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1.0 INTRODUCTION 
The Gooseberry Creek (Creek) watershed, in general, has been and continues to be seriously 
short of irrigation water. During an average year, 40% of the irrigators within the Gooseberry 
Creek Irrigation District (District) are out of water by mid June (WWC, 1984). Figure 1 illustrates 
the location of Gooseberry Creek as well as the general District boundaries. Beginning with the 
Wyoming State Planning Board in the 1930’s, a series of studies have been conducted by 
various agencies to remedy the situation. The Wyoming Water Development Commission 
(WWDC) completed the most recent work in the early 1980’s. A Level I Reconnaissance Study 
was conducted in 1983 by Leonard Rice (Rice, 1983) and was followed by a Level II Study in 
1984. Based on the Level II study results, a Level III project was developed to construct a 
reservoir in the upper reaches of the Gooseberry Creek watershed. Subsequent geotechnical 
investigations of the site identified potential problems with the dam foundation, which resulted in 
significant project cost increases and ultimately project cancellation. 

Since the cancellation of the 1984 Level III project, the District has not completed any projects 
to address the basin-wide water shortages described above. Some of the District members 
have initiated on-farm practices to minimize seepage losses and improve irrigation efficiency. 
The majority of these improvements are associated with using gated pipe in place of the current 
system that involves a series of ditches with cut-outs. In one particular instance, District member 
Marc Nogle converted the majority of his irrigation operation to gated pipe. By using pipe in lieu 
of ditches for on-farm distribution, seepage losses became negligible and the meadows could 
be irrigated in less time.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Beginning in 2000, Wyoming has been in a drought and runoff in the Gooseberry Creek Basin 
has been minimal. From 2000 to 2004, irrigators with water rights having a priority date past 
1901 received little or no water. The one exception to this are the lands at the watershed mouth, 
which have a 1906 priority date under the Blake-Denton Ditch, but have been irrigating by 
pumping water from the Bluff Ditch. Though District members had implemented some 
improvements to their on-farm distribution systems, the system upgrades have not resulted in 
significant benefits to the members because of the lack of supply within the basin. 

 
 
View looking southeast at two lines of gated pipe on the 
Nogle property. 
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These adverse conditions resulted in a renewed interest to address water shortages in the basin 
and resulted in the WWDC initiating a new Level I Study in 2005. The Level I Study investigated 
several options to improve the water supply situation for the District. Potential options to 
improve the District’s supply included: 

 reservoir construction;  
 pipeline construction to lift water from the bluff canal; 
 trans-basin diversions; 
 deep ground water sources; 
 alluvial ground water wells; 
 grass creek oil field; and, 
 irrigation system upgrades. 

The results of the Level I study concluded that it was not financially feasible for the District to 
incur the cost of reservoir construction or constructing a pipeline and pump stations to lift 
additional water from the Bluff Canal to the irrigated lands within the lower half of the District, 
The Trans-basin diversion option was discarded because of water rights issues as well as the 
overall cost of a pipeline. The deep ground water source option was discarded due to overall 
cost of the wells and associated transmission line and from the uncertainty associated with 
completing a minimum of six wells that had a capacity of approximately 1,000 gallons per 
minute (gpm) or better. 

Based on the results of the Level I Investigation, three options were open to further evaluation: 
(1) Irrigation System Upgrades, (2) Grass Creek Oil Field, and (3) Alluvial Ground Water. During 
the course of the Level II Investigation other options were also evaluated. These included: (1) 
Increasing production from the Little Buffalo Basin Oil Field, (2) Deep abandoned oil well located 
near the upper District boundary, (3) Shallow aquifers, and (4) On-farm practices. This Level II 
study’s goals are to evaluate each of these options in order to increase the volume of available 
water within the Gooseberry drainage basin, in order to provide District members additional 
water for irrigation. 
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2.0 PROJECT RESULTS 
The District has a total of 25 members. Within the District there are 18 separate ditches that 
deliver water to approximately 3,315 irrigated acres. Each ditch has its own point of diversion 
consisting of a headgate and diversion/check dam. In most instances each ditch serves a single 
landowner and, thus, the individual must bear all associated maintenance expenses. Figure 2 
illustrates the location of the various headgates and ditches. Existing ditch routes were identified 
using ortho-rectified infrared 2000 aerial photography. 

The Level I study briefly described the problems observed at the various headgates and 
possible solutions to improve the effectiveness of the various diversion structures. In brief 
summary, the majority of diversions are located along the outside of a meander bend. The 
diversion or check dam is located directly opposite the diversion point and is generally aligned 
to direct creek flow into the diversion. Ditch flow is then measured and regulated at some 
location “down-ditch”, generally one-quarter to one-half mile from the point of 
diversion/headgate.  

The condition of the various headgates and diversion dams ranges from relatively good to 
extremely poor. The Homestead and Steele headgates are probably two of the best diversion 
works within the District with headwalls that are in good condition and completely operable 
canal gates. In contrast, the Blake-Denton is probably the worst within the District because the 
headgate is completely missing and the headwall structure is close to complete collapse. The 
majority of the diversion dams are constructed from concrete rubble due to its availability. There 
are two basic problems with this material: (1) because the pieces, although relatively large, tend 
to be flat, which increases the potential for movement and transport during high flow events and 
(2) are not efficient because structures constructed from rubble have large void spaces and 
require additional materials to seal them in order to be efficient during lower flows. 

2.1 Ditch Specific Issues 
As part of the Level I study, LA performed an assessment of all diversions within the District with 
the exception of the Star and Toyne. As part of the Level II investigation, LA was able to obtain 
access to these two diversions. The Level II investigation of each diversion point included a 
local survey of the headgate and channel upstream and downstream at each diversion point. 
Appendix A of this report contains ditch summaries derived from data collected during the 
Level I study and data collected during the June 2006 field investigation.  

2.2 Channel Stability and Morphology Issues 
Diversion dams and their location can have a significant impact on channel morphology and 
ditch maintenance. As described above, the majority of diversion dams are situated directly 
opposite of the headgates, which directs a significant volume of sediment laden flow into the 
ditch. This in turn increases the operations and maintenance costs due to the increase in 
sediment deposition within the system.  

The majority of diversion dams extend the entire width of the channel and are constructed of 
concrete rubble. This configuration is not conducive to sediment transport and as a result 
sediment is deposited behind the dam as the water slows. The photo below of the Blake-Denton 
Diversion illustrates the volume of sediment being transported through the system and the 
affects of a diversion dam on sediment transport. By removing a substantial volume of sediment 
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from the fluvial system by either diverting it into the ditch or depositing behind the diversion, 
water downstream of the dam is sediment deficient.  

If discharge and sediment transport are not in balance, the Creek will look for sediment to 
transport. Generally, the resultant action by the Creek is to gather sediment through incision 
downstream of the diversion dam. Upstream of the dam, sediment continues to be deposited to 
the point where its functionality is reduced. Through a combination of upstream deposition and 
downstream incision, the diversion dam becomes a drop structure. A good example of this is 
shown in the Perkins headworks photo below where the diversion dam is now a five-foot high 
drop structure.  

 
 

 

 

 

 

 

 

 

 

As channel incision occurs and/or these diversion-drop structures become damaged through 
sizeable discharge events, the associated headgate becomes less and less functional. In order 
to maintain the functionality of the ditch, either the headgate must be relocated farther upstream 
or the diversion dam must increase in height, which can increase its vulnerability to failure and 
potentially additional Creek bank erosion. The more diversion points there are in the system, the 
greater the chance for channel incision and diversion maintenance and relocation. For example, 
the Mahan Ditch headgate is completely missing and the ditch is elevated above the channel 
bed by approximately three feet. 

To increase channel stability, there are two primary alernatives. One is to rehabilitate existing 
diversion dams to facilitate sediment transport through the system. The second alternative, 
which can be accomplished in combination with the first, is to reduce the number of diversions 
by combining ditches and using common headgates. These alternatives are discussed further in 
Section 3.0, System Improvement. 

2.3 Seepage Loss Issues 
A review of the Washakie County Soil Survey, indicates that the soils under Gooseberry Creek 
and associated terraces are mapped as the Glenton-Baroid sany loams. Most of the irrigated 

 
 
Perkins Ditch showing headgate location in 
relationship to the diversion dam 

 
 
Blake-Denton Ditch Diversion Dam looking downstream 
showing the volume of fine sediment being transported 
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fields are mapped as Lostwell or Youngstown clay loams. Sandy loams have very high 
infiltration rates, whereas clay loam soils are relatively low. Depending on the literature 
reviewed, sandy loam infiltration rates vary between 0.8 to 6.3 inches per hour. Lidstone and 
Associates, Inc. (LA) performed some abbreviated infiltration testing at the Quartz and Murphy 
ditches. In the case of the Murphy Ditch, the soil was reasonably saturated at the time the test 
was performed. At both locations, infiltration rates were equal to approximately four inches per 
hour. It is conceded that there will be some decline from the measured rate as the soil reaches 
saturation, but based on the literature, aside from a true sand, sandy loams have the highest 
infiltration rate of any soil class. 

In contrast, infiltration rates for clay loams are generally in the range of 0.2 to 0.6 inches per 
hour. Specifically, irrigators on the Perkins Ditch measured a flow decrease of 0.5 cubic feet per 
second (cfs) over approximately three miles of ditch, which equates to a seepage rate of 
approximately 0.4 inches per hour. This seepage loss rate is approximately 25 to 30 percent of 
what could be expected from sandy loam soils. From the difference in seepage rates, it can be 
concluded that the majority of losses occur in the first reach of ditch downstream of the 
headgate and that once the diverted water is transported beyond the extent of alluvium that 
seepage losses are substantially diminished. 

Currently, some irrigators are addressing the seepage loss issue in part by continuously 
diverting water, albeit they may be out of priority. All of the diverted water is then spilled back to 
the Creek through a wasteway. This practice allows the irrigator to keep a portion of the ditch 
continuously saturated and hopefully shorten the delivery time when they come back into priority 
and/or require irrigation water. While this practice probably reduces future delivery times this 
practice has continual seepage losses thereby reducing the water available for downstream 
users. 

LA evaluated several options for decreasing seepage loss as a means of increasing flow 
availability. Part of LA’s 2006 field investigation focused on completing localized field surveys of 
ditch locations with respect to the Creek. The purpose of the investigation was to identify 
potential opportunities for relocating diversion points downstream and closer to the point of use. 
Assuming the District’s desire of maintaining a gravity flow system, relocating diversion points 
downstream to reduce seepage loss is not possible due to channel incision. The only way a 
diversion point can be relocated downstream is to use a pump to lift the water to the ditch.  

Further consideration of diversion point relocation was eliminated for several reasons. First, only 
single-phase power is available to the District which limits pump capacity. The maximum 
capacity of a single-phase electric motor driven pump is approximately 0.25 cfs. To provide a 
means of comparison to appropriated water rights, this pump volume is only able to meet one-
third of the Star Ditch’s initial appropriation, which has the smallest appropriation within the 
District. This limitation would indicate that a diesel or similar powered pump would be required 
to pump a sufficient volume of water to meet demands.  

If a lift station was employed in place of a gravity-fed diversion, a pump intake could be 
constructed via two options: (1) infiltration gallery and (2) a wet well. Results of the alluvial 
ground water study were used to evaluate infiltration gallery potential. Based on the relatively 
low hydraulic conductivity values observed at the Slover alluvial well and described in Section 
4.0, Ground Water Options, it does not appear that an infiltration gallery will yield quantities 
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sufficient to meet the demand. Thus, a wet well is the only real intake option available. The well 
would need to be constructed adjacent to the Creek and water diverted into it in a manner 
similar to a standard surface water diversion. Employing this type of system could have 
significant pump maintenance issues given the Creek’s relatively high and fine textured 
sediment load. Because of these issues, a multiple lift station alternative was not given further 
consideration. Section 3.0, System Improvement provides an in-depth discussion of alternatives 
to reduce seepage losses in a gravity system.  
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3.0 SYSTEM IMPROVEMENT 
The Level I and II site investigations identified several problems with the existing system, 
ranging from the poor condition of several diversion structures to substantial seepage losses. 
Headworks rehabilitation was discussed in the Level I study (Lidstone, 2005) and generic 
design criteria and plans were presented. Because the primary focus of the Level II study 
involves increasing the existing supply, rehabilitation of various individual structures is not 
addressed. This section addresses increasing water availability by reducing the existing 
seepage losses.  Several options are available to limit seepage loss and improve overall system 
efficiency. The alternatives, including pipelines and various liners, are listed below.  

 Pipeline conversions  
 Concrete liners 
 Exposed geomembrane liners 
 Buried geosynthetic clay liners 
 Polymer application 
 Combining ditches to decrease the total ditch length within the District 

3.1 Pipelines 
Pipelines can either be permanent in the case of buried PVC or HDPE pipe or they can be 
temporary in the case of Lay-Flat irrigation pipe, which lasts one to two years. Buried pipelines 
have the advantage of providing significant protection against physical damage. The major 
disadvantage to buried pipeline is its cost, estimated at a minimum of $20.00 per linear foot 
installed for 24-inch diameter HDPE drain pipe. In contrast, temporary Lay-Flat pipe is 
relatively inexpensive at approximately $1.50 per linear foot. Pipe sizing would need to take 
into account the fact the system operates by gravity flow. As such, if pipelines are considered 
viable, they must be oversized because the system is not pressurized. Sediment should be 
addressed at the point of diversion or there could be a need for installing several clean-outs 
along the route to allow system flushing. In terms of overall efficiency, either system effectively 
eliminates both seepage and evaporative losses. 

