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1.01.01.01.0 INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION    

The Gooseberry Creek watershed, in general, has been and continues to be seriously short of 
irrigation water. During an average year, 40% of the irrigators are out of water by mid June 
(WWC, 1984). 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 Level III project, no work has been completed to address the needs 
of the Gooseberry Creek irrigators. 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. These adverse conditions 
resulted in a renewed interest to address water shortages in the basin. 

This Level I study’s goals are to evaluate additional reservoir sites and other options that may 
increase the storage or available water within the Gooseberry drainage basin, in order to 
provide the members of the Gooseberry Irrigation District (District) additional water for irrigation. 
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2.02.02.02.0 GOOSEBERRY CREEK WATERSHED CHARACTERISTICSGOOSEBERRY CREEK WATERSHED CHARACTERISTICSGOOSEBERRY CREEK WATERSHED CHARACTERISTICSGOOSEBERRY CREEK WATERSHED CHARACTERISTICS    

2.12.12.12.1    SettingSettingSettingSetting    

The Gooseberry Creek watershed is located in the Big Horn Basin with portions of the 
watershed in Park, Hot Springs, and Washakie counties as shown on Figure 2-1. Gooseberry 
Creek generally flows in an easterly direction, beginning with its headwaters in the Absaroka 
Range to its confluence with the Big Horn River, south of Worland. The basin drainage area 
encompasses approximately 363 square miles. Elevation ranges from 10,400 feet along the 
divide to approximately 4,200 feet at the confluence with the Big Horn River. Average annual 
precipitation for the basin is 8 to 10 inches, with a maximum of 30 inches in the upper 
headwaters reaches. The growing season for the basin generally runs from April through 
October. 

Streamflow is typical of snowmelt driven systems where there is a high spring runoff, with the 
peak generally occurring between mid May to mid June, followed by a sharp drop in flows 
during the summer. Eventually this tapers off to a low baseflow condition during the fall and 
winter. The Mean Daily Flow Hydrograph for USGS Gage 06266000, Gooseberry Creek near 
the Grass Creek, illustrates these phenomena and is shown as Figure 2-2. Because a relatively 
small percentage of the watershed is located within the Absaroka Mountains, the volume of 
water stored as snow is limited. This has resulted in District members being besieged by 
significant fluctuations in runoff volume from one year to the next. 

Limited snowpack has also resulted in water only being available for a relatively short period, 
even under average conditions. As a result, District members often irrigate at non-essential 
times. During a dry year, only the most senior rights may receive water. Because the dominant 
share of irrigated lands are located at the lower end of the basin where precipitation is limited, 
supplemental irrigation water is required for substantial crop production. 

2.22.22.22.2    Irrigated LandsIrrigated LandsIrrigated LandsIrrigated Lands    

In 2002, Lidstone and Associates, Inc. (LA) as part of the Wind-Bighorn River Basin Planning 
project mapped the irrigated lands within the Gooseberry Creek drainage. The two data sources 
used in the identification and delineation of irrigated lands were the United States Geological 
Survey (USGS) black and white digital orthophotograph quarter quadrangles (DOQQ) published 
in 2000 and 2001, and 1999 Landsat color-infrared satellite imagery. Once the data sources 
were obtained, hard copy maps corresponding to the extents of 7.5-minute USGS quadrangle 
maps were created of the DOQQ and Landsat color-infrared imagery. Each created map was 
then closely examined and potential irrigated lands were identified and delineated. Additional 
information concerning the mapping process can be found in the 2002 Wind-Big Horn Basin 
Plan (BRS, 2003). 

From the intersection of State Highways 120 and 431 east to the Big Horn River confluence, 
approximately 3,815 acres of irrigated lands were mapped. Of this total, approximately 500 
acres are being irrigated by pumping water from the Bluff Canal. This leaves a total of 3,315 
acres within the District that are being irrigated from the Creek. Water rights for the same area 
total more than 7,680 acres, indicating just over 40% of the lands with permitted water rights are 
actually irrigated from the Creek. 





