussed and includes performing a geomorphic characterization 
of the Encampment River, designing rock weir/vane type diversion structure(s) and 
developing cost estimates. The same criteria developed for the Level I study to design 
the Obermeyer diversion structure will be used for the rock weir/vane type diversion. 
The criteria for the structure are as follows: 
• should not materially impede the stream during high water (this is important from the 

standpoint of rafter safely as well as exclusion of sediment and debris from the canal) 
• shall pass high flows with minimal overbank flow 
• should have the capability to divert water into the headgate during low flows 
• should allow fish passage 
• should exclude fish from entering the canal 
• improvements should blend with the natural environment 
Constructing one combined diversion or two separate diversions; the same two scenarios 
developed in the Level I, will be analyzed. 
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2. FIELD INVESTIGATION 

2.1 Field Investigation 

PMPC conducted field investigations in October 2003 and May 2004 during which 
additional surveys were performed and the water flows in the ditches measured. The 
field investigation was performed from the diversions to Highway 230, see Figure 2.1. 

The focus of the field investigation was to: 
• Examine the condition of the ditches by a visual investigation. 
• Gage ditch flows from the Encampment River diversions to Highway 230 attempting 

to identify areas of higher seepage. 
• Perform a survey to determine the boundary of land ownership. 
• Survey additional cross sections in the Encampment River for the hydraulic analysis. 
• Perform a geotechnical investigation. 

Data collection activities included: 
• Flow measurements for seepage analysis using a Marsh-McBimey Flo-Mate flow 

meter. Nine locations were gaged in the Cherokee Ditch and nine in the Wagoner 
Ditch. The flow measurements were limited to the area south of Highway 230. 

• Survey data was collected using a Trimble GPS system. Cross sections in the 
Encampment River both upstream and downstream of the proposed structure were 
surveyed as well as the gaging locations and the property line between Jim and Janet 
Herring and Dwight and Candace France. 

The field investigation consisted of a visual inspection of both ditches. The Cherokee 
Ditch did not have water running in it, the Wagoner Ditch did. The intent of the field 
investigation was to look at the condition of the ditches and visually determine if there 
were any changes in physical features that might indicate areas of higher seepage. The 
material in the ditches was uniform and consistent and no soil changes were noted. The 
rock outcrop, Station 105+00 to Station 109+00, was the only physical feature that might 
have an effect on the seepage loss. 

Cross sections of the existing Wagoner and Cherokee Ditches were developed in the 
Level I and are included in Appendix A. The cross section locations correspond to the 
stationing on Figure 2.1. 

The District installed a 6-foot Parshall flume in the Cherokee Ditch at the location shown 
on Figure 2.1. The ditch was cleaned and widened in the vicinity of the new flume. 
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2.2 Seepage Analysis 

2.2.1 Methodology 

The Level I seepage analysis concluded that the Cherokee Ditch has a 21.5% seepage 
loss and the Wagoner Ditch has a 15.6% seepage loss from the diversion to Highway 
230. The Level I study results are presented in Appendix D. The additional stream 
gaging for the Level II was an attempt to isolate areas of higher seepage and determine 
the amount of seepage that migrates from the Cherokee Ditch into the Wagoner Ditch. 

To determine the amount of water seeping from the Cherokee Ditch into the Wagoner 
Ditch the following procedure was used: 

1. Verify the Wagoner Ditch had water in it and adjust flow. 
2. Measure flows in the Wagoner Ditch. 
3. Compute seepage losses in the Wagoner Ditch. 
4. Tum water on in the Cherokee Ditch. 
5. Measure flows in the Cherokee Ditch. 
6. Measure flows again in the Wagoner Ditch. 
7. Compute seepage losses in both ditches. 
8. Compare initial seepage loss from Step 3 with seepage loss from Step 7. 

2.2.2 Seepage Results 

Gaging of the Wagoner Ditch was conducted in May 2004. Flow measurements were 
taken at nine locations in both the Cherokee and Wagoner Ditches as shown on Figure 
2.1. The stream gaging was limited to the area south of Highway 230. The flow gaging 
results are summarized below. Table 2.1 is with the Wagoner Ditch running water only. 
Tables 2.2, 2.3 and 2.4 are with both ditches running water. 

Table 2.1- Wagoner Ditch Seepage Results (5/5/04)* 

10% 
*Water only in the Wagoner Ditch 
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Table 2.2 - Wagoner Ditch Seepage Results (5/19/04) 

Se 0% 
* At Turnout No.1, Station 23+50, 2.1 cfs was diverted and 
at Turnout No.2, Station 60+60,3.6 cfs was being diverted. 

Table 2.3 - Cherokee Ditch Seepage Results (5/10/04) 

Table 2.4 - Cherokee Ditch Seepage Results (5/17/04) 

4% 

Prior to the Cherokee Ditch being turned on, the Wagoner Ditch had a seepage loss of 
10% (Table 2.1). After the Cherokee Ditch was turned on, the Wagoner Ditch seepage 
decreased (Table 2.2); indicating seepage from the Cherokee Ditch flows into the 
Wagoner Ditch. The Cherokee Ditch had a significantly lower seepage loss compared to 
the Level I analysis. The Cherokee Ditch was measured twice for verification of the 
much lower results. The first overall loss was 7% (Table 2.3) and the second 
measurement was 4% (Table 2.4). More detailed flow gaging results are in Appendix C. 
The Level II results were much lower than the Level I results. A possible explanation of 
the varied seepage results are the improvements the District made between the two 
studies, which included cleaning and enlarging the Cherokee Ditch and plugging beaver 
holes. 

Gaging locations were spaced approximately every 1,000 feet to locate areas of higher 
seepage. The accuracy of the Marsh Mc-Birney flow meter and comparable equipment is 
± 20/0 in ideal conditions. Field measurements including human error and site conditions 
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reduce the accuracy to approximately ± 5%. As a result of these errors, the close 
proximity of the gaging locations and natural fluctuations in the Encampment River, the 
areas of higher seepage could not be identified. 

There is obvious seepage from both ditches due to the saturated soil and standing water 
between the ditches and below the Wagoner Ditch. According to the land owners, 
Dwight and Candace France, there are approximately 15 acres that are too wet to harvest 
below the Wagoner Ditch. 
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FIGURE 2.1 
WAGONER CHEROKEE PLAN VIEW 
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2.3 Encampment River Geotechnical Investigation 

A geotechnical investigation was conducted at the site of the existing Cherokee diversion 
structure in November 2003. The purpose of the geotechnical investigation was to 
determine the bedrock elevation. This information was used in the conceptual design of 
the new diversion structure. 

A track hoe dug four test pits so that the bedrock elevation could be determined. The 
location of these pits is shown on Figure 2.5. The locations of the test pits were: 

TP-l. Immediately upstream of the existing diversion structure in the middle of the 
nver 

TP-2. Immediately upstream of the existing diversion structure close to the right 
embankment 

TP-3. Immediately downstream of the existing diversion structure in the middle of 
the river 

TP-4. Approximately 125 feet downstream from the existing diversion structure 

The bedrock elevations are shown in Table 2.5. 

Table 2.5 - Bedrock Elevations at Test Pits 

TP-l 7 180 ft 

TP-2 7,180 ft 

TP-3 7 175 ft 

TP-4 7 175 ft 

There is a five-foot drop in bedrock elevation from TP-l and TP-2 to TP-3 and TP-4. See 
the geomorphic study section of this report for more information on drop in bedrock 
elevation. 
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3. GEOMORPHOLOGY STUDY 

3.1 Introduction 

Fluvial geomorphology is the study of how land is formed under processes associated with 
running water. The balance between processes such as erosion, deposition, and sediment 
transport determines the character and condition of a stream. The objective of the 
geomorphic evaluation is to determine the nature of this balance, and where the balance has 
been upset. 

The condition of a stream can be assessed with respect to its basic form (width, depth, slope, 
etc.), as well as its state of equilibrium, or geomorphic stability (Thome, et aI, 1996; 
Johnson, et aI., 1999). Stable, or equilibrium channels are generally defined as those that 
have achieved a balance between flow energy and sediment delivery, such that sediment is 
transported at the rate at which it is delivered, and the form and pattern of the channel is 
maintained (Thome, et aI., 1996). Dynamically stable channels are adjustable in nature, and 
"stability" does not preclude lateral migration and associated dynamics such as bank erosion 
and sediment deposition. 

In geomorphically stable conditions, minor changes in either sediment supply or transport 
energy result in gradual adjustment of channel form to accommodate those changes (Lane, 
1955). Channels destabilize when changes in those factors are extreme enough that rapid 
and dramatic alterations in pattern or form occur. Common indicators of channel instability 
include active downcutting and accelerated bank erosion, major changes in channel 
width/depth ratios, and increased flooding due to sediment deposition. Geomorphic function 
is achieved when a channel is in equilibrium, while undergoing processes such as lateral 
migration, sediment reworking, and occasional overbank flooding that effectively create and 
sustain quality habitat elements, such as bars, pool/riffles, step/pools, and healthy, 
regenerating riparian corridors. 

A qualitative assessment was conducted with respect to the fluvial response of the 
Encampment River to the alternative conditions previously described. The assessment was 
based on a review of available mapping, and pertinent data; interpretation of historical aerial 
photography; and data collected during a field reconnaissance of the Encampment River 
study reach. Figure 3.1 depicts the limits of the study area. It extends from the confluence of 
the North Fork Encampment River and the Encampment River mainstream to approximately 
2 miles downstream of the Highway 230 bridge. 
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Figure 3.1 - Encampment River Study Area - Geomorphic Assessment 
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The qualitative assessment involved application of a variety of techniques to characterize the 
geomorphic evolution of the Encampment River. These techniques included: 

• Classification of stream reaches based on the Rosgen Classification System; 
• Field reconnaissance of the river to determine the presence of man-made or geologic bed 

or bank control structures and nature of bed and bank material; 
• Comparison of historical aerial photographs to determine potential changes in planform; 
• Development of geomorphic relationships providing insight into planform conditions and 

processes (i.e., braided channels, meandering channels, etc), long-term 
aggradation/degradation trends, etc.; and 

• Estimation of bankfull discharge/channel forming discharge and potential mobility of the 
bed materials. 
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3.2 Stream Classification 

The literature presents 
descriptions of numerous 
systems for classifying and 
evaluating river systems. Of 
these, perhaps the most widely 
used today is the Rosgen 
classification system. This 
system, based upon the stream's 
existing channel morphology, 
was utilized in this study. 
Parameters such as the 
sinuosity, slope, width/depth 
ratio and size of channel 
materials are evaluated and used 
to classify the stream into one of 
the various "types" included in 
the system. There are four 
levels of classification in the 
Rosgen system, each being more 
detailed than the previous level. 
Figure 3.2 displays the hierarchy 
of the assessment levels and the 
general nature of effort 
associated with each. 