3.2 Concrete-lined Ditches 
Concrete-lined ditches provide a hard, durable surface and are common seepage mitigation 
measures throughout the west. Ditch companies as well as private irrigators are familiar with 
their materials, maintenance requirements, and methods of operation. Concrete lined ditches 
are resistant to mechanical damage attributable to cattle and wildlife traffic. Assuming a 
trapezoidal shape ditch with a four foot bottom width, 1(h):1(v) sideslopes and 2.5 feet deep, the 
estimated construction cost is $45.00 per foot. This cost does not reflect any major amount 
of preparation work; only the local cost of concrete and form work. Though very durable, the 
major problem with concrete-lined ditches is that they tend to crack and their overall 
effectiveness, through time, is reduced to approximately 70%. 

3.3 Geo-membrane Liners 
Exposed geomembrane liners, have been used for several years to mitigate losses within 
ponds, small reservoirs, and ditches. Installation of a geomembrane within a ditch is relatively 
easy and can be completed without excessive over excavation and with minimal loss of 
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freeboard. The ditch is first prepared by removing vegetation and grading the ditch. The liner is 
then laid in overlapping sections and the seams are “welded” together. Several types of 
materials are available, including PVC, HPDE, and EPDM. EPDM is perhaps the easiest 
material to work with as it is more flexible than PVC and HDPE and the seaming does not 
require specialized equipment. Disadvantages of this system include the potential of damage 
from animals and the associated lack of experience by District Members with its maintenance 
and repair. According to Bureau of Reclamation studies, geomembranes are approximately 
90% effective at reducing seepage losses and the estimated installed cost of 45-mil EPDM is 
$1.20 per square foot or approximately $18.00 per linear foot.  

3.4 Geosynthetic Clay Liners 
Geosynthetic clay liners (GCL) consist of a layer of sodium bentonite sandwiched between two 
geotextiles. The two geotextile layers are needle punched together and laminated to a thin 
flexible membrane liner. The ditch is first prepared by removing vegetation and grading the 
ditch. The GCL is then placed and buried by approximately 12 inches of earth. This provides 
physical protection against damage created by cattle and wildlife. Perhaps the largest 
disadvantage of this system to the District concerns the initial seepage loss until the GCL is fully 
hydrated. Once hydrated, GCL’s are approximately 90% effective and the estimated 
installed cost is $1.30 per square foot or approximately $24.00 per linear foot. 

3.5 Polymer Application 
Various polymers, such as PAM ® and Hydrogel ® have been used as flocculants to bind 
suspended sediment particles together and cause them to settle. Flocculation causes the bound 
particles to settle on the ditch floor and reduce seepage losses. The Goshen Irrigation District 
has applied the technology reasonably successfully. Testing by Colorado State University in the 
Arkansas River Valley found a PAM application to be 75 to 90% effective in reducing 
seepage losses. The costs are relatively low at $0.12 per linear foot per application. 

3.6 Combining Ditches 
In May, 1984, the Natural Resource Conservation Service (NRCS) published a Draft Report of 
the Water Conservation Study that was completed for the Gooseberry Creek basin. The study 
primarily focused on the irrigated lands located east of the Meeteetse Highway and was 
prepared partially in response to the proposed 1984 reservoir construction effort. The draft 
report offers several recommendations that would increase the overall efficiency of the irrigation 
system. This report focused on improving efficiency by reducing the number of diversions and 
overall ditch length within the District, which in turn would reduce seepage losses as well as 
lessen impacts to channel morphology. A summary of the pertinent recommendations is listed 
below: 

 Replace the diversion structures. 

 Reorganize and consolidate ditches eliminating 11 miles of channel reducing the 
seepage losses by approximately 20% as follows.  

o One new diversion and the consolidation of the Sun, Quartz, and Enlarged 
Quartz ditches. This would include one drop pipe and two inverted creek 
crossings. 
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o One new diversion and the consolidation of the Murphy and Morton ditches. This 
would include one inverted siphon. 

o One new diversion structure and the consolidation of the Perkins and Steele 
ditches. This would include one drop pipe structure. 

o One new diversion structure and the consolidation of the Homestead, Holder, 
Holly-Nichols, Holland, and Mahan ditches. This would require three drop pipe 
structures and an inverted siphon. 

o One new diversion structure and the consolidation of the South Sunnyside and 
the Warren ditches. This would include one drop pipe structure. 

o Using the same point of diversion as the South Sunnyside, consolidate the North 
Sunnyside, Toyne, and the Blake-Denton ditches. This would include two drop 
pipe structures. 

Twenty years have passed since the draft NRCS study results were published. 
Recommendations in this study were developed to eliminate seepage and to maximize the 
water assumed to be available from the previously proposed reservoir. Because the reservoir 
was never constructed, many of the original reasons supporting the proposed system 
modifications may have diminished. As described in the System Analysis section, many of the 
diversion dams are located directly adjacent to headgates and are designed to force a 
substantial portion of the creek flow into the ditch. This alignment creates problems with 
sedimentation, both within the ditch and at the point of diversion. The problem is exacerbated in 
most instances because the headgate is located along the outside of a meander bend, which 
means sediment laden water is directed into the ditch. 

The majority of diversion dams investigated in the field were constructed of concrete rubble 
and/or pieces of other various types of construction materials. It is assumed that the concrete 
rubble was used because it was readily available, relatively inexpensive, and had some ability to 
withstand the forces of high flow events. However, use of these materials limits the 
effectiveness of the diversion because of significant leakage, especially during lower flows. To 
combat this problem, many members attempted to seal the dam with a tarp to increase its 
efficiency during low flows.  

In the following sub-sections, a reconfiguration of the existing system of diversions is discussed. 
The reconfiguration is based on the original NRCS recommendations as reevaluated by LA. For 
each diversion point recommended to remain in service, LA suggests that the existing dams be 
replaced with a more permanent structure, such as a compound weir (see Appendix B, Sheet 
D2) or the NRCS design with a collapsible weir plate. If a compound weir design is selected, 
they can be constructed of a variety of materials, including rock, concrete, and sheet pile.  

Analyses of the local channel hydraulics, location, alignment, and configuration must be made 
prior to the installation of the dam. These analyses should ensure that the structure is 
hydraulically efficient during low flows to allow full diversion of the decreed right as well as 
minimizing the amount of flooding upstream during high flow events. Ideally, the base elevation 
of the low flow notch should be equal to the invert elevation of the headgate. Either the NRCS 
diversion dam design or a compound weir will allow for better flushing of sediment through the 
system.   
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As described previously, the location of each diversion dam with respect to the headgate has 
resulted in substantial volumes of sediment being directed into the ditch. For each diversion 
dam to be reconstructed, it is suggested that the dam be relocated downstream from the 
headgate approximately 30 feet. Dam relocation and height configuration as described in the 
previous paragraph should significantly improve the existing conditions at the various headgates 
that are recommended for reconstruction in the following sub-sections. First, the channel reach 
between the headgate and dam should act as a settling basin, where much of sediment being 
transported by the creek will be deposited. Second, sediment would no longer be directly forced 
into the ditch because backwater would be the source of flow through the headgate. Third, by 
constructing a compound weir as a diversion dam, much of the accumulated sediment would be 
sluiced through and remain in the fluvial system, which should reduce the geomorphic problems 
with the Creek described in the report. Generic designs for each type of proposed improvement 
to the irrigation distribution system are presented as Figures D1 through D6 that are located in 
Appendix B. 
 

a. Sun, Star, Quartz, and Quartz Enlargement Ditches 
 
The NRCS suggested combining these four ditches and rehabilitating the Sun diversion 
dam and headgate to increase the diversion capacity. The recent structure survey 
identified several problems with the Star, Quartz, and Quartz Enlargement headgates 
and diversion dams. Combining all four ditches using a single point of diversion could 
reduce maintenance costs, however, this alternative does little to reduce seepage losses 
because there is really no decrease in overall ditch length. Any reduction in seepage 
loss would primarily be associated with decreasing the Creek travel distance for the Star, 
Quartz and Quartz Enlargement headgates.  

Due to the limited decrease in seepage loss rates and sizeable expense associated with 
constructing an inverted siphon across the Gooseberry Creek valley to connect the 
entire system together, construction of the NRCS proposed system is not recommended. 
Rather it is suggested that rehabilitation efforts focus on improving individual structures 
and reducing seepage losses by other means as shown on Figure 3. The two ditches 
that require substantial upgrades to their diversion system are the Star and Quartz 
Enlargement. It is recommended that the Quartz Enlargement, the headgate structure, 
diversion dam, and wasteway be rebuilt. Figures D1, D2, and D4, respectively, located 
in Appendix B provide the design details for each of these structures.  

As described in the Inventory, the Star headgate is located on a high-flow channel of 
Gooseberry Creek. The confluence of the high-flow channel entrance and the Creek is 
located at the exit of a meander bend, along the outside bank. Channel stability in this 
reach is poor with an actively eroding outside bank and tight radius of curvature. Due to 
potential erosion problems, it is recommended that the check structure, which diverts 
water into the high-flow channel, be constructed of riprap to allow for some flexibility. 
Figure D5 provides general detail of the riprap structure. As part of the rehabilitation 
plan, the canal gate headwall should be rebuilt as shown on Figure D1.  

 

 



 
Lidstone and Associates, Inc. 11 Gooseberry Creek Storage Level II Study 
February 2007  WWDC - Cheyenne, Wyoming 
 
K:\OPEN\WYWDC107\FINAL LEVEL II STUDY\Final Level II Study.doc 
 

b. Morton – Murphy – Perkins – Steele Ditches 
 

The NRCS suggested connecting the Murphy to the Morton by means of an underground 
siphon. Based on the latest system inventory, this alternative appears to have merit, 
especially if the Perkins and Steele ditches are added to the realignment, as shown in 
Figures 4-1 and 4-2. Originally the NRCS suggested connecting the Perkins and Steele 
ditches. However, as described in the system inventory, channel stability at the Perkins 
headgate is problematic. Channel banks are, in part, held in place with Detroit riprap and 
concrete rubble that has been used to construct a five vertical foot drop structure. 
Immediately downstream of the headgate, the channel encroaches on the ditch to the point 
of almost being captured.  

Given the existing conditions at the Perkins, it is recommended that the District consider 
combining the Morton, Murphy, Perkins, and Steele into a single system. Based on initial 
water rights appropriation data, the redesigned system must have a minimum flow capacity 
of 13.7 cfs. The proposed realignment would eliminate approximately 2.2 miles of ditch and 
based on this ditch length reduction, create a savings of 0.85 acre-feet per day. This 
estimate is based on the calculated infiltration rate of 0.4 inches per hour, which is 
representative of the clay loam soils on the terraces. In reality, the seepage savings should 
be greater because the majority of ditch sections being removed under the proposal are 
located on sandy loam soils located directly adjacent to the Creek. 

To implement this alternative, the following upgrades to the system are proposed: 

 Rebuild the Murphy headgate using two 36-inch canal gates (Appendix B, 
Figure D1). 

 Replace the existing concrete rubble diversion dam with a compound weir 
constructed of concrete (Appendix B, Figure D2). 

 Stabilize the left bank of the Creek immediately upstream and downstream of 
the Murphy headgate with riprap (Appendix B, Figure D5). Riprap should be 
keyed into the channel bed a minimum of two feet to prevent undercutting 
through scour. 

 Enlarge a minimum of 5.8 miles of ditch to increase channel bottom width to a 
minimum of six feet to provide additional capacity during high flow periods. 

 Replace the Murphy’s existing 36-inch Parshall flume with a 60-inch flume.  
 Construct a Splitter Box immediately downstream of the Highway 431 Bridge 

to divert flow to the Morton Ditch through an inverted siphon. 
 Connect the Morton Ditch to the Murphy with a 42-inch diameter inverted 

siphon constructed from HDPE corrugated pipe. See Appendix B, Figure D6 
for a plan and profile view of the inverted siphon.  

 Install a new 36-inch Parshall flume downstream of the Murphy – Morton 
splitter box/inverted siphon connection to measure Murphy Ditch Flows. 

 Connect the Morton and Perkins ditches through the existing drain that is 
located along the eastern boundary of the Morton’s lowest irrigated land.  
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 Some minor improvements to the drain may be required to ensure adequate 
capacity, but no major structures are anticipated to be required. 

 Replace the existing Perkins Ditch diversion structure with an engineer-
designed riprap drop structure. 

 Connect the Perkins and Steele ditches through the existing Perkins drain; 
 Install a minimum of three additional 36-inch Parshall flumes beyond the two 

flumes previously described ensure adequate flow measurements throughout 
the system. 

 Construct a series of Splitter Boxes (Appendix B, Figure D3) to divert flow 
into lateral ditches to irrigate lands.  

c. Homestead – Holder – Holly Nicholls – Holland – Mahan Ditches 
 

The actual headgate for the Mahan Ditch was not located during the Level I investigation 
and it was quite obvious that the diversion dam had fallen into complete disrepair. It was 
also noted that the Parshall Flume was approximately 30-percent blocked with sediment. 
Because of the Mahan’s low priority, lack of maintenance, and its location on the south side 
of the Creek, the Mahan is not considered in the system upgrade analysis. The proposed 
system upgrade calls for connecting the remaining four ditches into a single system using 
the Homestead Ditch headgate as shown on Figures 5-1 and 5-2. Connecting all four 
ditches requires a minimum capacity of 13.6 cfs to fulfill the initial water rights appropriation 
of each individual ditch.  