Figure 2-2
Gooseberry Creek at Grass Creek - Mean Daily Flow
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2.32.32.32.3    Irrigation Water RequirementsIrrigation Water RequirementsIrrigation Water RequirementsIrrigation Water Requirements    

During the 2005 field investigation, it appeared that the majority of the lands being irrigated from 
the Creek generally fell into the hay production pasture classification. To estimate irrigation 
requirements, Pochop et al, (1992) was utilized. This report utilizes a modification of the Blaney-
Criddle methodology for estimating consumptive use of various crops. The initial hydrologic 
investigation (Rice, 1983) utilized the Jensen-Haise methodology which incorporates several 
variables for which limited data (e.g., solar radiation) is available in the state. The WWDC Level 
II study utilized Trelease et al, 1970, which is also based on the Blaney-Criddle method (WWC, 
1984). Since the completion of Trelease et al, 1970, over 20 years of additional data has been 
collected and several more weather stations have come on line including several within the Big 
Horn Basin where Pochop et al, (1992) provided estimates for consumptive crop use. These are 
the reasons for selecting this methodology.  

The average elevation of irrigated lands within the District is approximately 4,800 to 4,900 feet. 
To estimate the average consumptive crop use for the Gooseberry Creek drainage, data from 
the Thermopolis and Sunshine stations were utilized. The Sunshine Station is located in the 
adjacent Wood River drainage and has an elevation of 6,444 feet and the Thermopolis Station 
has an elevation of 4,327 feet. Consumptive crop use and irrigation requirement estimates for 
alfalfa and grass/pasture are provided in Table 2-1 as well as a weighted average representing 
the Gooseberry Creek Basin based on 77% (Thermopolis) – 23% (Sunshine) split showing that 
an alfalfa field in the drainage area would require 22.58 inches of irrigation and  grass/pasture 
would require 21.10 inches. Currently, this demand must be supplied by creek flow alone 
without storage or supplemental water. 

2.42.42.42.4    HydrologyHydrologyHydrologyHydrology    

The USGS operated three stream gaging stations on Gooseberry Creek at various points and 
for lengths of time to monitor the creek flow. The longest period of record is associated with the 
Gooseberry Creek at Dickie (Station Number 06265800), which was operated from 1958 to 
1978. USGS Gaging Station 06266000, Gooseberry Creek near Grass Creek, was operated 
from 1945 to 1957. A review of the precipitation records for the Worland Weather Station, as 
they appear to be the most complete of all stations in the area, indicates that during USGS 
Gaging Station 06265800 operating period of record, precipitation averaged 90% of normal and 
for USGS Gaging Station 06266000, precipitation averaged 98% of normal. These data were 
compared to more recent data collected by the State Engineer’s Office (SEO) from a gage 
located near the original USGS Gaging Station 06266000 site for a period between 1986 to 
2003 as shown in Figure 2-3. The figure illustrates there has been little to no change in peak 
flow with time, suggesting that the hydrologic evaluations completed by Rice, 1983 and WWC, 
1984 are still valid today. 

Based on Worland precipitation records and existing gaging data without record extension or 
transformation to account for diversions, etc., it can be assumed that the runoff predictions for 
each gage should ere on the conservative side. Tables 1A and 2A of Appendix A present the 
mean daily flow data for each station and Table 3A presents the SEO gaging data. 



 

Lidstone and Associates, Inc. 2-5 Gooseberry Creek Level I Study 

October 2005  Wyoming Water Development Commission 

 
K:\OPEN\WYWDC107\Gooseberry Creek Level I Study-FINAL.doc 

Table 2-1, Consumptive Use and Irrigation Requirements for Hay Grown in Gooseberry 
Creek 
 

Station Crop Month Temp 
(F) 

Precipitation 
(in) 

CU 
(in) 

CIR 
(in) 