CHANNEL SLOPE 
Valley Slope I Sinuosity 

CHANNEL SHAPE 
Narrow - Deep 
Wide - Shallow 

ENTRENCHMENT RATIO 

WIDTHIDEPTH RATIO 

SINUOSITY 

RIPARIAN VEGETATION 
DEPOSmON PATTERN 
DEBRIS OCCURRENCE 

MEANDER PATTERN 
Channel STABILITY Riling 
•.. SEDIMENT SUPPLY 

... BED STABIUTY 
... WID RATIO 'STATE" 

SEDIMENT MEASUREMENTS: 
Bedload SedIment 

Suspended Sediment 

STREAMFLOW 
MEASUREMENTS: 

Hydraulics 
Reslstence 

Hydrographs 

SII8am Types 
'A' through 'G' 

Stream Types 
A1-AS ....•.. G1-GS 

STREAM "STATE" or 
CONDITION 

LEVEL III 

VALIDATION LEVEL 

LEVEL IV 

CHANNEL PATTERNS 
Single Thread 

Multiple Thread 
Anastomosed 

Sinuosity 
Meander Width Ratio 

CHANNEL SLOPE 

CHANNEL MATERIALS 

Bank EROSION Potential 
Stream SIZE I ORDER 

FLOW REGIME 
Ahered Channel "STATE" 

". DIMENSIONS 
... PATTERNS 

... SLOPE 
... MATERIALS 

STABIUTY: 
AggfadtIon I Degradation 

SEDIMENT: 
Change In Storage & 
Mtrs. Size Distribution 
Bank Erosion Rates 

1_0IIIrtJuti0n 
Time Trends - Stability 

Figure 3.2 - Hierarchy of the Rosgen Classification System 
(Rosgen, 1996) 

Much of the Level I geomorphic characterization is qualitative and utilizes aerial 
photography and topographic maps. Streams are divided into 8 broad types on the basis of 
their channel and floodplain geometry. Rosgen's classification system stream types can be 
thought of in their relative location within the watershed, from their headwaters through 
lowlands. The major stream types reflect their location in the watershed. For example, "A" 
type streams are located in headwaters, "C" & "E" stream types are located in meandering 
lowlands, etc. 
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The Level II effort provides a more 
detailed description of the stream 
using measurements at selected 
locations. Strean1 types are further 
subdivided into 94 subtypes based 
upon degree of entrenchment, width
to-depth ratio, water surface slope, 
strean1bed materials, and sinuosity 
(Figure 3.3). Consequently, the 
Level II characterization is more 
quantitative than the Level I effort. 
Levels III and IV require more 
extensive data collection and 
quantification of river 
characteristics. This investigation is 
limited to Level I and Level II 
assessments of channel conditions. 

The purpose of the Level I / II 
geon10rphic classification is to 
provide an evaluation of the 
Encalnpment River within the study 
area including its overall stream 
n10rphology, character, and 
condition. For background 
purposes, Table 3.1 is presented as a 
brief sumlnary of the different 
stream types found within the 
Rosgen system. 

Figure 3.4 shows the relative 
locations of these types within a 
typical watershed. 

Figure 3.3 - Rosgen Classification Matrix (Rosgen, 1996) 
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Table 3.1 - Summary of Rosgen Stream Type Characteristics (Rosgen, 1996) 

Stream General Entrenchment WID Landform! 
'I)pe Description Ratio Ratio Sinuosity Slope SOds/Features 

Aa+ Very steep. deeply <1.4 <12 1.0 >.10 Very high relief. Erosional. bedrock 
entrenched. debris trans- to or depositional features; debris flow 
port. torrent streams. 1.1 potentfal. Deeply entrenched streams. 

Vertical steps with deep scour pools; 
waterfalls. 

A Steep. entrenched. cascad- <1.4 <12 1.0 .04 High reUef. Erosional or depositional 
ing, step/pool streams. to to and bedrock forms. Entrenched and 
High energy/debris trans- 1.2 .10 confined streams with cascading 
port associated with reaches. Frequently spaced. deep 
depositional sons. Vel)' pools in associated step/pool bed 
stable if bedrodt or boulder morphology. 
dominated channel. 

B Moderate1y entrenched. 1.4 >12 >1.2 .02 Moderate relief. coDuvial deposllion. 
moderate gradient, rifDe to to and/or structural. Moderate 
dominated channel, with 2.2 .039 entrenchment and WID ratio. 
infrequently spaced pools. Narrow. gently sloping valleys. 
very stable plan and prome. Rapids predominate w/scour pools. 
Stable banks. 

C Low gradient, meandering, >2.2 >12 >1.2 <.02 Broad valleys w/terraces. in assoda-
point-bar, rlftletpool. allu- tton with floodplalns, alluvial soDs. 
vial channels with broad, SlIghtly entrenched with well-defined 
well defined floodplains. meandering channels. R1ft1etpool bed 

morphology. 

D Braided channel with longl- nla >40 nla <.04 Broad valleys with alluvium, steeper 
tudlnaI and transverse bars. fans. Glacial debris and deposftional 
very wide channel with features. Ac:dve lateral adjustment, 
eroding banks. w/abundance of sediment supply. 

Convergence/dlvergmce bed 
features. aggradational processes. 
hJgb bedload and bank erosion. 

DA Anastomosing (multlple >2.2 HIghly HIghly <.005 Broad, low-gradient valleys with fine 
channels) narrow and deep variable variable alluvium and/or IaCUIIdDe soDs. 
with extensive, well vege- Anastomosed (multiple channel) 
tated floodplalns and geologlc coIUroi creating ftne 
associated wetlands. Very deposition wlwell-vegetated bars that 
geode relief with highJy are Iatera11y stable with broad 
variable sinuosities and wedand floodplalns. Very low 
width/depth ratios. Very bedload, high wash load sediment. 
stable streambanks. 

E Low gradient, meandering >2.2 <12 >1.5 <.02 Broad valley/meadows. Alluvial 
rifDeJpool stream with low materials with floodplains. HJgbly 
width/depth ratio and Uttle sinuous with stable. well-vegetated 
deposition. Very emdent banks. R1ftleIpool morphology with 
and stable. High meander very low width/depth ratios. 
width ratio. 

F Entrenched meandering <1.4 >12 >1.2 <.02 Entrenched in blghly weathered 
rifDeJpool channel on low material. Gende gradients, with a 
gradients with high high width/depth ratio. MeanderIng. 
width/depth ratio. laterally unstable with high bank 

erosion rates. R1ftleIpool 
morphology. 

G Entrenched "gully- <1.4 <12 >1.2 .02 Gullies, steplpool morphology 
step/pool and low to w/moderate slopes and low 
width/depth ratio on mod- .039 width/depth ratio. Narrow valleys. or 
erate gradients. deeply lndsed in alluvlal or coDuvlal 

materials, i.e., fans or deltas. 
Unstable, with grade control 
problems and high bank erosion 
rates. 
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LONGITUDINAL, CROSS-SECTIONAL and PLAN VIEWS 
of MAJOR STREAM TYPES 

---~.. .. _ -_s:. __ _ 
.:?-4~~ -- -<20/; .. ? -- . _ DA 

<: 4 % <: 0.5 % 

Figure 3.4 - Major Strean1 Types within the Rosgen Classification System 
(Rosgen, 1996) 
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3.3 Stream Classification Results 

Based upon the field reconnaissance and the stream classification effort, two distinct stream 
reaches were identified within the study area. The extent of the reaches are depicted on 
Figure 3.5 and described as follows: 

Reach 1 extends from the confluence of the North Fork Encampment River and the 
Encampment River to the Grand Valley Ditch Diversion. 

Reach 2 extends downstream from the Grand Valley Ditch Diversion. 

The character of each reach and summaries of field observations are discussed in the 
following paragraphs. 
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Figure 3.5 - Encampment River Stream Reaches 
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3.3.1 Reach 1: Upstream of Grand Valley Ditch Diversion 

Reach 1 was classified as a stream 
type B3c according to the Rosgen 
system. Figure 3.6 displays a typical 
section of this reach. B-Type 
Channels tend to fonn downstream of 
headwater channels, in areas of 
moderate slope where the watershed 
transitions from headwater 
environments to valley bottoms. B
Type channels are characterized by 
moderate slopes, moderate 
entrenchment, and stable channel 
boundaries. Due to the relatively 
steep channel slopes and stable 
channel boundaries, B-Type channels 
are moderately resistant to human 
impacts, although, their reduced slopes 

Figure 3.6 - Typical Section of Encampment 
River within Reach 1 

relative to headwater areas can make them prone to sediment deposition and subsequent 
adjustn1ent following a large seditnent transport event such as an upstream landslide, debris 
flow, or flood. 

The reach has a relatively low slope in relation to B-Type channels (0.010 ft/ft) and is only 
slightly entrenched. Consequently, the reach is given the "c" sub-designation indicating it is 
transitional between upstream B-Type channel and a C-Type downstream channel. 

The channel perimeter within this reach consists of coarse gravel, cobbles, and small 

Figure 3.7 - Bed Material within Reach 1 
(Tape is extended 2 feet for scale) 

boulders (Figure 3.7). Sediment transport in 
the reach is event driven, such that sedin1ent 
is mobilized only when the flow energy is 
sufficient to mobilize the coarse bed 
material. During large flow events, some of 
the large boulders have been transported 
downstream and are evident in the channel. 
Some fine material is evident in the upper 
banks with lower banks consisting of 
sands/gravels/small cobbles. A geologic 
bedrock control reportedly exists in the 
channel bed in the vicinity of the Cherokee 
Diversion dam providing vertical control. 
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Reach 1 appears to be both laterally and 
vertically stable. Little evidence of bank 
erosion was encountered. Streambanks are 
typically well vegetated and on the order 
of2-feet to 3 feet high (Figure 3.8). 

3.3.2 Reach 2: Downstream of the 
Grand Valley Ditch Diversion 

Reach 2 was classified as a stream type C3 
according to the Rosgen system. C-Type 
Channels are typic all y characterized by 
relatively low slopes, meandering 
planforms (i.e., the shape one would see if 
viewing from above, as in a map or aerial 

Figure 3.8 - Typical Streambank Conditions 
of the Encampment River Within Reach 1. 

photo), and pool/riffle sequences. The 
channels tend to occur in broad alluvial 
valleys, and they are typically 
associated with broad floodplain areas. 
C-Type channels tend to be relatively 
sinuous, as they follow a meandering 
course within a single channel thread. 
In stream systems in which the 
boundaries of C-Type channels are 
composed of fine-grained alluvial 
sediments, channels tend to be dynamic 
in nature, and susceptible to rapid 
adjustment in response to disturbance. 

Reach 2 is characterized by the 
initiation of depositional features 
within the channel: lateral, mid
channel, and alternate bars. The 
presence of these features is evident in 
Figure 3.9. This figure displays a 
portion of the aerial photo taken in the 
vicinity of the Hwy 230 bridge 
crossIng. 

Figure 3.9 - Sediment Deposition Features within Reach 2 of the Encampment River 
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Downstrealn of the Hwy 230 
bridge, evidence of historic 
meanders increases as indicated 
in the aerial photograph 
displayed in Figure 3.10. 

Figure 3.11 displays a typical 
section of this reach. Note the 
initiation of alternate and lateral 
bars within the reach indicating 
a lower gradient, depositional 
environment. Within this reach, 
the channel gradient drops 
slightly in relation to Reach 1 
(0.008 ft/ft). 

Bed material in this reach 
appears to be only slightly 
slnaller than that of the upper 
reach. The channel armor layer 
consists of cobbles and small 
boulders. The stream channel 
widens in relation to Reach 1. 
Typical channel widths are 
approximately 130 feet to 150 
feet wide at bankfull stage. 

Figure 3.10 - Encampment River Meander Scar 
Downstream ofHwy 230 Crossing 
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Streambank erosion is more prevalent than in the upstream reach indicating lateral migration 
typical of a C-Type channel (Figure 3.12). 