Implementing this option will result in the net elimination of approximately 3.6 miles of ditch. 
Assuming an average bottom width of four feet and a seepage rate of 0.4 inches per hour, a 
minimum of 1.5 acre-feet of water can be saved every 24 hours by eliminating this length of 
ditch. To implement this alternative, the following upgrades to the system are proposed: 

 Rebuild the Homestead headgate using two 36-inch canal gates (Appendix B, 
Figure D1). 

 Construct a concrete compound weir diversion dam as shown in Appendix B, 
Figure D2. 

 Replace the existing Homestead Parshall Flume with a 60-inch model to prevent 
backwater issues and increase capacity.  

 Enlarge a minimum of 7.2 miles of ditch to increase channel bottom width to a 
minimum of six feet to provide additional capacity during high flow periods. 

 Utilize the existing drain as the connection between the Homestead and Holder 
ditches. Some minor excavation may be required to ensure adequate capacity 
exists. 

 Utilize the existing drain as the connection between the Holder and Holly-
Nicholls Ditches. Some minor excavation may be required to ensure adequate 
capacity exists. 

 Replace the existing Holly-Nicholls Ditch diversion structure with an engineer-
designed riprap drop structure. 



 
Lidstone and Associates, Inc. 13 Gooseberry Creek Storage Level II Study 
February 2007  WWDC - Cheyenne, Wyoming 
 
K:\OPEN\WYWDC107\FINAL LEVEL II STUDY\Final Level II Study.doc 
 

 Establish a connection between the Holly-Nicholls and Holland Ditches using an 
ephemeral drainage that is located adjacent to the eastern most lands irrigated 
by the Holly-Nicholls. To ensure a stable connection between the two ditches, a 
6-foot pipe drop (Appendix B, Figure D4) would be installed to establish a 
connection slope of one-percent slope. 

 Install a minimum of three additional 36-inch Parshall flumes beyond the 60-inch 
flume previously described to ensure adequate flow measurements throughout 
the system. 

 Construct a series of splitter boxes (Appendix B, Figure D3) to divert flow into 
lateral ditches to irrigate lands. Figures 5-1 and 5-2 detail the location of the 
minimum number of splitter boxes that are required to operate the system.  

There are a few issues that must be dealt with under the proposed reconfiguration. First, 
the Holder Ditch bisects lands associated with the Homestead Ditch. The proposed 
alignment assumes that once this reach of the Holder Ditch is removed from service that 
the entire parcel can be irrigated strictly from the Homestead. If the assumption is 
incorrect, a splitter box on the Homestead Ditch and a lateral ditch could be constructed 
to divert water south which would then reconnect to the abandoned section of the 
Holder. 

Second, within Township 47N, Range 95W, Sections 30 and 31, the northern portion of 
these irrigated lands are associated with the Holder Ditch, while the southern portion is 
associated with the Holly-Nicholls. If water rights issues precluded all of the lands being 
irrigated from the Holder Ditch, a splitter box would need to be constructed. From this 
Holder Ditch splitter box, a lateral ditch would be cut south along an old two-track road 
that accesses an abandoned residence. The lateral would then be connected to a 
section of the abandoned reach of the Holly-Nicholls. All remaining Holly-Nicholls 
irrigated lands would be covered through the natural connection between the Holder 
Ditch overflow and the Holly-Nichols.  

d. North Sunnyside – Toyne – Blake Denton Ditches 
 
The proposed realignment calls for connecting the North Sunnyside, Toyne, and Blake 
Denton Ditches into a single system and using the North Sunnyside diversion point. 
Connecting the three ditches requires a minimum capacity of 12 cfs to meet the demand 
established through initial water right appropriations. Implementing this plan will 
eliminate approximately three miles of ditch and will save approximately 1.1 acre-feet of 
water for every day of irrigation. The estimated savings is based solely on retiring three 
miles of ditch and does not address the potential additional savings associated with 
decreased losses to the Creek alluvium from the consolidation of diversion points. 

Figure 6 provides a graphical representation of the proposed system alignment and the 
general location of the various structures. To implement this alternative, the following 
upgrades to the system are proposed:  

 Rebuild the North Sunnyside headgate using two 30-inch canal gates 
(Appendix B, Figure D1). 
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 Construct a concrete compound weir diversion dam as shown in Appendix B, 
Figure D2. 

 Stabilize the right bank of the Creek immediately upstream of the North 
Sunnyside headgate with riprap (Figure D5). Riprap should be keyed into the 
channel bed a minimum of two feet to prevent undercutting through scour. 

 Replace the existing North Sunnyside 30-inch Parshall Flume with a 48-inch 
model to prevent backwater issues and increase capacity. 

 Enlarge a minimum of 4.8 miles of ditch to increase channel bottom width to a 
minimum of six feet to provide additional carrying capacity during high flow 
periods. 

 Replace the existing Toyne Ditch diversion structure with an engineer-designed 
riprap drop structure. 

 Establish the connection between the North Sunnyside and Toyne Ditches using 
the existing drain from the North Sunnyside. Some enlargement would probably 
be required to ensure adequate capacity to supply flow for both the Toyne and 
Blake Denton Ditches. ** Note: Lands currently irrigated by the Toyne Ditch 
were originally appropriated under the Sunnyside Canal. It appears that when 
the Toyne Ditch was constructed, a portion of the new ditch utilized the last 
7,000± feet of the original North Sunnyside Ditch.   

 Establish a connection between the Toyne and Blake-Denton Ditches using an 
existing ephemeral drainage. The connection length is approximately 1,500 feet 
with a drop of approximately 30 feet. To ensure a stable connection slope, a 15-
foot pipe drop (see Appendix B, Figure D4) would be constructed to maintain a 
slope of one-percent.  

e. South Sunnyside – Warren 
 
The proposed realignment calls for connecting the South Sunnyside and Warren ditches 
together into a single system and using the South Sunnyside diversion. Some 
precedence for this connection already exists with the South Sunnyside serving as the 
supply ditch for the Sunnyside Reservoir that ultimately discharges into the Warren 
Ditch. Connecting these two ditches would eliminate approximately one mile of the 
Warren Ditch and save approximately 0.3 acre-feet of water per day of operation.  

Figure 7 details the proposed realignment and the general location of the proposed 
structural upgrades to the existing system. To implement this alternative, the following 
upgrades to the system are proposed:  

 Rebuild the South Sunnyside headgate using one 36-inch canal gate (Appendix 
B, Figure D1). 

 Construct a concrete compound weir diversion dam as shown in Appendix B, 
Figure D2. 

 Establish a connection between the South Sunnyside and Warren ditches by 
constructing a 12-foot pipe drop (Appendix B, Figure D4), cutting a short 
section of ditch, and ultimately tying into the existing Sunnyside Reservoir 
outfall. 
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 Enlarge 2.1 miles of ditch to ensure adequate high flow capacity to 
accommodate the addition of Warren Ditch flows.     
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4.0 GROUND WATER OPTIONS 
Five ground water options were analyzed as part of the Level II investigation. Each option is 
described below. Results of the ground water investigation are summarized at the end of this 
section.   

4.1 Option A – Red Ridge 2-1, Abandoned Oil Well 
 The Level I study identified the location of an oil well, known as Red Ridge 2-1 that was a 
“duster” just east of the Meeteetse Highway. Completion records for the well were obtained from 
the Wyoming Oil and Gas Commission Database and indicate that drilling was stopped at the 
Amsden formation, approximately 14,000 feet below ground surface. Based on the Driller’s Log, 
the first 4,800 feet of the hole have been cased and the remainder of the well is an open hole 
completion. The overall condition of the well is unknown. A copy of the Drillers Log is presented 
in Appendix C.  
 
According to some District members, the well was tested sometime in the past and produced in 
the range of 600 to 700 gpm. Records from the Bureau of Land Management (BLM) - Worland 
Field Office and the Wyoming Oil and Gas Commission were researched and no production 
records could be found to verify the asserted production capacity. The open hole completion 
runs basically from the top of the Cody Formation to the Amsden. Within this column, only the 
Tensleep formation has been documented as a major water producer, the remainder of the 
formations within the stratagraphic column generally have yields on the order of 10 to 100 gpm. 
Tensleep formation well yields in the Bighorn Basin have been observed to range from 20 to 
250 gpm. 

According to Libra et al, 1981, the porosity of the Tensleep formation is approximately 15 
percent to depths of 5,000 feet and decreases to four percent at depths of 10,000 feet or 
greater. According to the Red Ridge 2-1 log, the depth to the Tensleep formation is 13,900 feet, 
suggesting that the formation porosity is rather low. Correspondingly, this would indicate that the 
yield is at the lower end of the documented production spectrum. Based on this assumption and 
the rather low yield of the remaining aquifers within the column, it may be concluded that the 
well may not produce the quantity of water that it was originally thought to have. The only way to 
have a true understanding of the well’s capability is through an aquifer test, which is beyond this 
investigation’s scope of work.  

Water quality data for the well were obtained from the BLM – Worland Field Office. Table 4-1 
summarizes the data and a copy of the analysis sheet can be found in Appendix C.  

Table 4.1 Red Ridge 2-1 Water Quality 
Variable Quantity Variable Quantity Variable Quantity 

Sodium 360 (mg/l) Sulfate 560 (mg/l) TDS 1678 (mg/l) 
Calcium 30 (mg/l) Chloride 14 (mg/l) pH 8.5 (si) 
Magnesium 71 (mg/l) Bicarbonate 622 (mg/l) SAR 8.2 (si) 

 
The Sodium Absorption Ratio (SAR) was not reported by the analytic Laboratory, but rather was 
calculated based on the reported concentrations of sodium, magnesium, and calcium. To 
calculate SAR all concentrations were converted from mg/l to meq/l. The formula used to 
calculate SAR is as follows: 
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SAR = Na / ((Ca + Mg) / 2)0.5 

From Chapter 8 of the Wyoming Department of Environmental Quality – Water Quality Division 
(WyDEQ/WQD) Rules and Regulation's, the agricultural water quality suitability standards for 
ground water are: 

 Sulfate - 200mg/l Chloride - 100 mg/l SAR – 8.0 TDS - 2000 mg/l pH – 4.5-9  

A comparison of this well’s water quality to the Chapter 8 standards would suggest that water 
would be considered marginally suitable for irrigation, at best. Sulfate levels are almost three 
times that of the recommended limit and the SAR is at the maximum of the suitability limit. If 
Red Ridge 2-1 water were to be utilized for irrigation, District members should ensure that a 
reasonable volume of Gooseberry Creek water is applied to eliminate the build up of a sodic 
layer within the rooting zone. Table 4-2 provides some water quality data collected from 
Gooseberry Creek at Dickie Gage (USGS Gage Station # 06265800) on July 11, 1978 at a 
discharge of 14 cfs. 

Table 4.2 Gooseberry Creek Water Quality 
Variable Measured Concentration WyDEQ/WQD Ag Standard 

Sodium 49 (mg/l)  
Calcium 53 (mg/l)  
Magnesium 33 (mg/l)  
Sulfate 150 (mg/l) 200 (mg/l) 
Chloride 7.3 (mg/l) 100 (mg/l) 
Bicarbonate 240 (mg/l)  
Total Dissolved Solids (TDS) 270 (mg/l) 2,000 (mg/l) 
pH 8.2 (si) 4.5 to 9 (si) 
SAR 1.0 (si) 8.0 (si) 

 
The data indicate that the Gooseberry Creek water quality is within the recommended 
agricultural limits established by the WyDEQ/WQD. During times of high flow, especially after 
the initial flush should be adequate to provide for the flushing of salts. 

4.2 Option B – Trans-basin Diversion of Ground Water from Grass Creek  
 
During the Level I investigation (Lidstone, 2005), LA identified a group of oil wells in the upper 
reaches of the Grass Creek basin that were discharging approximately 10 cfs of water 
according to Wyoming State Engineer’s Office (WySEO) records. Because of the limited 
difference in elevation between the Grass and Gooseberry Creek basins, water could be 
delivered to Gooseberry Creek with very limited pumping. Subsequent to the Level I 
investigation LA met with representatives of Marathon Oil, owners of the Grass Creek Field, to 
discuss the possibility of being able to collect this water and divert it to Gooseberry Creek. From 
the meeting LA learned that Marathon produced a total of 170,000 barrels of water per day or 
approximately 11 cfs, which is very close to LA’s estimate from WySEO records. 

Marathon told LA that they were currently re-injecting 150,000 barrels per day and were looking 
for a place to discharge the remaining 20,000 barrels. This volume equates to approximately 
580 gpm or 1.3 cfs, which is approximately 12% of the original volume expected to be available. 
The reduced supply of readily available water did not make the option as attractive as once 
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originally thought. Because the water was being re-injected, LA concluded that either the water 
was required for production and/or no longer was of sufficient quality to meet NPDES discharge 
standards. LA contacted the WyDEQ/WQD to ascertain if a UIC permit had been issued and 
learned that one had been issued through the Wyoming Oil and Gas Commission (WyOGC).  