Figure 3.11 - Typical Section of the 
Encampment River within Reach 2 

Figure 3.12 - Streambank Erosion within 
Reach 2 of the Encampment River 
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3.4 Geomorphic Assessment 

Several geomorphic tools and concepts were explored to assess the existing condition of the 
Encampment River and to predict potential channel response to the proposed improvements. 
These included: 

• Evaluation of bankfull discharge concepts and the impacts of agricultural diversions on 
channel conditions; 

• Comparison of channel alignment based upon historic aerial photographs; 
• Analysis of incipient motion to evaluate mobility of bed materials; 
• Evaluation of Lane's principal relating geomorphic characteristics. 

Results of these efforts are summarized in the following sections. 

3.4.1 The Role of Bankfull Discharge 

Bankfull discharge is defined as "the discharge at which channel maintenance is the most 
effective, that is, the discharge at which moving sediment, forming or removing bars, 
forming or changing bends or meanders, and generally doing work that results in the average 
morphologic characteristics of channels" (Dunne and Leopold, 1978). This is generally 
accepted to correspond with a flood event occurring at the 1.5-year to 2-year interval. The 
relative elevation of bankfull stage within the study reach was identified by observing 
several key indicators, including: the presence of a floodplain, depositional features, 
vegetative indicators, staining on rocks, etc. Hydraulic modeling indicates the discharge 
associated with this stage is on the order of approximately 1,900 cfs to 2,000 cfs. This 
corresponds favorably with the flood frequency analysis conducted for the USGS stream 
gaging station on the Encampment River near its mouth (USGS Station 06625000 -
Encampment River at Mouth, Near Encampment, WY). Based upon a flood frequency 
analysis of 64 years of peak flow data, this flow corresponds to approximately 1.5-year 
event. 

Diversion capacity of the key ditches in the study area total nearly 200 cfs during periods 
when "excess water" exists (i.e., high flow conditions). This value corresponds to 
approximately 10 percent of the bankfull discharge. These "clearwater" diversions may 
contribute to sedimentation downstream by disrupting the equilibrium between sediment 
supply and the river's sediment transport capacity. This relationship is discussed in greater 
detail in subsequent sections. However, it is important to note here the concept that when 
stream discharge is reduced without a corresponding reduction in sediment supply, the river 
responds by depositing sediment, particularly coarse grained materials such as those found in 
the Encampment River. During lower flow conditions, diversions are reduced the range of 
approximately 63 cfs (single appropriation) to 126 cfs (double appropriation). These 
diversions likely have a similar effect upon the transport of finer grained materials. 
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3.4.2 Aerial Photo Analysis 

To investigate the magnitude of lateral migration of the Encampment River channel, an 
effort was made to compare historic aerial photographs of the reach. At the time of this 
investigation, the only photos made available represented 1988 and 1994 coverage. 
Unfortunately, the short lapse in time between the two photos precluded comprehensive 
analysis of lateral movement of the channel banks. Comparison of the photos failed to show 
any migration during that time frame. This observation, combined with field observations of 
minimal evidence of lateral channel migration, indicates that the Encampment River is stable 
with only minor instances of bank erosion typical of rivers in this environment. 

3.4.3 Incipient Motion Analysis 

An additional analysis was conducted to evaluate the mobility of the bed materials as an 
indication of vertical stability within the study reach. The mobility of the bed materials was 
determined through an evaluation of incipient motion. Incipient motion refers to the 
condition where the hydrodynamic forces acting on a grain of sediment are of sufficient 
magnitude that, if increased even slightly, the grain will move. In cases where there is a 
significant amount of coarse material (gravel and cobbles) in the bed, the relative 
susceptibility of the channel bed to degradation can be evaluated by analyzing the magnitude 
of flows required to produce incipient motion conditions. 

Incipient motion conditions are analyzed using the Shields Relation which is given by: 

(1) 

where 

diameter of the sediment particle at the incipient motion conditions 
bed shear stress 
specific weight of sediment 
specific weights of water 

For the purposes of this analysis, ~c was determined from the following relationship: 

where 

hydraulic depth 
slope of the energy gradeline 
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The results of the incipient motion analysis indicated that the critical particle size was less 
than 5 inches. Given the nature of the bed material within the study reach, degradation of the 
bed is limited. Furthermore, the potential to armor the bed by the large size fractions within 
the bed material is high. Consequently, degradation or erosion of the channel bed within the 
study reach is limited and indicates that the channel bed is relatively stable. This conclusion 
was verified by the observations noted during the field investigation. 

3.4.4 Lane's Principal 

In conjunction with the use of existing information, a number of geomorphic relationships 
are available that can provide insight on the general characteristics of a channel and its 
response to various impacts or changes. These relationships provide a qualitative 
understanding that can assist in the geomorphic assessment of the study reach under both 
existing conditions and conditions with the improvements to the diversion structures. 

A basic physical process that occurs in a channel is the long-term tendency to achieve a 
balance or equilibrium between the product of water flow and channel slope and the product 
of sediment discharge and sediment size. Lane's principle (Lane, 1955) is the most widely 
known geomorphic relation embodying this equilibrium concept and is described as follows: 

QS 00 QsD50 (3) 

Where Q is the water discharge, S in the channel slope, Qs is the sediment discharge and D50 
is the median diameter of the bed material. Lane's principle was utilized to qualitatively 
characterize the geomorphic response of the Encampment River to two conditions: 

( a) the existing diversion structures associated with the Wagoner Ditch and Cherokee 
Ditch diversion structures; and 
(b) proposed improvements/rehabilitation of the Wagoner Ditch and Cherokee Ditch 
diversion structures. 

3.5 Existing Conditions 

This alternative represents the existing channel conditions within the study area. The results 
of the geomorphic evaluation of this alternative will be utilized as the baseline to measure 
the trends associated with improvements to the diversion structures. To facilitate the 
geomorphic evaluation, the study area was isolated into reaches upstream of the diversion 
structures, downstream of the diversion structures, and downstream of the Grand Valley 
Ditch diversion structure. 
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3.5.1 Typical Reach Above a Diversion Dam 

Application of Lane's principle in this portion of the study reach explains the local impact 
associated with the construction of a diversion dam. The construction of the diversion dam 
raises the base level of the channel and creates a backwater effect upstream of the structure. 
As the water and sediment conveyed within the channel encounters the pool created by the 
structure, most of the sediment deposits in the form of a delta that slowly advances 
downstream. The deposition of sediment at the entrance to the pool induces aggradation in 
the upstream channel. The channel aggradation may extend a significant distance upstream. 
In the case of the Encampment River, the steep channel slope limits the impact of upstream 
channel aggradation. Lane's principle provides an indication of the response. The decrease 
in slope (S-) created by the sediment deposition must correspond to a decrease in sediment 
discharge (Qs-) as indicated below: 

(4) 

3.5.2 Typical Reach Below a Diversion Dam 

Construction of a diversion dam provides a basin for the accumulation of sediment 
transported from the upstream watershed. The release of sediment-free water from the dam 
results in potential degradation in the downstream reach until the capacity of the water to 
transport sediment has been realized. Channel banks in this area may become unstable due 
to degradation and there is a possibility that the river, as the channel slope is reduced, may 
change its plan form. Through Lane's principle, the decrease in slope (S-) created by the 
channel degradation corresponds to a decrease in sediment discharge (Qs-) as indicated 
below: 

(5) 

For the Encampment River, the potential for channel degradation in these areas is limited by 
the size of the bed material and the potential for armoring of the channel bed. This 
conclusion was confirmed by the incipient motion analysis and field observations. 

3.5.3 Reach Below Grand Valley Ditch Diversion Dam 

Immediately downstream of the Grand Valley Ditch Diversion Dam, an initial lowering of 
the channel bed is anticipated due to deposition upstream of the diversion structure and the 
release of essentially clear water. In this short reach, Lane's principle would predict a 
decrease in slope (S-) created by the channel degradation corresponding to a decrease in 
sediment discharge (Qs-) as indicated below: 
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(6) 

As the pool behind the diversion dam fills with sediment, the sediment discharge is increased 
and is available to the downstream reach. Except for local scour immediately downstream of 
the diversion structure, the gradient will likely increase to the typical channel slope to 
transport the increase in sediment load as indicated below: 

(7) 

In general, the typical channel slope will be reduced as the channel progresses to the 
confluence with the North Platte River. Consequently, the reach downstream of the 
diversion structure will likely aggrade due to the excess of sediment remaining in the river as 
less sediment laden water is diverted. Furthermore, the size of the bed material is typically 
reduced. 

(8) 

Observations from the fieldwork and the review of aerial photographs confirm a marked 
change in the ability to transport sediment in the reach below the Grand Valley Ditch 
Diversion Dam. This work effort suggested an aggradational trend in this study reach. This 
is likely the result of the diversion of flow associated with the diversion structures coupled 
with the reduction in slope typically observed within the river system as the Encampment 
River approaches its confluence with the North Platte River. 
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3.6 Proposed Improvements 

Improvements to the diversion structures for the Wagoner and Cherokee Ditches will have 
minimal impacts on the river given the limited magnitude of these improvements. In 
general, these improvements will likely result in a minimal increase in the crest height 
compared to the existing diversion structures. The increase in height will not significantly 
change the overall trend of sediment deposition upstream of the structures or channel 
degradation downstream of the structures. Furthermore, the size of the existing bed 
materials will continue to limit the channel degradation given the potential to armor the 
channel bed. 

With respect to the reach below the Grand Valley Ditch Diversion Dam, aggradational trends 
will continue to occur as the natural channel slope decreases. This trend may be exacerbated 
by the efficiency of the proposed improvements associated with the Wagoner and Cherokee 
Ditches to divert water during all events less than or equal to the bankfull discharge. The 
diversion of relatively clear water will reduce the ability of the flows to transport sediment 
and this factor, coupled with the natural reduction in channel slope, will promote sediment 
deposition/aggradation in the lower reaches of the Encampment River. 
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3.7 Summary and Conclusions 

The geomorphic investigation consisted of the classification of the Encampment River using 
the Rosgen classification system and additional geomorphic assessment tools. A Level I and 
Level II characterization was completed. Observations of geomorphic function and stream 
channel condition were noted during a field reconnaissance conducted in support of the 
study. 

The Encampment River emerges from the mountains as a coarse grained, relatively confined, 
entrenched, B-Type channel. Upstream of the Grand Valley Ditch diversion, the channel 
was classified as a Type-B3c using the Rosgen classification system. This classification 
indicates the reach is transitional between a steeper confined mountain stream and a lower 
gradient, meandering downstream system. Bed materials are coarse grained; consisting of 
gravels, cobbles, and boulders. There was little evidence of streambank erosion within this 
reach. 

Downstream of the Grand Valley Ditch diversion, the river is a typical meandering Type-C3 
channel. Channel slope decreases as the river nears its mouth and with this reduction, the 
sediment transport capacity of the river is reduced accordingly. Evidence of this includes the 
increased frequency of alternate and mid-channel bars. 

Based upon the geomorphic classification, several conclusions can be made: 

• Incipient motion analyses indicate that degradation or erosion of the channel bed within 
the study reach is limited and indicates that the channel bed is relatively stable. This 
conclusion was verified by the observations noted during the field investigation. These 
observations include: ( a) the presences of an armor layer within the channel bed 
consisting of large cobbles/small boulders; (b) minimal erosion of the toe of the channel 
banks; and (c) presence of a geologic grade control in the vicinity of the Cherokee Ditch 
Diversion Dam. 

• Laterally, the channel appears to be relatively stable throughout the study reaches. Little 
evidence of streambank erosion was encountered upstream of the Grand Valley Ditch 
diversion indicating the stream is laterally stable. Downstream of the diversion, there is 
some evidence of bank erosion as would be expected with a meandering stream. 
Comparison of aerial photographs supports this conclusion. 

• Agricultural diversions may disrupt the equilibrium between sediment supply and 
sediment transport capacity resulting in increased deposition of coarse and fine-grained 
materials downstream. 
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• Proposed improvements to the diversion structures for the Wagoner and Cherokee 
Ditches will have minimal impacts given the limited magnitude of these improvements 
on the river. The design of the structures should strive to maintain a low crest profile 
(profile should be sloped from the highest elevation near the banks to the lowest elevation 
at the center of channel) to optimize the hydraulic diversion efficiency during the 
relatively low flows in the river while minimizing the backwater created by the structure 
during the flood events. In addition, the diversion structures should be integrated into the 
existing channel banks in a manner that would prevent downstream bank erosion and 
ensure the overall stability of the channel banks. This can be accomplished by aligning 
the structure in a concave manner with the center if the structure located upstream of the 
ends of the structure. 

• The coarse-grained nature of existing bed materials will continue to limit the channel 
degradation given the potential to armor the channel bed. 
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4. CONCEPTUAL DESIGN 

4.1 General 

The purpose of the conceptual design was to identify potential improvements to the 
existing irrigation facilities. More specifically, evaluate improvements designed to 
increase system efficiency by combining the Wagoner and Cherokee diversions and 
reducing seepage. 

Several options were analyzed as part of the Level I Study. There were two main 
options; two separate diversion structures in the Encampment River, or one combined 
diversion structure. A combined diversion structure is more economical. By combining 
the diversions, the Cherokee Ditch needs to be enlarged to carry both appropriations until 
the Wagoner Ditch flows are diverted into the Wagoner Ditch. Seepage is also a concern 
but remedies are expensive; the Level I report recommended attempting to locate areas of 
higher seepage. This would allow seepage treatment in specific areas. Different types of 
seepage treatments were evaluated. 
• Concrete lining 
• Geosynthetic clay liner 
• Bentonite treatment 
• Polypropylene liner 
• Polyacrylamide (PAM) treatment 
• Liquid polymer treatment 

The conceptual design of the diversion structures was based on the criteria developed by 
the District and the WWDC in the preliminary meetings for the Level I report. The 
criteria are as follows: 
• Minimize increase in high water level and promote passage of kayaks and rafts during 

periods of high water. The structure should pass high water flows with minimal 
overbank flow. 

• Bypass sediment and debris during high flows. 
• Hydraulically efficient to divert water into the headgate structure during periods of 

low flow. 
• Facilitate the passage of fish. 
• Blend in with the natural environment. 
• Exclude fish from entering the irrigation ditch. 

The design capacities for the ditch alternatives were developed using the lands 
historically irrigated which Table 4.1 summarizes. The same capacities were used in the 
Level I. The design capacities in Table 4.1 do not correlate with the diversion records at 
the State Engineers Office listed in Section 1.2. The District is in the process of 
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organizing their water rights. The single appropriation is based on one cfs per 70 acres. 
For purposes of this report, the surplus water capacity is based on two cfs per 70 acres 
and three cfs per 70 acres for the excess water capacity. The designs were evaluated for 
excess water capacity, 190 cfs. 

Table 4.1 - Design Capacities for Ditch Alternatives 

er 
Cherokee 2150.0 30.7 61.4 92.1 

Other 
1173.3 16.8 33.6 50.4 . tors 
Totals 63.4 126.8 190.2 
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4.2 Encampment River Obermeyer Diversion Structure Conceptual 
Design 

A proposed Obermeyer diversion structure was conceptually designed that would best 
incorporate all the District's goals. This section will give an overview of the diversion 
structure, discuss the height of the Obermeyer gates, and discuss the conceptual design 
considerations. 

4.2.1 Obermeyer Diversion Structure Overview 

The Obermeyer diversion structure would be located slightly downstream of the existing 
Cherokee diversion structure. The river is approximately 85 feet wide at this point. The 
proposed diversion structure including the headgate structure would be approximately 
160 feet long. The central portion of the structure would incorporate 4.5-foot tall 
hardened-steel Obermeyer gates that would be 60 feet wide. The Obermeyer gates would 
be installed on a concrete crest section. The top elevation for the Obermeyer gates would 
be 7184 feet. The concrete crest section would be placed on a foundation of fill concrete 
that extends to the bedrock. In addition, a concrete cutoff wall would be constructed into 
the bedrock to provide a seepage cutoff. The overflow sections on either side of the 
Obermeyer gates would be constructed of grouted rip rap that extends to the bedrock. A 
seepage cutoff would be created by extending the grouted riprap to the bedrock. The 
grouted riprap overflow sections would have a total length of approximately 55 feet. The 
conceptual design would incorporate both grouted rip rap and riprap located both 
upstream and downstream of the diversion structure for erosion protection. Riprap for 
the proposed structure would be salvaged from the existing Cherokee and Wagoner 
diversion structures. A plan and profile of the diversion structure can be seen in Figure 
4.1 and the cross-sectional details for the diversion structure can be seen in Figure 4.2. 

The headgate structure would be a 13-foot tall structure constructed of reinforced 
concrete. The structure would occupy a footprint that is 22 feet long by 13 feet wide. 
The top elevation of the structure would be 7192 feet. The structure would incorporate 
three manually operated 54-inch square slide gates to allow the water to flow into the 
Cherokee irrigation ditch. An operating platform would allow for easy access to both the 
operating lifts for the slide gates and the trash racks. The headgate structure would be 
designed to pass up to 190 cubic feet per second. The structure also would incorporate 
trash racks to exclude larger debris from entering the headgate structure. These trash 
racks would require periodic cleaning. The trash racks would be cleaned by using a rake 
to remove the debris from the trash rack. Removable fish screens can also be installed 
over the trash racks. However, these fish screens would have to be cleaned frequently, as 
they are very prone to debris blockage. Figure 4.3 shows the plan, profile, and front 
views for the headgate structure. 
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The conceptual design of the diversion structure would also incorporate reinforced 
concrete retaining walls. The retaining walls would have the same top elevation as the 
headgate structure. The first retaining wall would be approximately 55 feet long and 
would be located north of the headgate structure. The purpose of this retaining wall 
would be to help keep the high flows of the river within the riverbanks. The headgate 
retaining walls would be approximately 20 feet long and would be located southeast of 
the headgate structure. The purpose of these retaining walls would be to provide access 
to the headgate structure as well as to prevent additional water from seeping into the 
irrigation ditch. The location of the retaining walls can be seen in Figure 4.1. 

A control building would be located on top of the east embankment of the diversion 
structure. The control building would house an air compressor, an air tank, air valves, 
piping, and a gate control system. The control building would be approximately ten feet 
by ten feet in size. The control building would also incorporate heating and lighting. 
Electric power would be required to run the equipment within the control building. The 
project sponsors prefer that a generator be used to operate the equipment within the 
control building. The location of the control building can be seen in Figure 4.1. 

A Parshall flume constructed of reinforced concrete would be installed approximately 
130 feet downstream of the headgate structure. The Parshall flume would have a throat 
width of 10 feet and would be able to measure flows from six to 200 cubic feet per 
second. Riprap would be placed both upstream and downstream of the Parshall flume for 
erosion protection. Figure 4.4 shows the plan view of the Parshall flume. 

A ford is proposed downstream of the Parshall flume for equipment access to the other 
side of the irrigation ditch. The location of the ford is shown in Figure 4.4. 

4.2.2 Obermeyer Diversion Structure Design Considerations 

The height of the Obermeyer was determined by first calculating the head loss for the 
flow appropriations of 63, 126, and 190 cubic feet per second. The head loss calculations 
take into account the head loss across the headgate structure and the Parshall flume. 
Table 4.2 shows the head loss for each flow appropriation. 

Table 4.2 - Head Loss 

63 cfs 0.85 ft 

126 cfs 0.70 ft 

190 cfs 1.25 ft 

4-4 



The Parshall flume causes the head loss to be higher for the 63 cubic feet per second flow 
appropriation than for the 126 cubic feet per second flow appropriation. Both the 126 
and 190 cubic feet per second flow appropriations discharge through the flume in a 
submerged flow condition. Discharging through the flume in a submerged flow 
condition does not affect the accuracy of the flume. The 63 cubic feet per second flow 
appropriation discharges through the flume in a free flow condition. Flow through the 
flume in a submerged flow condition results in a lower head loss than flow through the 
flume in a free flow condition. 

Each flow appropriation requires a certain amount of head in the irrigation ditch in order 
for the water to be able to flow through the irrigation ditch. Table 4.3 shows the amount 
of head that is required in the irrigation ditch for each flow appropriation. 

Table 4.3 - Maximum Water Level in Irrigation Ditch 

63 cfs 7184.00 ft 

126 cfs 7183.80 ft 

190 cfs 7183.25 ft 

Therefore, by adding how much head loss will occur in the headgate structure and the 
Parshall flume (Table 4.2) to how much head is required in the irrigation ditch (Table 
4.3), we can determine what the water elevation must be in the river in order to divert 
each flow appropriation. This information is shown in Table 4.4. 

Table 4.4 - Required Water Elevation in Encampment River 

63 cfs 7184.00 ft 

126 cfs 7184.35 ft 

190 cfs 7185.40 ft 

Therefore, the top elevation of the Obermeyer gates (7184 feet) would be located such 
that there is enough head available to divert the 63 cubic feet per second flow 
appropriation provided that there is enough water in the river. However, more head will 
be required to divert the 126 and 190 cubic feet per second flow appropriations. In order 
to divert the 126 cubic feet per second flow appropriation, the water level must have an 
elevation of approximately 7184.35 feet. In order to divert the 190 cubic feet per second 
flow appropriation, the water level must have an elevation of approximately 7185.40 feet. 
The water levels required to divert the 126 and 190 cubic feet per second flow 
appropriations are shown in Figure 4.2. 
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4.2.3 Obermeyer Diversion Structure Conceptual Design Considerations 

Obermeyer gates are very versatile. Obermeyer gates can be raised or lowered to account 
for the conditions of the river. During periods of high flow, the Obermeyer gates can be 
lowered entirely to the riverbed so that the flows can be passed. During periods of low 
flow, the Obermeyer gates can be raised so that there is an adequate water level for 
diversion. The gates are adjusted by use of reinforced polyester inflatable bladders. The 
air bladders are inflated by the use of a compressor system located within the control 
building. The gate system can be designed to automatically raise or lower the gates to 
maintain a constant predetermined water level upstream of the gates. 

The most common type of diversion structure before the development of the Obermeyer 
gates was a solid crest across the stream. This type of crest has several serious 
shortcomings. One of these shortcomings is that the area behind the crest would fill up 
with sediment, which would funnel the sediment towards the intake. Another 
shortcoming is that the crest section would cause the riverbed upstream of the structure to 
rise resulting in increased flood water levels. 

The problems that are encountered with the solid crest diversion structure are not 
encountered with the Obermeyer gates diversion structure. Since the gates can be 
lowered, the sediment deposited in the area behind the crest section can be flushed at any 
time. 

The capacity of the river channel with the existing diversion dam partially washed out is 
estimated to be about 2,000 cubic feet per second. However, according to the United 
States Geological Survey (USGS), the largest floods on record for the Encampment River 
are approximately 4,000 cubic feet per second. According to landowners in the area, the 
Encampment River does not overflow its banks until flows reach approximately 3,000 
cubic feet per second. USGS data shows that flows of 3,000 cubic feet per second occur 
on a regular basis. Therefore, any proposed structure should be designed to pass flows of 
up to 3,000 cubic feet per second. The proposed diversion dam would allow the capacity 
of the river channel to increase to about 3,000 cubic feet per second. Construction of this 
diversion dam would not allow the flood water levels to rise above what they currently 
are. 