LA requested Marathon supply them with some water quality analysis data before pursuing this 
option any further. Table 4-3 below provides water quality data from several wells located in 
various formations. As shown, water derived from the wells within the Grass Creek oil field is not 
suitable for irrigation. Based on the WyDEQ/WQD agriculture suitability standards and allowing 
for some latitude for interpretation because the established concentration limits are to some 
degree generic, it is rather obvious that applying this water for irrigation has the potential to ruin 
agricultural lands. For example, in most instances the SAR appears much larger than the 
WyDEQ/WQD standard. It is LA’s disposition that this alternative should be discarded from any 
further evaluation based on water quality. 

Table 4.3 Grass Creek Field – Marathon Oil Water Quality Data 
 Mill Iron 

116T 
Meeteetse 

267 
Curtis # 

54 
State 

Land # 16 
Pre-Ten 
# 16-D 

WyDEQ/WQD 
AG Std. 

Formation Tensleep Madison Curtis Frontier Darwin NA 
Sodium (mg/l) 1,240 517 4,130 2,210 525  
Calcium (mg/l) 637 587 718 22 488  
Magnesium (mg/l) 111 119 120 3 111  
Sulfate (mg/l) 2,240 1,520 4,190 54 1,160 200 
Chloride (mg/L) 918 428 3,320 882 426 100 
Bicarbonate (mg/l) 1,952 1,555 2,702 4,569 1,952  
TDS (mg/l) 6,220 4,130 13,500 5470 3,730 2,000 
pH (su) 6.69 6.88 6.75 7.34 6.69 4.5 – 9.0 
SAR (calculated) 11.9 5.1 37.6 117.2 5.6 8.0 

  
4.3 Option C – Increase Production from Little Buffalo Basin   
During a June 28, 2006 meeting with the District, LA was requested to evaluate the possibility of 
approaching the Citation Oil and Gas Company about increasing production from the Little 
Buffalo Basin Field. Subsequent to the meeting, LA performed a reconnaissance level 
investigation of this option. It was estimated during the week of June 26, 2006 that the 
discharge in Buffalo Creek at the Highway 120 crossing was approximately four cfs. During this 
same week, LA completed survey work of each ditch within the District. While at the Murphy and 
Morton ditches, which are the first two headgates downstream of the Buffalo-Gooseberry Creek 
confluence, there was no flow in the creek. This observation would indicate that the 10-11 mile 
long reach downstream of the Highway 120 crossing is extremely permeable. To take 
advantage of any potential gain in Citation Oil and Gas Company’s production would require the 
installation of a transmission line to eliminate losses. 

LA’s previous pipeline construction experience and recent increases in pipe cost suggested that 
pursuing this avenue could be expensive and further investigation of water quality should be 
performed before giving further consideration to this option. LA obtained data from the WyOGC 
online database for four wells within the Little Buffalo basin. Table 4-4 below provides a 
synopsis of the data obtained.  
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Table 4.4 Little Buffalo Basin Field – Citation Oil and Gas Company Water Quality Data 
 231 LBB 

DSU 
16 LBB 

DSU 
3 LBB 26 26 

EM-TP 
WyDEQ/WQD 

AG Std. 
Formation Tensleep Embar Embar Embar  
Sulfate (mg/l )   1,700 1,298 3,200 2,800 200 
Bicarbonate (mg/l) 1,184 1,336 1,326 1,342  
Chloride (mg/l) 472 873 579 564 100 
Sodium (mg/l) 724 490 1,413 1,389  
Calcium (mg/l) 610 394 671 544  
Magnesium (mg/l) 66 134 114 101  
TDS (mg/l) 4,200 4,794 7,318 6,754 2,000 
pH (si)  6.38 7.2 8 4.5 – 9.0 
SAR (calculated) 7.4 5.4 13.3 14.3 8.0 

 
While the water quality generally does not appear to be as poor as that measured in the Grass 
Creek field, the quality of the produced water is far from the best to be applied for irrigation 
water. A brief discussion with Roland Peterson (WyDEQ/WQD) would indicate that the National 
Pollutant Discharge Elimination System (NPDES) levels being established for the Little Buffalo 
Basin Field are based on the Livestock Standards from Chapter 8 of the WyDEQ/WQD Rules 
and Regulation's. The standards are  

Sulfate - 3000mg/l Chloride - 2000 mg/l TDS - 5000 mg/l 
 
As shown, some of the parameters from individual wells fail the test, but probably by the time all 
discharges reach the NPDES point of compliance, the commingled discharge water meets the 
standard. LA believes the primary reason the WyDEQ/WQD used the livestock parameters for 
NPDES standards on this drainage are due to lack of irrigated lands within the Buffalo Creek 
Basin downstream. Given the water quality data that are publicly available, it is ill advised to use 
Citation Oil and Gas Company’s discharge water as a sole supply source for irrigation. 

4.4 Option D - Alluvial Ground Water Source 
The alluvium along Gooseberry Creek is composed of unconsolidated floodplain and terrace 
deposits. Alluvial deposits generally consist of silts, sands, gravels, and boulders. Depending on 
location, the terrace deposits range from 10 to 50 feet in thickness and the floodplain deposits 
vary from 20 to 90 feet in thickness. The combined thickness of the alluvial deposits is generally 
less than 100 feet (Libra et al, 1981). 

Alluvium derived from high mountain sources generally has coarser composition than the 
alluvium derived from local sources within the valley. Therefore, it can be reasonably expected 
that the higher locations in the basin would have greater permeability’s than those located within 
the irrigated valleys. Hydrologic data for the alluvial aquifer within the District boundaries is 
sparse at best. Data compiled by Libra et al, 1981 indicated that specific capacities of Bighorn 
Basin alluvial wells range from 0.5 to 25 gpm/ft and have an average yield of 33 gpm. 

Although this pumping rate is relatively low when being evaluated in terms of irrigation, it was 
thought that it could be sufficient to irrigate small areas of land or if a battery of alluvial wells 
could be developed run a small sprinkler system. To evaluate this alternative, two alluvial wells 
were completed at locations shown on Figure 8. The purpose of the investigation was to 



 
Lidstone and Associates, Inc. 20 Gooseberry Creek Storage Level II Study 
February 2007  WWDC - Cheyenne, Wyoming 
 
K:\OPEN\WYWDC107\FINAL LEVEL II STUDY\Final Level II Study.doc 
 

evaluate expected pumping volumes and the second was to investigate the potential influence 
of Little Buffalo Basin oil field discharges on water quality. 

On September 6, 2006, two alluvial wells were completed on private property, approximately 20 
feet from the channel bank. In both instances the alluvium was approximately ten feet thick and 
the water table elevation was approximately three feet below the channel bed. The wells were 
four-inch PVC casing and the aquifer was screened with 0.020 continuous slot screen. 
Schematic diagrams of each well completion are available in Appendix C. There was a 
significant difference in the alluvial material between the upstream and downstream wells. In the 
case of the upstream well the material is a silty gravel where as the downstream alluvial 
material is classified as a silty sand.  

Because of the limited yield in both instances, a long-term aquifer test was not conducted. At 
the upstream location, a slug test was conducted to estimate hydraulic conductivity. The 
hydraulic conductivity was estimated at approximately one gpm/day/ft2, which is in the range of 
values reported by Freeze and Cherry, 1979 for a silty sand. Based on limited bailing of the well, 
it is estimated that upstream well could safely produce approximately four to five gpm. In the 
case of the downstream well, no aquifer test was conducted because there was a significant 
decline in productivity when compared to the upstream well. The well was bailed dry and after a 
period of three hours had only partially recovered. 

Water quality samples were collected from both wells to determine whether there was a change 
in alluvial aquifer water quality moving in a downstream direction. Table 4-5 provides a synopsis 
of the water quality analysis results from the two wells and also a comparison to the agricultural 
and livestock water quality standards established by the WyDEQ/WQD. As shown there is a 
substantial increase in TDS, sodium, chloride and sulfate concentration moving in a 
downstream direction. Without further analysis, it cannot be determined if the discharges from 
the Little Buffalo Basin oil filed are the sole cause of the increase, but it can be reasonably 
assumed that they do have some influence on alluvial water quality.  

Table 4.5 Alluvial Well Water Quality Data 
 Barnett 

Alluvial Well 
Slover 

Alluvial Well 
WyDEQ/WQD 

AG Std. 
WyDEQ/WQD 

Stock Std. 
Sodium (mg/l) 192 1,110   
Calcium (mg/l) 93 347   
Magnesium (mg/l) 97 349   
Sulfate (mg/l) 512 3,810   
Chloride (mg/l) 40 359 100 2,000 
TDS (mg/l) 1,230 6,300 2,000 5,000 
Conductivity (umhos/cm) 1,900 7,530   
pH (si) 7.8 7.8 4.5 – 9.0 6.5 – 8.5 
SAR (s.u.) 3.3 10.1 8.0  

 
In summary, the alluvial aquifer does not really offer any potential as an irrigation source due to 
the limited production rates observed. However, it does provide for some opportunities as a 
stock water source for the two to three landowners that are located in the upper most reaches of 
the District. Due to poor production rates and water quality issues, its use as a stock water 
source in the lower part of the District is probably limited to the early part of the runoff season 
when the water table is high and some potential improvement in water quality could be realized. 
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4.5 Option E - Tertiary Aquifer System 
The majority of domestic wells within the District appear to be completed in the Tertiary Aquifer 
system consisting of the Willwood and Fort Union formations. Because this aquifer system 
serves as a domestic supply source with no treatment, water quality was assumed to be 
acceptable for agricultural use. LA also became aware that one of the District members, Jay 
Mathews, recently completed a well in T47N, R96W, Section 26 and connected it to a small 
gated pipe irrigation system. Based on this information, LA conducted a brief investigation of the 
Tertiary Aquifer system and a description of the two Tertiary formations is found below.  

Willwood Formation 
Varicolored interbedded claystone and channel sandstone. Sandstone is locally 
conglomeratic and the content of the formation ranges from three to 88 percent with 
the average being 25 percent. Ground water occurs in sandstone lenses that are often 
small, making it difficult to locate productive wells for stock or domestic uses.  The 
formation is about 2,500 feet thick in the center of the basin. Specific capacity has a 
mean value of about 0.4 gpm/ft with the most common range between 0.01 and 1.5 
gpm/ft. Values as high as 6.0 to 20.0 gpm/ft have been reported in parts of Park 
County. Throughout the basin, the Willwood, to a lesser extent the Fort Union, and 
other Upper Cretaceous aquifers are capable of yielding small quantities of water, 
generally less than 25 gpm. Several larger yields ranging from 50 to 100 gpm have 
been reported. 

Fort Union Formation 
Claystone, siltstone, and sandstone with some carbonaceous material. Crossbedding 
and channel sandstones are common; individual strata are rarely traceable for more 
than a few hundred yards. Conglomeratic material is locally abundant. The formation is 
as much as 5,000 feet thick along the axis of the Basin (600 – 3,500 feet SW- central 
region). Ground water yields generally less than 20 gpm throughout the basin. 

To assess local aquifer properties of the Willwood formation within the District, and abbreviated 
aquifer test was conducted on Slover #1, a domestic well, located in T47N, R97W, SWNE of 
Section 35. This well is completed to a depth of 440 feet and screened between 400 and 440 
feet. The well was pumped for 75 minutes at a rate of 22.5 gpm and then allowed to recover to 
within four feet of the starting water surface elevation. Time-Displacement data were collected 
over the entire length of the test and are presented in Appendix C. 

Pumping data was analyzed using the Cooper-Jacob method and a transmissivity of 74 gpd/ft 
and a storage coefficient of 0.36 were estimated. Recovery data were analyzed using the Theis 
method and a transmissivity of 112 gpd/ft and a storage coefficient of 1.93 were estimated. The 
storage coefficient estimates are significantly high for a confined aquifer and therefore, are 
considered unrealistic. Over the test period, the water level in the well was drawn down 134 
feet. Specific capacity can be estimated by dividing the pumping rate (22.5 gpm) by the 
drawdown of 134 feet, which gives a value of 0.17. This is close to the mean value of 0.4 gpm/ft 
reported in the literature.  

The Mathews well was completed to a depth of 240 feet. Discussions with Jay Mathews 
indicated that the pump was set at a depth of 200 feet. During the irrigation season, the well 
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was pumped nearly continuously for a period of 30 days at a rate of 40 gpm and never ran out 
of water. There are no direct water level measurements available for this operational period, but 
a rough estimate of 0.2 for this well’s Specific Capacity can be made based on the available 
data. Again, this value is within the common range of values noted above. 

The most significant problem with the Tertiary formations as a source of irrigation water is the 
discontinuity of the sandstone lenses, which are the primary water bearing units within these 
formations. Wells completed in the Willwood Formation within the Gooseberry Creek drainage 
may yield as much as 50 gpm or as little as two gpm based on results reported in the literature. 
LA is also aware that the Slover Well (T47N, R97W, SWNE of Section 35) and the Mathews 
Well (T47N, R96W, Section 26) are both artesian where as wells completed in the vicinity of 
T46N, R96W, Section 33 are not and are known to have reduced yields in comparison to the 
Slover and Mathews wells. Thus, there are no guarantees that a well completed in the Willwood 
Formation will have a yield of 30 to 40 gpm.  