Overall, the Obermeyer diversion structure meets all of the District's criteria. The 
structure does not allow an increase in high water and it would allow the passage of 
kayaks and rafts in high water. The structure would also be able to bypass sediment and 
debris during high flows. The structure would be able to divert water during periods of 
low flows. The structure would also allow the passage of fish and it could exclude the 
fish from entering the irrigation ditch. In addition, the structure would be aesthetically 
pleasing. 
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4.3 Encampment River Rock Weir Diversion Structure Conceptual 
Design 

A rock weir diversion structure was also investigated and conceptually designed. This 
section will give an overview of the diversion structure and discuss the conceptual design 
considerations. 

4.3.1 Rock Weir Diversion Structure Overview 

A rock weir diversion structure is created by strategically placing boulders in the river. 
These boulders cause the water in the river to lose velocity. Since the velocity is 
impeded, the water level in the river increases. The increase in water level allows the 
water to be diverted into a canal. The canal can then deliver the water to the irrigation 
ditch. 

Placing individual structures at both the Cherokee and the Wagoner sites was evaluated; 
however, this option quickly became cost prohibitive and was not investigated any 
further. The structure that was investigated uses a combined structure at the Cherokee 
site. 

The location of the rock weir diversion structure in the river is controlled primarily by 
how much elevation head is needed in the irrigation ditch. In order for there to be enough 
elevation head in the Cherokee irrigation ditch, the rock weir structure needs to be placed 
at least 900 feet upstream of the existing Cherokee diversion structure. However, this 
location is inopportune because the river is wide and there is a curve in the river at this 
point. This curve turns towards the east meaning that the water in the river is going to be 
forced over to the western bank. At this location, the canal would also have to be placed 
near the western bank of the river since most of the water is near the western bank. 
Placing the canal on the western bank would force the canal to cross the river since the 
irrigation ditch is on the eastern bank. In order for the canal to remain on the eastern 
bank of the river, the rock weir diversion structure should be located approximately 1,200 
feet upstream of the existing Cherokee diversion structure. Figure 4.5 shows a plan detail 
of the site. 

The design of the rock weir diversion structure can be seen in Figure 4.6. Footer rocks 
and header rocks will be used to construct the rock weir structure. The footer rocks will 
have a diameter between 48 and 72 inches and the header rocks will have a diameter 
between 24 and 36 inches. These rocks are handpicked to be the correct size and shape. 
The rocks are organized into a "V" configuration with the point of the "V" facing 
upstream. When complete, the upstream point of the "V" must be the lowest point in the 
rock weir structure. The length of the rock weir structure will be approximately 50 feet. 
To help reduce erosion, the header rocks are placed on the upstream side of the footer 
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rocks. A riprap pool will be located on the downstream side of the structure to help 
prevent erosion. Header rocks are also placed into the banks to help protect the banks 
from erosion. These header rocks must be placed a minimum of 15 feet into the banks. 

The canal that delivers the water to the irrigation ditch will be constructed of grouted 
rip rap as seen in Figure 4.7. Grouted rip rap was chosen because it is watertight and more 
cost effective than concrete. The canal will follow the cliff that is located along the 
eastern bank. The canal will be trapezoidal shaped. It will have a bottom width of 10 
feet with side slopes of one-to-one. The west bank of the canal will be 5.75 feet high. 
The east bank of the canal will be placed up against the walls of the cliff that parallel the 
stream. The design of the canal allows it to carry the excess water capacity (190 cfs) 
without allowing the water to overflow the canal's banks; however, any water quantity 
more than the excess water capacity will flow over the west bank and back into the river. 
The large quantity of riprap that is required for this structure will require that rip rap be 
imported from another site. The canal will have a slope of 0.1 %. Fill concrete will be 
used to create a seepage cutoff between the bottom of the canal structure and the bedrock. 
The structure is protected from washout because the structure extends to the bedrock and 
the structure is placed near the edge of the cliff. 

The intake structure to the canal extension can also be seen in Figure 4.7. The intake 
structure will have a length of 30 feet and a width of 22.5 feet. The length of the intake 
structure was determined by the flow requirements of the District. Assuming that the 
rock weir diversion structure would cause the water level in the river to rise by one foot, 
it was determined that the length of the intake structure must be at least 30 feet in order to 
be able to divert the single appropriation (63 cfs). At this length, the surplus water 
capacity (126 cfs) would require a water depth of approximately 1.5 feet and the excess 
water capacity (190 cfs) would require a water depth of approximately 2.0 feet. In order 
to achieve a water depth of one foot, the river's flow rate must be approximately 104 
cubic feet per second. In order to achieve a water depth of 1.5 feet, the river's flow rate 
must be approximately 225 cubic feet per second. In order to achieve a water depth of 
two feet, the river's flow rate must be approximately 395 cubic feet per second. The 
width of the intake structure was determined by the width of the canal. The elevation of 
the west wall of the intake structure will be at the same elevation as the streambed. The 
south and east walls of the intake structure will be at the same elevation as the east bank 
of the canal. 

The headgate structur~, reinforced concrete retaining walls, and the Parshall flume will be 
the same as previously described in Section 4.2.1. Figure 4.8 shows how the headgate 
structure integrates with the canal. 
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4.3.2 Rock Weir Diversion Structure Design Considerations 

There are shortcomings with the rock weir diversion structure. First, the rock weir 
diversion structure will not be as reliable as the Obermeyer diversion structure. The rock 
weir diversion structure will not allow the District to divert all of the water in the river. 
Rock weir structures were created to prevent channel erosion or to stabilize channels 
while allowing fish passage. These structures were created to allow water to flow 
through them instead of being used to divert water. 

Securing the necessary construction permits for the rock weir structure may prove to be 
difficult. Since this structure would be considered a new structure, a u.S. Army Corps of 
Engineers 404 permit would be required. In order to construct the canal that the structure 
requires, many trees would have to be removed to allow access for the construction 
equipment. It is also very likely that wetlands and riparian areas will be adversely 
affected if construction were to take place for this rock weir diversion structure. 

The length of the canal extension makes this alternative economically unfeasible. The 
canal extension would have to be relatively short to make this alternative feasible. 
However, the dynamics of the river require that the canal extension be a minimum of 
1,200 feet long. 

Overall, the rock weir structure does not meet all of the District's criteria. The structure 
would allow the passage of kayaks and rafts and it would bypass sediment and debris 
during high flows. The structure would also facilitate the passage of fish and it could 
prevent the fish from entering the irrigation ditch. However, the structure would increase 
the overbank flow during high water. The structure would not blend in with the natural 
environment very well. Most importantly, the structure would not be hydraulically 
efficient to divert water into the headgate during periods of low flow. 
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4.4 Combined Ditch Conceptual Design 

The conceptual design includes combining the ditches from the proposed diversion to the 
Wagoner Ditch spillway; this is shown on the plan and profile sheets, Figures 4.9 and 
4.10. As a request of the District, the proposed ditch was designed for 190 cfs. 

The ditch design consists of a typical ditch section except through the rock outcrop area. 
The landowner has specified that no rock excavation will be permitted. The majority of 
the rock outcrop is on the east side of the ditch, from Station 105+00 to Station 109+00. 
Through the rock outcrop the existing conditions were used in the hydraulic analysis. For 
the remaining portion, the ditch was modeled as trapezoidal with a bottom width of 15 
feet, a depth of 4.0 feet with 1 foot of freeboard. Three to one side slopes will be used 
except where physical constraints do not allow. 

The landowners will not permit rock excavation through the rock outcrop. As a result, the 
ditch section cannot be modified through the rock outcrop reach which would be required 
to lower the water surface elevation. Therefore the rock outcrop is the limiting factor to 
lowering the water surface elevation. The proposed cross sections of the combined ditch 
are in Appendix B. 
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4.5 Wagoner Ditch Diversion and Drop Structure Conceptual 
Design 

For one diversion structure located at the Cherokee diversion site, the water for both 
ditches will be carried in the enlarged Cherokee Ditch. The Wagoner Ditch flows will be 
diverted at the transition ditch diversion and drop structure. The diversion structure was 
designed to divert half of the design capacity, 95 cfs, back into the Wagoner Ditch while 
maintaining the other half in the Cherokee Ditch. The separation of the flows will be 
performed by adjusting the slide gates. The diversion structure will be constructed of 
reinforced concrete with slide gates. A detail of the proposed diversion structure can be 
seen on Figure 4.11. 

4-21 



in 

ABANDON EXISTING 
WAGONER DITCH 

.-l 
0 

0 
t-
.-l 
0 

~ 
0 
~ ..... 
• 
T""" 

r" 
I"') 

COMBINED WAGONER & 
CHEROKEE DITCH • 

in 

CONCRETE FLOOR 

DROP=2.66' 

. WAGONER DITCH 

.. . ~ ' ...... . 

. :,.:" ," ....... ~ ... 

.------B 

'. > '.:~ ;;. ~.> .•... 
,.", .:.;.' o6. ,. 10 

10' 30' 

30' 

TRANSITION DITCH 

SLOPE=0.005 FT/FT 

PLAN 

CHEROKEE DITCH 

... ..' '. ' .... ' ,,''',: .: '., 

COMBINED WAGONER & 
CHEROKEE DITCH 

..; ·.':~: .. ::.c': ......... ~ ... , .. :.:.< ..... ; ',!.o.: •• : •••••••••. ':'-:., '.:.:' •• ,. •• ,;4\'10 ••.• : .... ::: 

T 

TRANSITION INTO EXISTING 
WAGONER DITCH 

260' DOWNSTREAM SPILLWAY 

TRANSITION INTO EXISTING 
CHEROKEE DITCH 

48"W 48"H 

A 
x 

SLIDE GATE 

I ; .. 
CHEROKEE DITCH 

1-. 
. ... : '. .' .. ' .. 

:' •• 0 ... : • ~ :":' ....... ~, 0 0 ; ..... ,,' . : .:. ;1 •. 
J"lJ"lJ"l~ J"lRJ"l~~J:;~ 

SECTION A-A 

J"l~ - -

SECTION B-B 

SLOPE=0.005 FT 1FT 
WAGONER DITCH 

• o6. " :,6 "o6 -: .~. ..... ;. .... ... •••• • ..', ~':".'''. ., 

"0 • .l'o. ~: ,"" :' .o6 ' •• ,', ..... : ..... t ":"', '. ,:' ", ~".'.'~ : • .1' h.:'. .,':. .•.• ~ .... ~: .",. ~ .. ~ '" . 

SECTION C-C PMPC 
JOB NO. 7274.011 

118 E. BRIDGE AVE. P.O. BOX 370 FILE NO.STRUCTURLDWG FIGURE 4.11 
SARATOGA. WYOMING 82331 SCALE: NTS RANSITION DITCH DIVERSION STRUCTURE 

CML ENG~EERS ~7-~~8~1 ~DRA~W~N~~~:~K~ffi~~~~~~~~~~~GO=N=ffi~C~H~ffi~~~E;E~-=L;~=L=1~I S=ru~D~Y~~~~~~ 4-22 

SHEET 

DATE: 10-08-04 WYOMING WATER D~LOPMENT COMMISSION 



4.6 Seepage Treatment Options 

Seepage treatment alternatives evaluated include concrete lining, geosynthetic clay 
lining, polypropylene lining, bentonite treatment, shotcrete lining, a polyacrylamide 
treatment and a liquid polymer treatment. All of these options with the exception of the 
shotcrete lining, the polyacrylamide treatment and the liquid polymer treatment were 
evaluated in the Level I study. Explanations, advantages and disadvantages of these 
options from the Level I can be reviewed in Appendix E, Seepage Treatment Alternatives 
from Level I. Shotcrete was evaluated for the rock outcrop area only. 

Polyacrylamide (PAM) is an environmentally friendly flocculent added directly to the 
water in one of the three forms - dry granular, tablet, or liquid. The liquid can also be 
sprayed in the ditch prior to turning on the water in the ditch. P AM causes the suspended 
particles in the water to settle and seal the ditch to reduce seepage. PAM is applied once 
or twice each year and is not a permanent solution but is economical. The District can 
oversee and implement the P AM treatment. 

PAM is a new technology and is in the preliminary stages and studies. More defined 
research and results will be available prior to Level III construction. The anticipated 
reduction in seepage is unknown; the results vary from 25% to 90% seepage reduction. 
For the analysis in this study 50% seepage reduction was used. One concern is the 
seepage from the Cherokee Ditch entering the Wagoner Ditch and loosening the PAM 
settled particles and reducing the effectiveness of the P AM in the Wagoner Ditch. 

The liquid polymer treatment is a liquid polymer emulsion and can be either poured into 
the water or mixed with the soil. For the dry method the liquid polymer should be mixed 
with 12 inches of material and compacted in the ditch. For the waterborne method, the 
liquid polymer needs to be installed in still water. It would be necessary to dam each end 
of the ditch to ensure the water is not moving. For the seepage analysis an eighty percent 
seepage reduction was used. Freeze/thaw is a concern during cold weather conditions for 
the waterborne method. There are two solutions to the freeze/thaw problem which are to 
keep water in the ditch all year long or place soil six inches deep on the ditch section. 
The six inches of material would be difficult to place on the side slopes. For the dry 
method freeze/thaw and animal traffic are not a concern. The dry method is the 
recommended alternative and a warranty only applies with this method. The liquid 
polymer is a vegetable oil based product and can coat the gills of fish causing suffocation. 
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4.7 Operating Plan 

The existing diversion structures require extensive labor and maintenance to maintain and 
involve equipment operating in the Encampment River. A combined ditch and one 
diversion structure will require less maintenance effort. Debris removal will be required, 
although the proposed structure minimizes the work necessary. At high flows the debris 
will bypass the gates, although this will need to be monitored. Fish screens have been 
incorporated into the proposed diversion structure, but can be taken out at the discretion 
of the District. 

The proposed alternative consists of a 10-foot Parshall flume at the diversion and use of 
the existing Parshall flumes in the Cherokee and Wagoner Ditches. The three flumes will 
simplify administration of the water in the ditches. 
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5. CONCEPTUAL COST ESTIMATES 

Based on the conceptual designs presented in Chapter 4, cost estimates have been 
prepared. The cost estimates include costs for construction components, construction 
engineering, preparation of final design plans and specifications, permitting and 
mitigation, legal fees and acquisition of access and rights of way. Construction costs 
were calculated using 2004 material and labor costs, then increased using projected 
inflation numbers to approximate 2006 construction costs. Construction engineering 
costs were estimated at ten percent of the construction costs. A fifteen percent 
contingency was added to the construction and construction engineering costs in 
determining a total estimated construction cost. 
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5.1 Encampment River Obermeyer Diversion Structure 

The conceptual cost estimate for the Encampment River diversion structure can be seen 
in Table 5.1. 

Table 5.1 - Obermeyer Diversion Structure Cost Estimate 

Estimated Unit 
Total 

No. Item Unit 
Quantity Price 

Estimated 
Price 

1 Mobilization LS nec. $15,500 $15,500 

2 Fill Concrete CY 72 $100 $7,200 

3 Structural Concrete CY 140 $300 $42,000 

4 Retaining Walls CY 90 $250 $22,500 
5 Overflow Gates SF 270 $400 $108,000 

6 Grouted Riprap CY 390 $100 $39,000 

7 Riprap CY 450 $30 $13,500 

8 Headgate Structure 
Concrete CY 35 $400 $14,000 
Trash Racks LB 5,560 $1.50 $8,340 

Grating SF 100 $25 $2,500 
Hand Rail LF 20 $20 $400 
54" Slide Gates EA 3 $6,000 $18,000 
Fish Screens SF 260 $50 $13,000 

9 10' Parshall Flume 
Concrete CY 30 $400 $12,000 
Riprap CY 35 $30 $1,050 

10 Electric Power LS nec. $5,000 $5,000 

Subtotal $321,990 
10% Construction Engineering $32,199 

Subtotal $354,189 
15% Contingency $53,128 

Total Construction Cost $407,317 
Preparation of Final Designs and Specifications $35,000 

Permitting and Mitigation $5,000 

Legal Fees $0 

Acquisition of Access and Rights of Way $5,000 

Total Project Cost (2004) $452,317 

Total Project Cost (2006) $489,860 
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5.2 Encampment River Rock Weir Diversion Structure 

The conceptual cost estimate for the rock weir diversion structure can be seen in Table 
5.2. 

Table 5.2 - Rock Weir Diversion Structure Cost Estimate 

Estimated Unit 
Total 

No. Item Unit Estimated 
Quantity Price 

Price 

1 Mobilization LS nec. $40,000 $40,000 

2 Fill Concrete CY 1,700 $100 $170,000 

3 Retaining Walls CY 90 $250 $22,500 

4 Rock Weir Structure CY 350 $150 $52,500 

5 Grouted Riprap CY 4,750 $100 $475,000 

6 Intake Structure CY 55 $300 $16,500 
7 Headgate Structure 

Concrete CY 35 $400 $14,000 
Trash Racks LB 5,560 $1.50 $8,340 
Grating SF 100 $25 $2,500 
Hand Rail LF 20 $20 $400 
54" Slide Gates EA 3 $6,000 $18,000 
Fish Screens SF 260 $50 $13,000 

8 10' Parshall Flume 
Concrete CY 30 $400 $12,000 
Riprap CY 35 $30 $1,050 

Subtotal $845,790 
10% Construction Engineering $84,579 

Subtotal $930,369 
15% Contingency $139,555 

Total Construction Cost $1,069,924 
Preparation of Final Designs and Specifications $50,000 

Permitting and Mitigation $50,000 

Legal Fees $5,000 
Acquisition of Access and Rights of Way $25,000 

Total Project Cost (2004) $1,999,924 

Total Project Cost (2006) $1,299,518 

The rock weir structure was investigated to determine if it was more economical than the 
Obermeyer diversion structure. However, the required length of the canal extension 
makes this alternative much more expensive than the Obermeyer diversion structure. 
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5.3 Combined Ditch 

Table 5.3 is a cost estimate for the Combined Ditch section and includes the necessary 
items for an enlarged combined Cherokee Ditch. No seepage treatment options are 
included in this cost estimate. The construction and engineering costs were developed 
assuming they would be a component of a larger project. 

Table 5.3 - Combined Ditch Widening Cost Estimate 

Estimated Unit 
Total 

No. Item Unit 
Quantity Price 

Estimated 
Price 

1 Ditch Excavation and Embankment LF 960 $8.00 $7,680 
2 Clearing and Grubbing LF 960 $6.50 $6,200 

Subtotal $13,920 
3 Mobilization LS Lump Sum $1,392 $1,392 

Subtotal $15,312 
10% Construction Engineering $1531 

Subtotal $16,843 
15% Contingency $2,526 

Total Construction Cost $19,370 
PreQaration of Final Designs and Specifications $3,500 

Permitting and Mitigation 
Legal Fees 

Acquisition of Access and Rights of Way 
Total Project Cost (2004) $22,870 
Total Project Cost (2006) $25,000 

Cost per ft $26 
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5.4 Seepage Treatment 

Table 5.4 outlines the seepage treatments on a cost per lineal foot of ditch except for the 
PAM treatment. The PAM treatment would not need to be installed by a contractor and 
would be applied to the entire ditch. This would be an annual or biannual treatment. The 
cost per lineal foot in Table 5.4 is in addition to the cost per lineal foot in Table 5.3. 

Table 5.4 - Seepage Treatment Alternatives Cost Estimate 

Concrete $221 
GCL $179 

$179 
$180 
$28 

Shotcrete* $259 
*Estimated through the rock outcrop area only. 

The PAM seepage treatment would work best if applied to the entire length of ditch from 
the Encampment River Diversion to Highway 230. Table 5.5 outlines the cost for this 
entire section of ditch and a cost per lineal foot for a comparison to Table 5.4. These 
costs are assuming the PAM treatment would be applied annually. Therefore, an annual 
cost of $4,900 would be incurred if this type of treatment was utilized. Labor costs are 
not included; the costs are for material only and for one application. For the economic 
analysis $2,000 was assumed for the District's labor (discussed in Chapter 7). 

Table 5.5 - PAM Seepage Treatment Material Cost Estimate 

Cherokee Ditch 

The Transition Ditch diversion and drop structure cost estimate is outlined in Table 5.6. 
No measurement devices were incorporated into the design because there is a newly 
installed 6-foot Parshall flume in the Cherokee Ditch and another 6-foot Parshall flume in 
the Wagoner Ditch approximately 500 feet downstream of the Wagoner Ditch diversion 
structure. These are shown on Figure 2.1 and could be utilized. 
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Table 5.6 - Transition Ditch Diversion and Drop Structure Cost Estimate 

Estimated Unit 
Total 

No. Item Unit 
Quantity Price 

Estimated 
Price 

1 Concrete CY 60 $360 $21,600 
2 CY 20 $100 $2 0 
3 Excavation LF 40 $40 $1,600 
4 Slide Gates EA 2 $5500 $11 000 

$3 
5 Mobilization 

10% Construction 
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5.5 Project Phasing 

The opportunity for project phasing is minimal. The District could construct the diversion 
structure, the combined ditch, and the transition ditch including the diversion and drop 
structure and install a seepage treatment in the future. The seepage treatment could be 
installed at a later time, but the costs were estimated as part of a larger project, therefore 
they would increase due to not being a component of a larger project. 
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6. PERMITTING 

6.1 Permits for Construction 

F or construction of the proposed improvements, the District may need to obtain permits 
or authorization from the agencies listed below. This list may not be inclusive. 

• Corps of Engineer's (COE) - Section 404 Permit 
Permit required if wetlands or the Encampment River are impacted by the construction. 
Based upon preliminary investigations, it appears that little or no wetlands will be 
impacted by the proposed Proj ect and, because the existing structures are irrigation 
facilities and will be replaced with a single permanent diversion dam in the same 
location, this Project will be exempt from needing a Corps of Engineers permit. This was 
confirmed in meeting with the Cheyenne office of the Corps on September 30,2002. The 
Corps prepared an exemption letter stating that the combined grouted rip rap structure 
would not be required to obtain a Section 404 permit. A copy of the correspondence 
from the Corps of Engineer's is in Appendix G. 

• United States Fish and Wildlife Section 7 Depletion Payment 
Required if a Corps of Engineer's Section 404 permit is required, an easement from the 
Bureau of Land Management is granted, or federal monies are used. This payment is a 
repercussion of preliminary negotiations of the North Platte cooperative agreement and 
will be in effect until it is settled. Once the agreement is settled, this payment would 
likely be paid for by the State of Wyoming. It is unlikely that the District would be 
assessed the depletion payments for the grouted riprap structure because a Section 404 
Permit is not required. 

• Wyoming Game and Fish Department 
If a Section 404 permit is required, formal approval by the Wyoming Game and Fish 
Department may be necessary to proceed with construction. The requirement is a result 
of the fish and wildlife coordination act. 