4.6 Ground Water Option Summary 
Option A does offer some possibilities, but at a minimum a video log should be completed to 
assess the over all condition of the well before pursuing this option. Options B and C do not 
appear to be feasible based on discharge water quality and the potential to reduce crop yield 
through the accumulation of salts within the rooting zone. Option D is not viable due to poor 
yield and, in the lower two thirds of the District, poor water quality. Option E does afford some 
opportunities for irrigating small parcels that have an areal extent of 20 to 40 acres. If a District 
member opts to complete a well to irrigate some limited acreage, the member should consider 
also investing in some capital to improve the efficiency of the irrigation system. For example, 
neglecting seepage losses, irrigation using an open ditch is only 35% efficient, with gated pipe 
efficiency increases to 50% and if a big gun sprinkler is used, efficiency increases to 70%.   
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5.0 ALTERNATE CROPS 
As part of the 2005 Level I (Lidstone, 2005) and 2006 Level II study, LA did not conduct a 
thorough review of WySEO diversion records. Review of the original Level I report prepared by 
Leonard Rice Consulting Water Engineers (Rice) indicates that ditches within the District which 
have a priority date post 1907 have historically had problems obtaining water. Rice’s statements 
are, in part, based on an examination of the hydrographer’s records from 1975, 1976, 1978, and 
1979. Examination of precipitation records from the Grass Creek station indicates that 
precipitation ranged anywhere from 92 to 136 percent of normal during this period. With the 
onset of drought conditions in 2000, the cutoff priority date for water availability during the 
irrigation season is much closer to 1903, meaning that only the Sun, Star, Quartz, Enlargement 
of the Quartz, and Perkins ditches receive water and in several instances diversion has been 
limited to the Sun and Quartz ditches, which have a 1901 priority. 

The Level I study prepared by LA as well as previous watershed studies completed by Rice, 
1983 and others documented the shortage of irrigation water. Irrigation lands mapping prepared 
as part of the Wind-Bighorn Master Plan illustrates the impact to production within the 
Gooseberry Creek watershed. All reports indicate that on an average basis, volume of water 
produced by the basin is only able to support the initial water rights filings for each ditch. In 
addition because of the basin’s limited high elevation area, water availability in the latter half of 
the irrigation season has been problematic. As a result, the District’s average crop yield is lower 
than other irrigators in the Bighorn Basin.  

Field reconnaissance during 2005 and 2006 indicates that alfalfa and grass hay comprise the 
majority of the crops raised within the District. Near the mouth of the creek, water is pumped 
from the Bluff Ditch to irrigate corn, sugar beets, and cereal grains. Historically within the heart 
of the District, cereal grains were also raised. This statement was corroborated through 
personal interviews as well as noting various pieces of old threshing equipment while 
conducting field investigations of the irrigation system network. Research indicates that the 
majority of these other crops were not necessarily marketed as a crop, but rather were grown 
for feed. Most of the cereal grains have a lower water requirement when compared to the alfalfa 
being currently raised by the majority of District members. 

 

 

 

 

 
 
 
 
 
 
 
 

 
 
1962 Massey Ferguson 72 combine with a pick-up 
header for harvesting barley or oats 

 
 
Steel grain drill (manufacturer unknown) with a grass 
seeder 
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Pochop et al, 1992 developed estimates for the consumptive use and irrigation requirements for 
various crops throughout Wyoming. The estimates were based on a revision to the Blaney-
Criddle formula as described in Teagarden, 1992. No estimates are available for the 
Gooseberry Creek watershed, however the estimates for Thermopolis serve as a reasonable 
basis for comparison. The estimated annual consumptive use for alfalfa is 33.4 inches and the 
irrigation requirement is 24.5 inches. In comparison, spring cereal grains, such as barley and 
oats, have an estimated annual consumptive use of 18.1 inches and an irrigation requirement of 
12.8 inches. Aside from the month of June, monthly irrigation demands are less for cereal grains 
than they are for alfalfa. 

With a substantial portion of the western United States being influenced by drought over the last 
several years, there has been a significant amount of research performed on drought resistant 
crops. In addition to barley and oats, other crops such as triticale, offer a possibility. Each of 
these is an annual crop and could be planted when the precipitation forecast is for something 
less than normal. During the 2006 field investigation, there were several fields, especially at the 
lower end of the District, where the alfalfa exhibited severe signs of drought. While alfalfa is 
relatively hardy and can go dormant, protecting the plant from drought, this does little to provide 
the landowner with the required forage to raise livestock.  

Converting some of this acreage to an annual crop, such as barley, oats or triticale, with a lower 
consumptive use requirement has the potential to provide more forage to the landowner when 
compared to current production. In the case of oats and triticale, both are conducive to hay 
production where as barley is better suited to silage. This limitation could influence the 
landowner’s decision regarding whether barley serves as a viable option for forage production. 
Nevertheless, barley still serves as a good forage crop if utilized as pasture ground. 

Another option is to permanently convert some fields from irrigated alfalfa to another perennial 
species or species mix that provides reasonable hay production under dryland conditions. 
Colorado State, Montana State, and North Dakota State universities have all performed 
research involving dryland hay production. One option could be to reseed a portion of once 
irrigated land to wheatgrass. Crested, pubescent, and intermediate varieties perhaps offer some 
of the best options for dryland farming. Many of these species are fairly drought resistant and 
can easily grow in areas where the annual precipitation is eight to ten inches. Though not quite 
as palatable as alfalfa, crested wheatgrass produces good quality forage, but is generally better 
suited to pasture than hay production.  

Alternately or in addition a District member could use a seed mixture of dryland alfalfa and 
wheatgrasses. Several dryland alfalfa varieties exist that provide a reasonable yield, some of 
which include Narragansett, Du Puits, and Ladak 65. Studies by North Dakota State University 
at the Dickerson Experiment Station have shown dryland alfalfa yields in the range of 1.1 to 1.4 
tons/acre. Grass-alfalfa mixtures cut for hay at North Dakota’s Dickinson Experiment Station 
produced 1.15 tons of dryland hay and grass mixtures without legumes (e.g., alfalfa) produced 
only 0.8 tons of hay per acre. The average yield advantage on dryland for a grass-alfalfa 
combination over grass without legumes was 32.3 percent over the four-year study period. 

Information obtained by LA during the Level I study indicated that the average yield for the 
District was approximately 1.5 tons/acre. It can be reasonably assumed that this yield estimate 
was for irrigated land. When compared to other hay yield estimates in the Bighorn Basin, the 
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yield is low due to the shortage of irrigation water. This water shortage limits irrigated hay 
production to a single cutting for most years and during exceptionally good water years it is 
possible to get two cuttings. If modifications were made to the existing operations such that a 
portion of the existing irrigated lands were converted to dryland, which could be irrigated during 
times when sufficient water is present, it may be possible to increase overall production. 
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6.0 DISTRICT ECONOMICS 
The District was formed to provide a means for the landowners to collect an annual assessment 
for projects, which could increase the amount of water available for irrigation. 

The District consists of landowners along Gooseberry Creek east of Highway 120 and west of 
the land irrigated by the Bluff Ditch at the mouth of Gooseberry Creek. There is a potential 
membership of 25 landowners and approximately 3,200 acres potentially enrolled. 

6.1 District Financial Evaluation 
A preliminary economic evaluation has been completed to determine how much money would 
be available for any proposed project. The District requested that an assessment of $25 per 
acre be used to determine the maximum amount of funds available. If 3,200 acres are assessed 
at $25 per acre per year the annual income would be $80,000. Assuming that 20% of the annual 
assessment is used for Operations and Maintenance (O&M) ($16,000), the maximum annual 
income available for debt service is $64,000, as shown in Table 6.1. 

Table 6.1 Gooseberry Irrigation District Economic Information 
Total Irrigated Acres 3200 Acres Enrolled as of Sept. 7, 2005 
80% Irrigated Acres Billed 2560 Equates to approximately 100 acres/member 
Cost Per Acre $25.00  
Annual Income (100%) $80,000.00 100% of Irrigated Acres Included 
Annual Income (80%) $64,000.00 80% of Irrigated Acres Included 
Assumed Annual O&M 20% of Annual Income 
Annual O&M (100%) $16,000.00  
Annual O&M (80%) $12,800.00  
Funding Source (Loan %) 33%  
Funding Source (Grant %) 67%  
Interest Rate 4.00%  
Loan Maturity 30 Years 
Maximum Loan Amount $1,127,440.57  100% of Irrigated Acres Included 
Maximum Project $3,416,486.58   
Minimum Loan Amount $901,952.46  80% of Irrigated Acres Included 
Minimum Project $2,733,189.26   

 
This translates to a maximum project cost of $3.42 million available to the District assuming that 
WWDC provides a grant for 67% of the total costs. 

Individually, the landowners face tough economic conditions within the District. During the 
above referenced meeting in September 2005, members of the District indicated that the  
average yield per acre for alfalfa/grass is approximately 1.5 tons per year over the past seven 
years with an average sale value of $70 per ton. If land and harvesting costs are included in the 
analysis, this means, on average, that District members are losing approximately $45.59 per 
acre. In order for the field to break even, a yield of between 2.3 and 2.4 tons per acre must be 
realized. If the District is assessed $25 per acre per year the yield would need to be between 
2.8 and 2.9 tons per acre to allow the land owner to break even. This represents approximately 
double the present yield. 
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7.0 RECOMMENDATIONS 

7.1 Project Findings 
The original goal of this project was to locate and develop a supplementary source(s) of 
irrigation water. Development of this source needed to be balanced with the District’s ability to 
pay. The Level I Investigation basically eliminated the large reservoir concept due to overall cost 
and the limited potential for a reservoir to meet irrigation demand during drier years. Since the 
original WWDC studies in the early 1980’s, many of the surface water rights that were 
potentially available then are no longer available today. Thus, transbasin diversions do not 
appear to be a viable option. Lastly, an evaluation of purchasing water from the Bureau of 
Reclamation and pumping up along the highway was also evaluated, but due to initial and 
annual operations and maintenance costs, the option was eliminated. 

During the Level II study, a number of ground water options were evaluated. Diverting water 
from the Grass Creek Basin oilfield and increasing the existing usage of Little Buffalo Basin 
oilfield water were evaluated. Both of these options were eliminated due to poor water quality 
and potential damage to agricultural fields. Pumping water from an abandoned oil well located 
at the upper limit of the District boundary was also evaluated to a limited degree. Water quality 
from this well appeared to be fair, but no information was available concerning yield. Further 
study of the well, such as a video to evaluate condition or an aquifer test to evaluate production, 
was beyond the Level II project Scope of Work. 

A preliminary assessment of two other ground water options was performed. Two alluvial wells 
were completed to assess production capability and water quality. Testing results did suggest 
that alluvial aquifer water quality deteriorated progressively in an eastward direction to the point 
that it exceeded stock quality standards for some parameters. Production assessment 
suggested that the alluvial aquifer could be used as a stock source for members located at the 
upper end of the District, but for those east of the Hot Springs – Washakie County line it was of 
no value. 

A short-term aquifer test was performed on the Tertiary Willwood formation. Test results were 
similar to those reported in the literature. Generally, a well completed in this formation could be 
expected to produce in the range of 30 to 40 gpm. The other problem that confronts further 
development of this source concerns power availability, which is limited to single phase. With 
this limitation the production rate will probably not exceed 40 gpm because of the amount of 
head that must be overcome. Therefore, aside from irrigating small acreage, generally speaking 
40 acres or less, with gated pipe or a big-gun sprinkler to ensure the greatest efficiency this 
aquifer does not yield sufficient quantities of water to be considered a significant source. 
Individual District members may decide that this source does provide a viable alternative for 
them to meet their individual demands, but it does not provide a source of significance for the 
District as a whole. 

In summary, there does not appear to be any new, viable, and cost-effective source of 
supplemental supply for the District. Individual District members may choose to complete a 
small volume well potentially capable of producing between 30 to 40 gpm for purposes of 
irrigating a small parcel of land. As an alternative a small reservoir could be constructed to store 
water from February through April flows for application later in the irrigation season. 
Unfortunately, neither of these on-farm solutions are eligible for funding from the WWDC and 
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the cost of implementation would be born solely by the member with possibly some funding 
through the NRCS’s EQUIP program. From a District-wide perspective, the only apparent 
means of increasing water availability is through improving the existing system’s overall 
efficiency. The following section describes the proposed recommended alternative.  

7.2 Project Recommendation 
Figures 3-1 through 3-7 describe the proposed upgrades to the system. These upgrades 
include eliminating approximately seven miles of ditch, rebuilding irrigation headworks (diversion 
dams and headgates), constructing wasteways, and lining sections of ditches with EPDM. If it is 
assumed that water is flowing to all diversion points on a given day, it is estimated that the 
elimination of seven miles of ditch will save a minimum of 2.75 acre-feet of water per day. By 
lining several key reaches of ditch that are presumed to have high seepage rates identified 
and/or implied through soils mapping and/or inferred to be problematical due to location (e.g., 
the Morton Ditch), the water savings is even greater. LA has selected EPDM as the liner of 
choice because of its relatively low cost, a minimum life expectancy of 30 years, and ease of 
installation when compared to the other alternatives. Sections of ditch that LA proposes to be 
lined are illustrated in the above referenced figures.  