• Wyoming DEQ, Water Quality Division - Section 401 Authorization 
A Section 401 authorization may be required if the COE requires the Section 404 permit. 
The primary permits required from the WDEQ will be those associated with the actual 
construction of the facility. A National Pollution Discharge Elimination System 
(NPDES) permit will be required to make certain that the construction techniques will 
adequately protect the Encampment River channel from unintended sediment spills while 
building the new facility. 
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• State Historic Preservation Office 
Formal approval from the State Historic Preservation Office may be required if the 
Section 404 Permit is required. 

• State Engineer's Office (SEO) 
The Surface Water Division of the SEO must be notified regarding construction being 
performed. The State Engineers Office/State Board of Control will require a Change in 
Point of Diversion Petition for each irrigation ditch to the new location identified in the 
Level I Study. 

• Land Owners 
Permission should be negotiated for right-of-access from all private landowners for all 
construction activity associated with the Project. 
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7. ECONOMIC ANALYSIS 

7.1 General 

A costibenefit analysis is essential for the District to determine whether or not to continue 
with the improvements and proceed to Level III construction. Projected costs are 
included in this report. Historic data is not available to effectively quantify the benefits 
of the improvements. There are numerous advantages of the improvements, many of 
which are difficult to assign a value to. The advantages include the following. 
• By constructing a combined diversion structure, the District will have the ability to 

divert the water they are entitled to during low flows, which they have historically not 
been able to do. Therefore, depending on the year, the District can divert more water 
during the irrigation season and for a longer period of time. 

• The proposed diversion structure will provide ease of operation and maintenance 
resulting in a reduction of annual operation and maintenance costs. 

• The District will gain additional water with a seepage treatment and Dwight and 
Candace France would be able to harvest 15 acres they are currently not able to. 

Based on the 2001 Wagoner Ditch diversion record obtained from the State Engineer's 
Office (the only diversion record available) an economic analysis was performed to 
evaluate the seepage treatment options. The following assumptions were used in the 
analysis: 
• 80% seepage reduction with the concrete lining, geosynthetic clay lining, 

polypropylene lining, bentonite lining and liquid polymer. 
• 50% seepage reduction with the PAM treatment. 
• For the concrete lining, geosynthetic clay lining and polypropylene lining a 50-year 

life span was used. 
• For the liquid polymer a 30-year life span was used. 
• For the bentonite liner a lO-year life span was used. 
• For the PAM treatment a I-year life span was used and $2,000 was added for the 

District's labor. 
• For the liquid polymer treatment a 30-year life span was used. 
• A 50% WWDC grant would be used in conjunction with a 50% WWDC loan. A 20-

year loan at 6% was used for all seepage treatments except for the PAM. 
• The flows in the Wagoner Ditch are comparable to the Cherokee Ditch (because no 

diversion records are available for the Cherokee Ditch). 

Based on an 800/0 seepage reduction, 253 acre-feet per year of losses could be recovered. 
At a 50% seepage reduction, 161 acre-feet would be saved. The findings of the economic 
analysis are in Table 7.1. The District will need to determine if the additional water is 
worth the cost per acre-ft. 
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Table 7.1- Seepage Treatment Economic Analysis 

Concrete $265 
GCL $220 

P ene $220 
Bentonite $1100 

Li P $105 
Shotcrete $325 

PAM $12 

The District can best quantify what the improvements are worth and more importantly 
what they can afford. Also they are the best source to prioritize the improvements. 
Therefore, an economic survey was prepared and distributed to the District members. The 
economic survey is in Appendix F, Economic Survey. There was a limited response 
which varied greatly; the response is compiled in Appendix F. No conclusions could be 
resolved from the response. 
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7.2 Project Costs and Repayment Plan 

Table 7.2 summarizes the total project costs and details a repayment plan. Figures 
include an assessment with and without the United States Fish and Wildlife (USFW) 
Section 7 depletion payment for both a 20 and 30-year repayment period. An explanation 
of the USFW Section 7 depletion payment is provided in Section 6.1 of this report. The 
assessment for the USFW Section 7 depletion payments were based on standard formulas 
developed by the USFW. 

Table 7.2 - Project Cost Estimate and Repayment Plan 

Combined Grouted Diversion Structure $489,860 
Combined Ditch (no seepage treatment) $25,000 

Transition Ditch Diversion and Structure $60,000 
Total $574,860 

WWDC 50% Loan* $287,430 

Annual and Maintenance 

$8.51 $7.19 
Annual per Acre Assessment wlo USFW 

Section 7 D etion P nt** 
USFW Section 7 depletion payment $7,438.50 $7,438.50 

$10.84 $9.53 
Annual per Acre Assessment wI USFW 

Section 7 letion P ment** 

*The loan is based on a 6% interest rate. 
**The assessment per year is based on assumed benefited area of3,181.4 acres. 

The total projected cost is $574,860. The WWDC funding for the Project was assumed 
to be 50% WWDC grant and 50% WWDC loan. The figures in Table 7.2 are based on 
the assumption that 3,181.4 acres will be benefited and be assessed for the proposed 
improvements. The costs of the improvements will only be assessed to the benefited 
acres in the District. The benefited acres and other appropriators are outlined in Table 
7.3. 
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Table 7.3 -District Benefited Acres and Other Appropriators 

814.0 218.0 
17.0 217.3 

Horst 174.0 242.0 
Platt 160.0 154.7 
Dalke 259.0 120.0 

406.0 Shaw 3.9 
55.0 Roberts 3.9 

2182.0 Laird 8.7 
3.8 
5.1 

e 5.0 
Heinrich 19.2 

163.1 Wells 10.6 
702.5 Hill 5.9 
999.4 Total 1104.1 
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8. CONCLUSIONS 

The Level II study included the Phase 1 portion of the project and the Phase 2 portion of 
the project. Phase 1 was an expansion of the Level I report, further investigation of 
combining the Wagoner Ditch and Cherokee Ditch diversion structures with one new 
Obermeyer diversion structure. The District indicated that they would like a rock weir 
diversion structure evaluated which is the Phase 2 portion of the project. This required a 
geomorphology study and diversion design. Seepage and seepage treatment options were 
also further investigated. Cost estimates were provided for the evaluated alternatives. 

The District indicated that their main priority is a diversion structure. A combined 
structure is more economical than two separate structures, and an Obermeyer diversion 
structure is more economical than the rock weir structure. Therefore, the most 
economical structure is a combined Obermeyer diversion structure. 

At the time of this report the District did not quantify how beneficial the improvements 
would be or how much they can afford. There are several improvements that would 
improve the system efficiency but some of which are difficult to assign a value. 
Advantages of the improvements include the ability to divert the water the District is 
entitled to during low flows, provide ease of operation and maintenance and gain 
additional water with a seepage treatment. 

It is obvious there is seepage in both ditches. An unsuccessful attempt was made to 
determine the extent of the seepage in isolated areas. Therefore, areas of higher seepage 
cannot be treated individually. The seepage analysis did indicate that the seepage from 
the Cherokee Ditch seeps into the Wagoner Ditch. 

The District is not pursuing improvements immediately. A recommendation is for the 
District to internally implement the PAM seepage treatment, monitor and evaluate the 
results. The PAM treatment is inexpensive compared to the other treatments and the risk 
would be minimal. The PAM treatment is the only seepage treatment that is 
economically feasible for the District. 

A ditch maintenance agreement was not adopted during the Level II Study. Further 
consideration should be give to a formal agreement for operation and maintenance of the 
ditches including a dedicated means of access. 
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APPENDIXC 

Ditch Gaging Results 



WAGONER DITCH GAGING RESULTS (5/5/04) 

Station , .. 
[)iscbarge,cfs f ... ·Out flow,cfs Seepage,cfs Remarks .. 

1 - 15+00 40.4 Diversion 
-0.9 

2 - 18+00 41.3 Flume 
0.0 

3 - 23+20 41.3 
1.1 

4 - 33+00 40.2 
-0.2 

5 - 40+90 40.4 
1.1 

6 - 51+00 39.3 
1.8 

7 - 60+32 37.5 
-0.1 

8 - 71+00 37.6 
0.2 1.6 Highway 230 

9 - 76+85 35.8 
Total Seepage = 4.6 cfs 

% Seepage = 11.4 % 

WAGONER DITCH GAGING RESULTS (5/19/04) 

Station : [)j$cbarge, cIs ., .... '. I ,Qutflow •. cfs ....•.. ' ... I», Seepage; cfs· ., I Remarks I·········· .. 

1 - 15+50 49.6 Diversion 
-0.7 

2 - 18+00 50.3 Flume 
-2.4 

3 - 23+20 52.7 Prior to turnout No. 1 
2.1 0.0 

4 - 23+79 50.6 After turnout No. 1 
-0.3 

5 - 33+00 50.9 
0.2 

6 - 40+90 50.7 
3.8 

7 - 51+00 46.9 
-1.1 

8 - 60+32 48.0 Prior to turnout No.2 
3.6 0.0 

9 - 60+96 44.4 After turnout No.2 
0.2 

10 - 71+00 44.2 
0.4 

11 - 76+85 43.8 Highway 230 
Total Seepage = 0.1 cfs 

% Seepage = 0.2 % 

C-1 



CHEROKEE DITCH GAGING RESULTS (5/10/04) 

!li;!l:···Dy··; Xi\;\IS,!: ._ ....... ;;.".,)"( ..... ; .• . 

1 106+00 43.5 Drv'ersion 
-0.8 

2 111 +00 44.3 
3.8 

j3 116+41 40.5 'Flume 
-0.6 

14 127+61 41,1 
2.9 

15 138+00 38.2 
-0.8 

16 147- ·00 39.0 
-0.7 

17 154+98 39.7 
-0.8 

8 165+00 40.5 
-0.1 

9 178+08 40.6 IHighway 230 
Total C'. 2.9 cfs 

% Seepage = 6.7 % 

CHEROKEE DITCH GAGING RESULTS (5/18/04) 

% Seepage = 5.4 % 

C-2 



APPENDIXD 

Ditch Gaging Results from Level I Study* 

*The Wagoner Cherokee Irrigation District Level I Master Plan/Study was 
prepared for the Wyoming Water Development Commission by PMPC in 
association with States West Water Resources Corporation and Water Rights 
Services, LLC in November 2002. 



Ditch Gaging Results from Level I 

Cherokee Ditch Gaging Results 

Station Discharge, cfs Outflow,· .. cfs Seepage,cfs .................. Remarks .. 
104+07 58.1 Diversion 

0.1 5.7 Spillway 
116+41 52.3 

1.2 
127+61 51.1 

0.6 
154+98 50.5 

5 
178+08 45.5 Staff gage reading = 1.36' 

Total Seepage = 12.5 cfs 

Wagoner Ditch Gaging Results 

Station Di$charge;;cfs OQtfloW,cfs Seepage~····cfs ......• < Remarks E.······ 
11+69 41.2 Diversion 

1.5 3.0 Spillway 
23+20 36.7 Prior to turnout No.1 

2.4 
23+79 34.3 After turnout No.1 

0.8 
40+90 33.5 

0.5 
60+32 33 Prior to turnout No.2 

2.0 0.0 
60+96 31 After turnout No.2 

0.4* 2.3 
76+85 28.3 Staff gage reading = 1.72' 

Total Seepage = 6.6 cfs 
*The ditch gage reading at the 6' Parshall flume at Station 18+06 on June 26, 2002 was 
1.35', corresponding to 38.73 cfs. 
**Between station 60+96 and Station 76+85 there were a series of four small pipes 
accumulating 0.4 cfs. 

0-1 



APPENDIXE 

Seepage Treatment Alternatives 
from Level I Study* 

*The Wagoner Cherokee Irrigation District Level I Master Plan/Study was 
prepared for the Wyoming Water Development Commission by PMPC in 
association with States West Water Resources Corporation and Water Rights 
Services, LLC in November 2002. 



Seepage treatment lining alternatives investigated in the WWDC Wagoner 
Cherokee Irrigation District Level I Master Plan finalized in November 2002 by 
PMPC, States West Water Resources Corporation and Water Right Services, LLC 
is discussed in detail below. 

Concrete Lining 
A concrete lined ditch provides the most protection against seepage, but is the 
least economical. The concrete lined ditch would have the longest life of all the 
options and would be the easiest to maintain. 

Geosynthetic Clay Lining 
Geosynthetic Clay Liners (GCL' s) are needle punched reinforced composites that 
combine two outer geotextile layers with a uniform core of sodium bentonite clay 
to form a hydraulic barrier. 

The GCL' s provide many advantages for this type of application, as outlined 
below: 
• Protection against puncture from animal hoofs 
• Resistance to freeze/thaw cracking 
• Predictable and efficient construction process 
• Long life span 

Polypropylene Lining 
Polypropylene lining is a plastic material that is permanently heat fused at the 
seams. A Polypropylene liner has advantages, as outlined below: 
• Long life span 
• Relatively easy to install (although the seams need to be fused) 
• Does not require cover, but would be damaged by animal traffic and therefore 

is a requirement for this application; with cover the life span would increase 
• Resistance to freeze/thaw cracking 

Bentonite Treatment Lining 
The bentonite treatment lining consists of a bulk bentonite admixture. 
Approximately six percent bentonite is mixed with borrow material and placed in 
four six-inch lifts. The treatment would provide seepage protection, but does have 
disadvantages as outlined below: 
• Short life span 
• Manufacture's do not recommend treatment for this type of application 
• Does not protect against freeze/thaw, resulting in scouring and instability of the 

bentonite treatment 
• Does not protect against animal traffic 
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Ditch Widening 
This alternative would consist of cleaning the ditch to provide better hydraulic 
characteristics. The ditch would be enlarged and have a more uniform cross 
section. No remediation for seepage would be incorporated into this alternative. 
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Job No.: 7274.011 

April 7, 2004 

Wagoner Cherokee Irrigation District Members, 

It is essential for PMPC to determine the benefit of the improvements to the District 
members for us to make a recommendation in the Level II study. In order to make a 
recommendation it will be necessary to determine the additional water's value to the 
individual District Members. 

There are several advantages of the combined diversion structure and ditch. The 
advantages include having the ability to divert the water the District is entitled to during 
low flows, which they have historically not been able to do. Therefore, depending on the 
year, the District can divert more water during the irrigation season and for a longer 
period of time. Also, the proposed diversion structure will provide ease of operation and 
maintenance and reduce the annual operation and maintenance costs. The District would 
also gain additional water with a seepage treatment, if they decide this is important. 

A survey has been included so that a costlbenefit analysis can be performed and a 
recommendation provided. This survey will help determine what is important to the 
District members and what they feel the improvements are worth 

Please return the completed survey to Kassey Bensen at PMPC. If you have any 
questions or comments related to this project please call or stop by PMPC at your 
convenience. 

PMPC 
PO Box 370 
118 East Bridge Avenue 
Saratoga, WY 82331 

Thanks, 

Kassey Bensen, E.LT. 



SURVEY 

Name: 
Ranch/Family name: 
Date: -----------------------------
Phone number: 
__ Check here if you want your survey to remain confidential. 

Please answer the questions below. The more information you can provide about your 
operations the better. If you have any questions please don't hesitate to call. 

1. What is the value of the additional water per acre-foot? 
$ /acre-foot 

2. What can your operation afford? $ /benefited acre 
If you are not sure, can your operation afford $5lbenefited acre annually? 
Circle one - Yes / No 

3. When do you typically tum water on to your fields? _________ _ 

4. When do you typically tum water off to your fields? _____ _ 

5. Based on a typical year, your water rights, and your operating procedures, ideally 
when would you tum water off to your fields? ______ _ 

6. How many acres do you currently irrigate? ___________ acres 

7. Could you irrigate additional lands with additional water or a longer water 
season? 
Circle one - Yes / No. If yes, how many additional acres? acres 

8. What is the average yield (ton/acre) of your annual crop? ______ ton/acre 

9. What is the average retail cost of hay per ton? $ ________ ~/ton 

10. What is the cost of production per ton of hay? $ ____ -----.:/ton 

Job No. 7274.011 1 March 25, 2004 



11. How much of an improvement do you think the additional water will make to 
your operations? 
Circle one - a major improvement, a small improvement, or no improvement 

12. Are there times during the irrigation season you are not getting the water you are 
entitled to because you are waiting for modifications to the diversion structure? 
Circle one - Yes / No. If yes, how many times each season and 
for how long days 

On a rating scale of 1 to 10 with 10 being critical, 5 being necessary, and 0 being 
unnecessary rate the following 4 questions. 

13. How important do you think the improvements are? ____ _ 

14. Rate the necessity for the following improvements. 
a. Diversion structure -----
b. Seepage treatment ____ _ 
c. No improvements ____ _ 

15. Rate the following potential benefits. 
a. Reliability of a permanent diversion structure _____ _ 
b. More water during high water _____ _ 
c. More water at the tail end of the water season ------

1. If this important, list dates this would be beneficial to you 
from to ------

d. Longer water season _____ _ 
e. Ability to grow more hay for grazing after hay is cut _____ _ 
f. Other benefits, please list _____ _ 
g. Other benefits, please list _____ _ 

16. How important do you think a dedicated access to the diversion structure and 
possibly an access road along the ditch from Highway 230 to the diversion is? 

17. Would more water provide more hay or better quality hay? 
Circle one - More / Better Quality / Both 
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18. Do you agree or disagree with the following statement. 
At this time the best alternative is a combined grouted riprap diversion structure 
with adjustable "Obermeyer" type gates. This would include a combined ditch 
section to the Wagoner Ditch spillway where the combined flows will split. 
Circle one - Agree / Disagree 

19. If you are familiar with rock weir diversion structures, do you think this is a 
reasonable option? Circle one - Yes / No 

20. If the economics allow would you prefer to use a rock weir diversion structure? 
Circle one - Yes / No 

Please provide any concerns or comments you have regarding the project in the space 
provided below. 

Thank you for participating in the survey. The results will be compiled and used to 
develop a recommendation based on the District's needs and economics. The compiled 
results will be discussed broadly in the Level II report. No names or numbers will be 
specific in the report or distributed. 
Please return to Kassey Bensen at PMPC in the enclosed stamped self addressed 
envelope. 
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ECONOMIC SURVEY SUMMARY 

QUESTION NO. RESPONSE #1 RESPONSE #2 RESPONSE #3 RESPONSE #4 

1 - - 0 -

2 YES YES $0.50 $0.00 

3 1-May 1-May 1-May 1-May 

4 15-0ct 15-Aug 1-0ct 1-Sep 

5 15-0ct 15-Sep 1-0ct 1-Sep 

6 2000 1650 450 180 

7 NO YES NO -

8 2.05 3 - 2 

9 100 70 - 80 

10 31.46/37.28 45 - 95 

11 MAJOR MAJOR NO NO 

12 NO YES NO -

13 7 8 0 -

14a 7 8 0 -

14b 8 4 0 -

14c - 0 0 -

15a 8 10 2 -

15b 8 0 0 -

15c 10 10 0 -

15c1 JULY 15 TO OCT MAY 1 TO SEPT 15 - -

15d 10 10 0 -

15e 10 10 0 -

16 10 4 10 1 

17 BOTH MORE NONE -

18 AGREE - DISAGREE -

19 YES - YES YES 

20 YES - YES -
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REPLY TO 

ATTENTION OF: 

Chandler Peter 
Regulatory Proj ect Manager 

Mr. Jerry Craft 

DEPARTMENT OF THE ARMY 
CORPS OF ENGINEERS, OMAHA DISTRICT 

WYOMING REGULATORY OFFICE 

2232 DELL RANGE, BLVD., SU ITE 210 

CHEYENNE, WYOMING 82009-4942 

November 12,2002 

Wagoner-Cherokee Irrigation District 
HC-32, P.O. Box 37 
Encampment, Wyoming 82325 

Dear IVIr. Craft: 

This letter is in reference to States West Water Resources Corporation's request received 
October 3, 2002 concerning the need for authorization associated with the proposed modification 
and upgrade of an irrigation diversion system in the Encampment River. The project is located in 
the northwest quarter, Section 7, Township 14N, Range 83W, Carbon County, Wyoming. 

The project involves the removal of a lower diversion dam as well as the reconstruction of the 
upstream diversion dam. Both features are located approximately 1000 feet apart. The submission 
states that these features require annual maintenance to allow adequate diversion. Water diverted 
from the lower diversion will be transferred to the upper diversion. The new diversion dam and 
associated flume will be constructed of concrete and riprap materials. The Corps of Engineers 
regulates the placement of dredged and/or fill material into Wyoming waters and wetlands as 
authorized primarily by Sectiol1 404 of the Clean Water Act (33 U.S.C. 1344). Based upon the 
information provided, it has been determined that the discharge of dredge and/or fill material into 
the Encampment River with the removal and reconstruction of the 2 irrigation diversions are not 
subject to Corps regulation. Part 323.4(a)(3) of the Corps rules and regulations, as published in the 
November 13, 1986, edition of the Federal Register, states construction or maintenance of farm 
or stock ponds or irrigation ditches or the maintenance (but not construction) of drainage ditches are 
exempt from regulation. Discharges associated with siphons, pumps, headgates, wingwaUs, weirs, 
diversion structures, and such other facilities as are appurtenant and functionaUy related to 
irrigation ditches are included in this exemption. 

Although Corps of Engineers authorization is not required for the work, this does not eliminate 
the requirement that you obtain any other applicable Federal, state, or local permits or 
authorizations as required. We would encourage you to undertake any necessary work in an 
environmentally sound manner and to keep impacts to a minimum. You are urged to discuss your' 
proposed project with your local Wyoming Game and Fish Department representatives. 
Additionally, due to the impacts associated with water withdrawals from the Platte River basin and 
the project's location in the Encampment River, you should contact the U.S. Fish and Wildlife 
Service at (307) 772-2374 to ensure your work does not violate the provisions of the Endangered 
Species Act. 
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Thank you for your interest in cooperating with the requirements of the Corps regulatory 
program. If you have any questions concerning this determination, please contact Chandler Peter at 
(307) 772-2300. Be sure to reference File No. 200240276 in any future correspondence concerning 
this matter. 

Copy Furnished: 

Mike O'Grady 
States West Water Resources 
P.O. Box 2092 
Cheyenne, Wyoming 82003 

Rex Fletcher 
U.S. Environmental Protection Agency 
8 EPR;;;EP 
999 18th Street, Suite 500 
Denver, Colorado 80202 

Tyler Abbott 
U.S. Fish and Wildlife Service 
4000 Airport Parkway 
Cheyenne, Wyoming 82003 

Tom Collins 
Wyoming Game and Fish Department 
5300 Bishop Boulevard 
Cheyenne, Wyoming 82009 

Sincerely, 

Matthew A. Bilodeau 
Program Manager 
Wyoming Regulatory Office 
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