7.3 Individual Efforts 
While the recommended project will result in more water being available to the District, it does 
not address the shortage of late season water or afford any extended protection to the District 
during drought. For these reasons, it is recommended that the District convert some of its 
existing irrigated hayland to dryland pasture/hay meadow. For dryland hay mixture that includes 
alfalfa, crested wheatgrass, pubescent wheatgrass, and wild rye, the estimated cost is 
approximately $5.00 per pound or roughly $60.00 to $75.00 per acre. Using equipment rates 
from the University of Wyoming Cooperative Extension Service for 2004 to 2006, the estimated 
cost for tillage, seed bed preparation, and seeding is $100.00 per acre. Therefore, the estimated 
cost to convert acreage from irrigated hayland to dryland is approximately $170.00 per acre. 

By converting some irrigated land to dryland, which can be irrigated if “excess” water is 
available, should increase overall production. The conversion allows for the focus of available 
water on parcels that are identified to be the most productive. By having a mixture of irrigated 
and dryland, the overall production on each District members property should increase over the 
existing condition.  

7.4 Cost Estimates 
For the recommended alternative of upgrading the existing system to decrease seepage losses, 
costs have been estimated. Where recent projects have been completed, such that actual costs 
have been defined, the costs have been inflated by five-percent a year to adjust them to 2006 
dollars. For other cost items, such as concrete and canal gates, actual unit costs have been 
obtained from suppliers. Mobilization costs were estimated at ten percent based on recent small 
construction jobs bid by LA. Engineering costs were estimated at a flat seven-percent to provide 
a balance between actual structure design and the minimal effort associated with EPDM liners. 
A 15% contingency fee was added to cover unforeseen conditions (i.e., ditch widening in some 
places to increase capacity). 
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The estimated costs are lumped together by project as follows: 

 Sun – Star – Quartz – Enlargement of the Quartz 
 Morton – Murphy – Perkins - Steele 
 Homestead – Holder - Holly Nicholls – Holland 
 North Sunnyside – Toyne – Blake Denton 
 South Sunnyside  - Warren 

Table 7.1 Sun, Star, Quartz, Enlargement Quartz Ditches 

 Quantity Unit Unit Cost Total 
Star Ditch 
Excavate headworks area 50 (cu-yds) $15.00 $750.00 
30" Culvert for headgate 20 (ft) $32.00 $640.00 
Concrete headwall (formed) 3.2 (cu-yds) $300.00 $960.00 
Riprap diversion dam 50 (cu-yds) $80.00 $4,000.00 
EPDM Ditch Liner - 1 mile 53000 (sq-ft) $1.20 $63,600.00 
Quartz Ditch 
EPDM Ditch Liner - 1 mile 53000 (sq-ft) $1.20 $63,600.00 
Riprap Spillback at Headgate 15 (cu-yds) $80.00 $1,200.00 
Enlargement Quartz 
Excavate headworks area 50 (cu-yds) $15.00 $750.00 
Concrete headwall (formed) 3.2 (cu-yds) $300.00 $960.00 
30" Culvert for headgate 20 (ft) $32.00 $640.00 
30" Canal Gate 1 (ls) $2,200.00 $2,200.00 
Rebuild wasteway 1 (ls) $2,500.00 $2,500.00 
EPDM Ditch Liner - 1.25 mile 66000 (sq-ft) $1.20 $79,200.00 
Subtotal $221,000.00 
Mobilization (10%) 1 (ls) $22,100.00  
Total Construction Cost $243,100.00 
Engineering Fees (7%) 1 (ls) $17,017.00 $17,017.00 
Contingency Fee (15%) 1 (ls) $36,465.00 $36,465.00 
Total Estimated Project Cost $296,582.00 

 



 
Lidstone and Associates, Inc. 30 Gooseberry Creek Storage Level II Study 
February 2007  WWDC - Cheyenne, Wyoming 
 
K:\OPEN\WYWDC107\FINAL LEVEL II STUDY\Final Level II Study.doc 
 

Table 7.2 Murphy, Morton, Perkins, Steel Ditches 

  Quantity Unit Unit Cost Total 
Headworks         
Concrete (formed) 8 (cu-yds) $300.00  $   2,400.00  
36" CMP 50 (ft) $32.00  $   1,600.00  
36-inch Canal Gate 2 (ls) $2,500.00  $   5,000.00  
Outfall Riprap 7 (cu-yds) $80.00  $      560.00  
Excavate, Place, Compact Fill 460 (cu-yds) $15.00  $   6,900.00  
          
Diversion Dam         
Concrete (formed) 36 (cu-yds) $300.00  $  10,800.00  
Iron and Wood 1 (ls) $200.00  $      200.00  
Riprap 75 (cu-yds) $80.00  $   6,000.00  
Excavate, Place, Compact Fill 40 (cu-yds) $15.00  $      600.00  
         
Riprap - Embankments 100 (cu-yds) $80.00  $   8,000.00  
         
Measuring Devices        
Parshall Flume (Galv) - 60" 1 (ls) $3,300.00  $   3,300.00  
Parshall Flume (Galv) - 36" 3 (ls) $1,850.00  $   5,550.00  
Flume Installation 4 (ls) $1,500.00  $   6,000.00  
         
Splitter Boxes        
Concrete (formed) - 4 boxes 12 (cu-yds) $300.00  $   3,600.00  
         
Inverted Siphon        
HDPE Culvert -42" 2250 (ft) $58.00  $130,500.00  
Splitter Boxes 8 (cu-yds) $300.00  $   2,400.00  
Excavate, Place, Compact Fill 8500 (cu-yds) $15.00  $127,500.00  
         
EPDM Ditch Liner - 2.5 mile 195000 (sq-ft) $1.20  $234,000.00  
Enlarge 5.8 miles of Ditch 30600 (ft) $2.50  $  76,500.00  
          
Subtotal  $631,410.00  
Mobilzation (10%) 1 (ls)   $    63,100.00   $  63,100.00  
Total Construction Cost        $694,510.00  
Engineering Fees (7%) 1 (ls)   $    48,615.70   $  48,615.70  
Contingency Fee (15%) 1 (ls)  $  104,176.50   $104,176.50  
Total Estimated Project Cost  $847,302.20  
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Table 7.3 Homestead, Holder, Holly Nicholls, Holland Ditches 

  Quantity Unit Unit Cost Total 
Headworks         
Concrete (formed) 14 (cu-yds) $300.00  $      4,200.00  
36" CMP 60 (ft) $32.00  $      1,920.00  
36-inch Canal Gate 2 (ls) $2,500.00  $      5,000.00  
Outfall Riprap 7 (cu-yds) $80.00  $         560.00  
Excavate, Place, Compact Fill 1000 (cu-yds) $15.00  $     15,000.00  
         
Diversion Dam        
Concrete (formed) 18 (cu-yds) $300.00  $      5,400.00  
Iron and Wood 1 (ls) $200.00  $         200.00  
Riprap 50 (cu-yds) $80.00  $      4,000.00  
Excavate, Place, Compact Fill 20 (cu-yds) $15.00  $         300.00  
         
Measuring Devices        
Parshall Flume (Galv) - 60" 1 (ls) $3,300.00  $      3,300.00  
Parshall Flume (Galv) - 36" 3 (ls) $1,850.00  $      5,550.00  
Flume Installation 4 (ls) $1,500.00  $      6,000.00  
         
Splitter Boxes        
Concrete (formed) - 6 boxes 18 (cu-yds) $300.00  $      5,400.00  
         
Pipe Drop        
Drop from Holly to Holland 1 (ls) $2,500.00  $      2,500.00  
Excavation 1000 (cu-yds) $8.00  $      8,000.00  
         
EPDM Ditch Liner - 1 mile 195000 (sq-ft) 1.20  $   234,000.00  
Enlarge 7.2 miles of Ditch 37900 (ft) $2.50  $     94,750.00  
          
Subtotal  $   396,080.00  
Mobilzation (10%) 1 (ls) $39,600.00  $     39,600.00  
Total Construction Cost  $   435,680.00  
Engineering Fees (7%) 1 (ls)  $ 30,497.60   $     30,497.60  
Contingency Fee (15%) 1 (ls)  $ 65,352.00   $     65,352.00  
Total Estimated Project Cost  $   531,529.60  
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Table 7.4 North Sunnyside, Toyne, Blake Denton Ditches 

  Quantity Unit Unit Cost Total 
Headworks         
Concrete (formed) 8 (cu-yds) $300.00  $       2,400.00  
30" CMP 50 (ft) $32.00  $       1,600.00  
30-inch Canal Gate 2 (ls) $2,200.00  $       4,400.00  
Outfall Riprap 7 (cu-yds) $80.00  $          560.00  
Excavate, Place, Compact Fill 260 (cu-yds) $15.00  $       3,900.00  
         
Diversion Dam        
Concrete (formed) 30 (cu-yds) $300.00  $       9,000.00  
Iron and Wood 1 (ls) $200.00  $          200.00  
Riprap 65 (cu-yds) $80.00  $       5,200.00  
Excavate, Place, Compact Fill 40 (cu-yds) $15.00  $          600.00  
         
Riprap - Upstream embankment 60 (cu-yds) $80.00  $       4,800.00  
         
Measuring Devices        
Parshall Flume (Galv) - 36" 2 (ls) $1,850.00  $       3,700.00  
Parshall Flume (Galv) - 60" 1 (ls) $3,300.00  $       3,300.00  
Flume Installation 3 (ls) $1,500.00  $       4,500.00  
         
Splitter Boxes        
Concrete (formed) - 2 boxes 6 (cu-yds) $250.00  $       1,500.00  
         
EPDM Ditch Liner - 2.5 mile 195000 (sq-ft) $1.20  $    234,000.00  
Enlarge 4.8 miles of Ditch 25300 (ft) $2.50  $      63,250.00  
          
Subtotal  $    342,910.00  
Mobilzation (10%) 1 (ls) $34,300.00  $      34,300.00  
Total Construction Cost  $    377,210.00  
Engineering Fees (7%) 1 (ls)  $26,404.70   $      26,404.70  
Contingency Fee (15%) 1 (ls)  $56,581.50   $      56,581.50  
Total Estimated Project Cost    $    460,196.20  
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Table 7.5 South Sunnyside, Warren Ditches 

  Quantity Unit Unit Cost Total 
Headworks         
Concrete (formed) 6 (cu-yds) $300.00  $    1,800.00  
36" CMP 20 (ft) $32.00  $      640.00  
36-inch Canal Gate 1 (ls) $2,500.00  $    2,500.00  
Outfall Riprap 7 (cu-yds) $80.00  $      560.00  
Excavate, Place, Compact Fill 80 (cu-yds) $15.00  $    1,200.00  
         
Diversion Dam        
Concrete (formed) 18 (cu-yds) $300.00  $    5,400.00  
Iron and Wood 1 (ls) $200.00  $      200.00  
Riprap 50 (cu-yds) $80.00  $    4,000.00  
Excavate, Place, Compact Fill 20 (cu-yds) $15.00  $      300.00  
         
Riprap - Upstream embankment 60 (cu-yds) $80.00  $    4,800.00  
         
Measuring Devices        
Parshall Flume (Galv) - 36" 2 (ls) $1,850.00  $    3,700.00  
Flume Installation 2 (ls) $1,500.00  $    3,000.00  
         
Pipe Drop        
Drop from Sunnyside to Warren 1 (ls) $2,500.00  $    2,500.00  
Excavation 1000 (cu-yds) $8.00  $    8,000.00  
         
EPDM Ditch Liner - 2.5 mile 178000 (sq-ft) $1.20  $213,600.00  
Enlarge 2.1 miles of Ditch 11000 (ft) $2.50  $  27,500.00  
          
Subtotal  $279,700.00  
Mobilzation (10%) 1 (ls) $28,000.00  $  28,000.00  
Total Construction Cost  $307,700.00  
Engineering Fees (7%) 1 (ls)  $ 21,539.00   $  21,539.00  
Contingency Fee (15%) 1 (ls)  $ 46,155.00   $  46,155.00  
Total Estimated Project Cost  $375,394.00  

 
The total estimated cost for the proposed project is $2,511,00.00. The project cost is 
substantially less than what was deemed affordable in the economic analysis presented in 
Section 6.0, District Economics. Based on the current WWDC grant – loan split of 67% and 
33%, respectively, the District would need to borrow $828,630.00. Assuming a 30-year loan at 
four percent, each of the 25 members would be responsible for an annual payment to the 
District of approximately $1,917.00. This payment does not include any monies for basic District 
Operations and Maintenance (O&M) costs. To address this issue, it is suggested that the annual 
District payment be raised to $2,400.00. The payment allocation would be approximately 80% 
toward debt retirement and 20% to O&M costs. Excluding lands irrigated by the Mahan Ditch 
and using the irrigated lands mapping from the Wind-Bighorn River Basin Master Plan, there are 
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approximately 2,934 acres under irrigation. Assuming the entire project is built as presented and 
the entire District participates, this equates to an annual assessment of $20.40 per acre, which 
is slightly less than the initial maximum of $25.00 per acre established by the District in 2005.  
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8.0 CONCLUSION 
Success of the proposed project is entirely dependent on complete cooperation within the 
District. Obviously, the members that are located at the upper end of the District and with the 
most senior water rights could potentially receive greater benefit than those at the lower end of 
the system. Thus, the success of increasing efficiency is dependent on complete cooperation 
amongst the District members to ensure each has a reasonable chance of obtaining water every 
year. There will be instances such as this summer (2006) when Creek flows are low and 
members with the more junior rights may not receive water. This situation may not be 
acceptable to some District members since they will still be responsible for their portion of the 
annual assessment.  

To assist the District in the decision making process, Table 8-1 has been developed. The table 
identifies the cost of each proposed project as well as a unit cost of dollars per irrigated acre, 
which will give the district an idea of the cost-benefit for each project. Annual water savings over 
a 24-hour period for each project have also been estimated. The minimum estimate is based on 
actual data collected by District members. However, the infiltration rate of 0.4 inches per hour is 
representative of clay-loam soils. This infiltration rate may not be representative of the majority 
of the ditch reaches proposed to be lined. Rather the maximum rate of 4 inches/hour as 
measured by LA in the Sandy Loam soils maybe more representative of actual savings.  

Table 8.1 Cost Benefit Analysis 

Project Project Cost Irrigated Area 
(acres) 

Unit Cost 
($/acre) 

Min. Savings 
(ac-ft/day) 

Max. Savings 
(ac-ft/day) 

Star Ditch $93,758.00 73.4 $1,277.36 0.4 4 
Quartz Ditch $87,097.00 81 $1,075.27 0.4 4 
Enlargement Quartz 
Ditch $115,727.00 154.8 $747.59 0.5 5 

Morton Ditch $847,302.00 844 $1,003.91 1.85 18.5 
Homestead Ditch $531,530.00 1076.2 $493.90 1.9 19 
North Sunnyside Ditch $460,196.00 239.4 $1,922.29 2.1 21 
South Sunnyside Ditch $375,394.00 465.4 $806.61 1.3 13 
 $2,511,000.00

(total) 
2,934 
(total) 

$855.77 
(average) 

8.45  
(total) 

84.5  
(total) 

      
Irrigated Area is based on irrigated lands mapping performed during Wind-Bighorn Basin Master Plan 
Minimum Water Savings is base don an infiltration rate of 0.4 inches/hour and ditch with a 4-foot bottom width 
Maximum Water Savings is based on an infiltration rate of 4.0 inches/hour and ditch with a 4-foot bottom width 

 
It should also be remembered that none of the estimates take into account Creek losses and the 
potential benefits that would be gained by relocating a headgate upstream. For example, if the 
Holder headgate was relocated over two miles upstream and utilized water from the Homestead 
Ditch right to push its water through the system and assuming a minimum bottom width for the 
Creek of eight feet and an a minimum infiltration rate for sandy loam soils of one inch/hour, 
approximately four acre-feet of water is saved in a 24-hour period. 

As stated above, implementing a project to improve system efficiency does not provide any 
guarantee that water will be available every year for every District member. Because of this and 
other liability reasons cited above, the District may not decide to proceed forward with a project. 
Nevertheless, there are still several upgrades that individuals could implement to increase the 
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overall productivity of their property. Some of these measures could be eligible for funding 
through the NRCS’s EQIP program. These upgrades include: 

 Converting some irrigated hay meadow into dryland pasture; 
 Drilling a well and irrigating a small area (e.g., 20 to 40 acres) using a big gun sprinkler; 
 Lining sections of ditch to decrease seepage losses; and, 
 Applying PAM or HydroGel to seal the ditch bottoms and reduce seepage losses. 

It is possible for some District members to proceed forward with a WWDC funded project and 
others to not, provided a reasonable project can be developed. The project would still be subject 
to the same funding split of 67% grant and 33% loan (match). The match portion can consist of 
a WWDC loan, cash match from the District, or funding from another outside source, such as 
the NRCS. If a WWDC loan is used for the match portion of the project funding, the District 
could choose to only assess those members that opted to proceed with a project. However, 
from the WWDC perspective the entire District is still responsible for the loan. 

Additionally, it is also possible to remove specific line items from a particular project. During the 
report presentation in January of 2007, several District reservations over the lining of ditches 
with EPDM. The primary reason for these reservations appeared to be associated with ditch 
maintenance and the potential to puncture the liner during cleaning. While EPDM is a fairly 
flexible material in comparison to others, there is still the potential to puncture the liner, 
especially if the ditch is being cleaned with a toothed backhoe bucket.  

In contrast, it is LA’s opinion that if diversion dams are relocated downstream of the headgate, a 
substantial volume of the sediment that was once forced into the ditches will now be left in the 
Creek. In effect this instream settling basin should significantly reduce ditch maintenance. While 
sedimentation can be an issue for all District members, based on field observations it appears to 
be much more of an issue for those at the lower end of the District. With the proposed headgate 
and diversion dam realignment, LA believes that the liner can be installed in all ditch systems 
above the Homestead point of diversion without issue. 

For the North and South Sunnyside diversions, members may still have some concerns 
regarding sedimentation, even after the reconfiguration. For this group, there is the possibility of 
implementing a two-phased approach to project construction. The first phase would involve the 
construction of the headworks and diversion dam, ditch enlargement, and installation of splitter 
boxes and measuring devices. Once this is complete, allow the system to work for a period of 
two to three years. If the sedimentation issue appears to be adequately addressed, proceed 
forward with the installation of the EPDM liner. Alternately if sedimentation is still an issue, 
forego liner installation entirely and control seepage losses through annual applications of PAM. 

If the construction proposed for the Star, Quartz, Quartz Enlargement, Morton, and Homestead 
diversions was completed as originally described and the North and South Sunnyside diversions 
utilized annual applications of PAM, the project cost would be reduced to $1,910,300.00. PAM 
or similar polymer applications are not permanent fixtures and therefore cannot be paid for by 
WWDC funds. To cover the same ditch area with PAM proposed for EPDM lining, the annual 
estimated cost is $3,200.00. If this sum was added to the District’s annual assessment and not 
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included as part of the 20% O&M cost approach described in Section 7, the annual District 
member assessment would be $1,950.00 or approximately $16.60 per acre. 
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IRRIGATION DIVERSIONS 
 
General  
 
The Project Team completed a qualitative analysis of the numerous diversions on the lower half 
of Gooseberry Creek.  Several factors control the effectiveness and stability of each point of 
diversion and conveyance structure.  Most of the ditches within the survey area were equipped 
with wasteways, but they are located some distance from the point of diversion.  Wasteways 
assist in preventing sediment buildup within the ditch and allow for better regulation of the 
diversion by allowing sediment continuity and by returning a portion of the flow and sediment to 
the creek downstream of the diversion structure. 
 
Sun Ditch:  
 Priority date (initial filing): January 15, 1900 
 Permit Number(s): 2442D, 3688E, 5052E, 5053E 
 Adjudicated Right for Initial Filing: 1.54 cfs 

Acreage with Water Rights: 108 acres (1900), 54 acres (1916), 90 acres (1936), 105 
acres (1936) 

 Measuring Device: Parshall Flume 
The ditch is located along a relatively straight reach of channel.  No major sedimentation 
problems were noted at the time of the inspection.  In late Spring 2006, the original rock push-
up dam was replaced with rubblized concrete. The diversion dam is partially sealed with a tarp 
to improve the dam’s efficiency. A 24-inch slide gate is located on the east side of the creek and 
is installed on to a sheet-iron headwall structure. A portion of the metal headwall has corroded 
with time. The headgate is connected to a 24-inch CMP approximately 18 feet in length. Water 
conveyed through the culvert goes into the ditch and travels a distance of approximately 400 
feet to the point of flow measurement. Flow is measured with a 24-inch Parshall Flume   
Diversion consists of a rock push-up dam and an 24-inch slide gate.  Parshall flume and 
wasteway appeared to be functional. 
 
Star Ditch: 
 Priority Date: April 22, 1901 
 Permit Number: 3130D, 3689E, 4107E 
 Adjudicated Right for Initial Filing: 0.71 cfs  

Acreage with Water Rights: 50 acres (1901), 40 acres (1916), 37.7 acres (1920) 
The headgate for this ditch is located in a “high” flow channel / slough that is approximately 400 
feet in length. The slough entrance is on the outside of a very tight meander bend with a radius 
of curvature of approximately 35 feet. A formal diversion structure has not been constructed in 
the channel. It appears that during higher flows that some water is diverted through the high 
flow channel and toward the headgate. Under lower flow conditions and when in priority, the 
landowner sets an irrigation tarp to divert all / or some portion of the streamflow into the high 
flow channel and toward the headgate. The highflow channel is relatively narrow, having an 
average bottom width of 4 to 5 feet, upstream of the headgate. A diversion dam consisting of 
rocks and earth-filled sacks is placed immediately downstream of the headgate to force a 
portion of the flow through the headgate.  
 
The head-works consists of a sheet-iron wall to which a 24-inch slide gate is affixed. The slide 
gate is connected to a 20-foot long 24” CMP that conveys water into the ditch. The headwall has 
corroded and in time will require replacement. Approximately 250 feet from the headgate is a 2-
foot Parshall Flume. The flume is in relatively good condition, though there has been some 
undercutting on the downstream side.    
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Quartz Ditch: 
 Priority Date: January 15, 1900 
 Permit Number: 2443D 
 Adjudicated Right: 2.31 cfs  

Acreage with Water Rights: 162 acres 
 Measuring Device: 30-inch Parshall Flume 
The point of diversion is located at a bend in the creek where the direct flow path is the 200-foot 
long “canal” that carries water to the headgate. A series of stacked logs, covered with a tarp and 
running almost parallel with the upstream right bank, generally cut off the flow path through the 
meander and direct the flow into the canal. The headgate is a 24-inch slide gate mounted on a 
24-inch CMP culvert and set into a concrete headwall. When the headgate is closed or more is 
being diverted than the headgate will handle, there is a low area along the east canal 
embankment where the flow is allowed to return to the creek.  
 
At the downstream end of the culvert as well as along sections of the ditch a significant amount 
of sedimentation was noted. Significant sedimentation of this can be expected given the 
diversion dam configuration that forces a significant portion of the creek flow and its sediment 
load toward the ditch. A 30-inch Parshall that is located approximately 1,600 feet downstream of 
the headgate measures flow. The flume is out of level, thus, the accuracy of the structure is 
questionable. Approximately 40 feet upstream of the flume is a wasteway that regulates the 
diverted flow. The wasteway is constructed from a section of 30-inch CMP Culvert that has been 
split in half to allow the installation of checkboards. The CMP is set into a concrete headwall and 
appears to be in good condition.  
 
Pine Tree Extension (Enlargement) of the Quartz Ditch: 
 Priority Date: December 12, 1901 
 Permit Number: P756E 
 Adjudicated Right for Initial Filing: 1.9 cfs,  

Acreage with Water Rights: 133 acres (1901), 185 acres (1905) 
 Measuring Device: 30-inch Parshall Flume 
The point of diversion is located along an outside bend in the creek.  Water is diverted by 
means of a rock push-up dam and some canvas to reduce leakage.  The headwall and 
headgate system are constructed of wood and in poor condition. Originally, the wooden slide 
gate was controlled with a handwheel gate and slide mechanism. The stem from the lift 
mechanism is broken beyond repair. At one time it appeared that the gate was operated with a 
come-a-long, but the cable has since rotted away. Because flows can no longer be controlled at 
the headgate, water, when available, is constantly being routed into the ditch. Because of the 
alignment of the diversion dam, a significant volume of sediment is also being conveyed into 
and was observed in the ditch between the headgate and wasteway.   
 
The wasteway, consisting of two concrete walls and a series of check-boards, is located some 
1,000 feet from the headgate. Because flow cannot be regulated to any meaningful extent at the 
headgate, the wasteway check-boards are used to regulate ditch flow. Water cascading over 
the check-boards drops approximately 6 feet before returning to the creek. Between 2005 and 
2006 significant amount deterioration to this structure has occurred. If the structure is not 
repaired in the near future, there is the potential for the ditch to breach at this location. Aside 
from the problems with the wasteway, two areas where the ditch had been breached in the past 
because of high flows were noted. Flow is measured with a 30-inch Parshall flume, which is 
starting to rust out at the upstream end.   
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Morton Ditch: 
 Priority Date: October 9, 1908  

Permit Number(s): P8747D / P15383D 
 Adjudicated Right for Initial Filing: 2.28 cfs  

Acreage with Water Rights: 160 acres (1908) and 116 acres (1919) 
Measuring Device: Staff Gage (dysfunctional) no flume located on the ditch north of the 
County Road 

The headgate is located on the outside of a bend and is in a position such that a portion of the 
natural creek flow is directed toward the headgate. The headworks are composed of a wooden 
headwall held in place with a series of posts and a 30-inch iron slide gate. In 2005, the area 
where the diversion dam connected with the right bank had been highly eroded, resulting in the 
diversion dam being an island. The creek was essentially extending the meander bend and 
causing excessive erosion at the downstream end of the headgate area. Between 2005 and 
2006 some work on the diversion dam has been performed. Fill material was dumped in the 
eroded area and the connection between the right bank and the diversion dam reestablished. 
The dam is composed of rock, broken concrete, and debris. A significant amount of 
sedimentation was noted in the ditch as well as at the diversion dam itself.  No wasteway or 
“accurate” measuring device was located on the section of ditch between the point of diversion 
and the county road. 
 
Murphy Ditch: 
 Priority Date: October 7, 1907 
 Permit Number: P8950D 
 Adjudicated Right for Initial Filing: 5.46 cfs  

Acreage with Water Rights: 382 acres  
 Measuring Device: 30-inch Parshall Flume 
The headworks for the ditch are located on the outside of a bend and consist of a rock 
masonary wall and associated headgate. The headgate is comprised of a 36-inch slide gate 
with a new handwheel and is connected to a 36-inch CMP culvert approximately 20 feet in 
length. To that end, a significant amount of siltation was noted at the point of diversion as well 
as the ditch proper. During 2006, it was noted that approximately 20 to 25% of the culvert was 
filled with sediment. The diversion dam is a push-up type structure that appears to have been 
partially obliterated during 2005 runoff season’s high flows and then rebuilt to some degree 
before the 2006 irrigation season.   
 
The wasteway is located approximately 1000 feet downstream and consists of a 2-foot slide 
gate connected to an 18-inch culvert.  The accuracy of the flume is questionable because the 
scoop at the downstream end of the flume is rusted out, resulting in some leakage through the 
bottom of the flume.  Overall channel stability of this Gooseberry Creek reach is questionable 
because just upstream of the diversion dam and it appears that sometime in past a meander 
cutoff occurred, which rendered the headgate ineffective. This section of meander has been 
rebuilt with large boulders and fill material. There is a fair amount of vegetation growing in the 
berm, indicating that it has been relatively stable for the last 5 to 10 years. 
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Perkins Ditch 
 Priority Date: December 5, 1901 
 Permit Number: P3600D 
 Adjudicated Right for Initial Filing: 4.04 cfs  

Acreage with Water Rights: 283 acres (1901), 161 acres (1905), and 40 acres (1918) 
 Measuring Device: 30-inch Parshall Flume 
The point of diversion is located along the outside of a bend. At this location a sizeable headcut 
was moving through the system. The diversion dam, constructed of concrete rubble, acts as a 
drop structure to control any further movement of the headcut upstream. The remainder of the 
channel at this location is being stabilized with wrecked cars and trucks.  Downstream of the 
diversion dam and approximately 40 feet north of the existing headgate is 30-inch slide gate that 
is more than half-plugged with sediment. It is assumed that when the headgate moved through 
the system that this “north” headgate was rendered ineffective and a new (Existing) headgate 
was constructed.   
 
The existing headgate is 36-inch slide gate, which is connected to a 36-inch CMP culvert that 
passes under the access.  The headwall is composed of timbers and iron.  Not far from the point 
of diversion it appears the creek has come very close to capturing the ditch as the embankment 
is only wide enough for a single vehicle to travel over the embankment.  Wasteway consists of a 
24-inch slidegate mounted on the end of a culvert.  A significant amount of sedimentation was 
noted along the ditch.  The only flume noted during the inventory was located at the ranch 
house, a significant distance from the wasteway and point of diversion. 
 
Steele Ditch: 
 Priority Date: February 13, 1906 
 Permit Number: P7209D 
 Adjudicated Right for Initial Filing: 1.72 cfs  

Acreage with Water Rights: 120 acres (1906) and 142 acres (1909) 
 Measuring Device: None observed 
The headgate was reconstructed in 1961 according to an inscription in the concrete headwall.  
The headgate is a 30-inch slide gate and the structure is located along the outside of a bend.  
The diversion dam is composed of broken concrete, which creates a small drop structure.  A 
minor amount of incision has occurred at the point of diversion.  A substantial amount of 
sediment has dropped out at the point of diversion and is also present in the ditch.  A wasteway 
was located a significant distance from the headgate.  No measuring device was located. 
 
Homestead Ditch: 
 Priority Date: September 22, 1903 
 Permit Number: P7353D 
 Adjudicated Right for Initial Filing: 1.42 cfs  

Acreage with Water Rights: 100 acres (1903) and 150 acres (1909) 
 Measuring Device: None observed 
The headgate is located along a relatively straight reach of channel.  The headgate wall is 
constructed of concrete with a 30-inch slide gate.  The slide gate is connected to a culvert that 
passes under an access road.  On the downstream side of the culvert, a significant amount of 
erosion was noted, which affects the long-term stability of the road crossing. The culvert outfall 
should be armored to dissipate the energy of the flow through the culvert.  No diversion dam or 
flume was noted during the investigation. The creek channel in this reach appears to be 
relatively stable in comparison to other reaches where diversions have been established. 
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Holder Ditch: 
 Priority Date: July 8, 1909 
 Permit Number: P9202D 
 Adjudicated Right: 2.31 cfs (1909), 1.21 cfs (1910), 0.19 cfs (1915), and 1.29 cfs (1916)   

Acreage with Water Rights: 162 acres, 120 acres (1910), 13.5 (1915), and 91 (1916) 
 Measuring Device: 36-inch Parshall Flume 
The headgate is located along a relatively straight reach of channel, immediately downstream of 
a very active meander bend. The outside of the bend is actively eroding and should be 
stabilized.  The headgate is a 36-inch slidegate set on a concrete headwall.  The diversion dam 
is located directly opposite the headgate and is constructed of broken concrete, rock, and wood 
debris.  A significant amount of sedimentation is occurring at the point of diversion as evidenced 
by the large bar that is building, just upstream of the headgate.  Approximately 1,200 feet 
downstream is the wasteway and Parshall flume.  The wasteway is located approximately 20 
feet upstream of the flume and consist of an 18-inch slidegate.  Overall the flume appeared to 
be in relatively good condition. 
 
Holly-Nicholls Ditch: 
 Priority Date: February 26, 1906 
 Permit Number: P7208D, P2331E, P3795E 
 Adjudicated Right: 3.9 cfs (P7208D), 4.6 cfs (P2331E), and 0.16 cfs (P3795E)  

Acreage with Water Rights: 273 acres (1906), 322 acres (1906), and 11 acres (1919) 
 Measuring Device: 36-inch Parshall Flume 
The headgate location is at a 90-degree bend in the channel.  It appears that a significant 
amount of channel incision has occurred at this location as the diversion dam is essentially a 6 
to 7 foot high drop structure, constructed of broken concrete, etc.  The flow line of the creek is 
directly into the diversion, which is regulated by a 48-inch wide wooden slide gate.  The 
headworks is in poor condition as noted by deteriorated state of the concrete, as well as the 
bracing between the walls to keep them standing.  A large amount of sediment/blow sand is pile 
just upstream of the diversion structure.  Functionality of the headgate is questionable.  
Downstream, flow is measured in a 36-inch Parshall flume, which is beginning to rust out.  
Additionally it appeared as if the flume had been overtopped at least once. 
 
Holland Ditch: 
 Priority Date: July 13, 1906 (originally filed as an enlargement to the Holly-Nicholls) 
 Permit Numbers: P2331E, P15093D 
 Adjudicated Right: 5.92 (P2331E) and 1.24 cfs (P15093D)  

Acreage with Water Rights: 415 acres (1906) and 87 acres (1918) 
 Measuring Device: 36-inch Parshall Flume 
The headgate is located along the outside of a bend, with the general flow path being focused 
toward the headwall and associated gate.  The headwall is generally constructed of iron that is 
beginning to rust out.  The headgate is a 36-inch slidegate.  At the entrance to the headgate, a 
fair amount of silt deposition was noted.  The diversion dam is constructed of rocks and 
irrigation canvas and has a drop of approximately 2 feet.  Approximately 600 feet downstream of 
the headgate is a 12-inch slide gate that acts as a wasteway.  The wasteway is dysfunctional 
except during period of high flows.  Flows are measured with a 36-inch Parshall flume that is 
beginning to rust out. 
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Mahan Ditch: 
 Priority Date: March 27, 1909 
 Permit Number: P9749D 
 Adjudicated Right for Initial Filing: 3.7 cfs  

Acreage with Water Rights: 259 acres, 146 (1914), and 35 acres (1919) 
 Measuring Device; 36-inch Parshall Flume 
The headgate for the ditch was not observed due to the steep, overgrown bank conditions 
present.  The remains of the diversion dam, constructed of broken concrete, was observed in 
the creek channel.  It is doubtful that this ditch has seen any water from the diversion for an 
extended period of time.  The Parshall flume contained approximately 7 inches of sediment.  
Portions of the ditch appear to be partially connected to an unnamed ephemeral drainage, 
which is thought to be the major contributor of sediment to the system and the route of the 
problems observed. 
 
North Sunnyside Ditch: 
 Priority Date: March 14, 1907 
 Permit Number: P7732D 
 Adjudicated Right for Initial Filing: 10.64 cfs  

Acreage with Water Rights: 745acres 
 Measuring Device: None Observed 
The point of diversion is located along the outside of a bend with the diversion dam located 
immediately downstream of the point of diversion.  The diversion dam is constructed of logs.  
Flow has worked its way around the right (facing downstream) edge of the dam and is causing 
significant bank erosion.  This has resulted in local scour at the diversion headgate (an 18-inch 
slidegate), causing it to be worthless except during periods of high flow.  Approximately 2,900 
feet from the point of diversion a wasteway was observed and appeared that it may supply 
water to an old ditch that was partially abandoned due to channel incision. 
 
Toyne Ditch: 
 Priority Date: March 14, 1907 
 Permit Number: 7732 
 Adjudicated Right for Initial Filing: 1.94 cfs 
 Acreage with Water Rights: 136 acres (originally filed under the Sunnyside Canal) 
 Measuring Device: 30-inch Parshall Flume 
The point of diversion is located at the downstream end of a meander bend on the outside edge. 
A wooden framework to which a 4-foot iron slide gate and its framing are attached comprise the 
Headworks. The headgate is fair to poor condition. Fifty-five gallon drums filled with concrete, 
concrete rubble, logs, iron framing, and some trap material was used to construct the diversion 
dam. The diversion dam is acting as a drop structure with approximately a three-foot drop 
between the upstream and downstream sides of the structure. 
 
Blake-Denton Ditch: 
 Priority Date: December 21, 1906 
 Permit Number: P7733D 

Adjudicated Right for Initial Filing: 11.16 cfs  
Acreage with Water Rights: 927 acres (503 acres are believed to be currently served by 
pumping water from the Bluff Ditch) 

 Measuring Device: None observed 
The point of diversion is located on the outside of a bend in the creek.  There is no headgate; 
the point of diversion consists of a dilapidated wooden structure that opens into the ditch.  The 
diversion dam is constructed of broken concrete.  A substantial volume of sediment is being 
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deposit at the point of diversion as well as in the ditch.  A significant amount of maintenance is 
required to keep this structure fully functional.  Approximately 1,500 feet from the point of 
diversion is a headgate consisting of a wooden slide gate that is only partially functional and 
wasteway.  The wasteway is operated by series of check boards. 
 
South Sunnyside Ditch: 
 Priority Date: March 14, 1907 
 Permit Number: P7732D 
 Adjudicated Right for Initial Filing: 1.91 cfs  

Acreage with Water Rights: 134 acres, 553.5 acres (1909), and 370.5 acres (1915) 
 Measuring Device: None Observed 
The point of diversion is located along the outside of bend with the diversion dam located 
immediately downstream of the point of diversion.  The diversion dam is constructed of logs.  A 
significant amount of sediment is being carried by the creek and deposited at this location.  The 
canal also supplies a reservoir located in T 46N, R 94W, Section 7. 
 
Warren Ditch: 
 Priority Date: November 3, 1906 
 Permit Number: P7734D 
 Adjudicated Right for Initial Filing 3.58 cfs  

Acreage with water Rights: 251 acres  
 Measuring Device: 36-inch Parshall Flume 
The point of diversion is along the outside bend of the creek.  The diversion dam is located 
immediately downstream of the point of diversion and is constructed of broken concrete, hay 
bales, and irrigation canvas.  There is a significant amount of sediment being deposit at the 
point of diversion.  The he agate at the point of diversion is a 48-inch wooden slide gate with a 
concrete headwall.  Approximately 1,100 feet from the point of diversion is a wasteway set in a 
concrete splitter box.  A slide gate regulates the amount of flow that is allowed into the ditch and 
the remainder of flow is spilled back to the creek.  There is a sizeable drop of approximately 5 
feet from the 36-inch drain to the return canal.  The Parshall flume is located just downstream of 
the gate and is partially silted in at the downstream side. 
 
 
General Diversion Problems 
 
Field observations indicate that Gooseberry Creek has gone through periods of incision as 
evidenced by the size of several diversion dams acting more like drop/grade control structures 
and one diversion being abandoned sometime in the past.  Because the creek is generally 
incised, the degree of lateral movement of the channel is probably limited.  Sedimentation is an 
issue at almost every headgate/point of diversion inventoried.  In many instances the sediment 
is being carried into the ditch, creating a long-term maintenance issue.   
 
Much of the sedimentation problem with direct regard to the irrigation is due to the location of 
the point of diversion and the position of the diversion dam.  Locating a diversion along the 
outside of a bend invites the full force of the flow as well as the sediment being carried directly 
into the diversion.  In most instances, the diversion dams are located very near the downstream 
edge of the diversion point.  This condition acts to funnel sediment into the diversion, increases 
sediment deposition at the diversion point, and may decrease bank stability as was seen at 
several locations. 
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The other major problem noted aside from the general overall condition of the structures at point 
of diversion were the long distances associated with the wasteways.  In several instances the 
wasteway was well over a quarter mile from the point of diversion.  This has the potential to 
increase sedimentation and the associated maintenance required.  During the field inventory, it 
was observed that flows were being diverted into the ditch and once they reached the 
wasteway, the entire flow was being diverted back into the creek.   
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