April 46 1.42 3.22 1.93 

May 56 2.15 5.24 3.2 

June 64 1.97 6.73 4.79 

July 72 0.97 7.6 6.46 

August 70 0.84 6.33 5.29 

September 60 1.17 3.52 2.44 

October 48 0.93 0.68 0.24 

Alfalfa 

Season   33.44 24.48 

April 46 1.42 3.04 1.76 

May 56 2.15 5.00 2.98 

June 64 1.97 6.42 4.48 

July 72 0.97 7.25 6.10 

August 70 0.84 6.01 4.97 

September 60 1.17 3.34 2.27 

October 48 0.93 0.65 0.22 

Thermopolis 

Grass/Pasture 

Season   31.83 22.9 

April 37 2.01 0.43 0.01 

May 46 2.81 4.03 1.77 

June 53 2.56 5.57 3.32 

July 61 1.56 6.48 4.95 

August 59 1.31 5.42 4.14 

September 52 1.42 2.97 1.8 

October 43 1.06 0.59 0.18 

Alfalfa 

Season   25.50 16.20 

April 37 2.01 0.41 0.01 

May 46 2.81 3.83 1.61 

June 53 2.56 5.32 3.08 

July 61 1.56 6.18 4.65 

August 59 1.31 5.14 3.87 

September 52 1.42 2.82 1.66 

October 43 1.06 0.56 0.17 

Sunshine 

Grass/Pasture 

Season   24.28 15.08 

April   2.58 1.49 

May   4.96 2.87 

June   6.46 4.45 

July   7.34 6.11 

August   6.12 5.03 

September   3.39 2.29 

October   0.66 0.23 

Alfalfa 

Season   31.61 22.58 

April   2.44 1.36 

May   4.73 2.66 

June   6.17 4.16 

July   7.00 5.77 

August   5.81 4.72 

September   3.22 2.13 

October   0.63 0.21 

Gooseberry Cr. 

Grass/Pasture 

Season   30.09 21.10 

CU = Consumptive Use and CIR = Consumptive Irrigation Requirement 
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Figure 2-3
Gooseberry Creek Gaging Data
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During the WWDC Level I study, Leonard Rice Consulting performed an extensive hydrologic 
investigation (Rice, 1983). Their analysis included accounting for stream depletions through 
upstream diversions and record transformation using precipitation and snow survey data to 
establish mean monthly runoff volumes for the two USGS gages identified above as well as the 
Neiber Gage located at the mouth of the basin. With this transformation, the mean annual runoff 
volume estimate for Gages 06265800 and 06266000 was 10,150 and 11,620 acre-feet, 
respectively. Table 2-2 provides a summary of the WWDC Level I study gaging station analysis 
results. Using these analysis results, estimates of average monthly discharge and monthly 
percentage of annual runoff were derived and are also presented in Table 2-2.  

The irrigated lands section identified approximately 7,700 acres with water rights between the 
intersection of Highway 431 and Highway 120 east to the confluence with the Bighorn River, 
excluding 500 acres currently irrigated by pumping from the Bluff Ditch. Irrigated lands mapping 
in 2001 under the Wind/Bighorn River Masterplan project identified 3,315 acres or 43% of lands 
with water rights as actually being irrigated. Upstream of the Highway on lands irrigated by the 
Sun Ditch, there are an additional 350 acres identified by the 2001 mapping that are included in 
the following analysis. 

Assuming that 3,665 acres are in production and an average annual runoff at the Grass Creek 
Gage of 11,600 acre-feet, at first glance there appears to be adequate irrigation water available. 
The problem, as described in the prior Level I and II studies, is to redistribute the flow such that 
water is available from the middle to late part of the irrigation season. Prior studies have 
recommended reservoir storage as the preferred method to meet mid to late season irrigation 
requirements.  

Analyses completed under the Level II investigation (WWC, 1984) indicated that the optimum 
size reservoir was 8,000 acre-feet. A reservoir feasibility analysis was performed using two 
different operational regimes. The first considers regulation on a theoretical basis using 
projected crop irrigation requirements.  

The second considers a priority-based system where a call on the river during the irrigation 
season supersedes storage. Under the second scenario it is assumed that the demand is based 
on the 1 cfs per 70 acre appropriation. Both scenarios consider that there is a 30% return flow to 
the system (Hasfurther, 1992). These calculations suggest that a creek flow of 40 cfs is required 
to irrigate 3,665 acres of District farmland. Both analyses assume there is no increase or 
decrease in the number of acres in production from what was measured in the 2001 Wind-
Bighorn Basin Plan. 

Table 2-3 shows the results of the two analyses. The results indicate that if the reservoir is 
operated to meet consumptive use irrigation demand, neglecting delivery losses, at the end of 
the irrigation season there would be approximately 5,000 acre-feet stored minus the evaporative 
and seepage losses. If the reservoir was operated in this manner and assuming 8,000 acre-feet 
of storage, there would be water available for irrigation the following year, should it be dry. 
Conversely, if the system was operated based on priority, by mid to late August the reservoir 
would be dry. The reservoir would serve to extend the irrigation season by approximately 4 
weeks, but would do little in terms of assisting the District during drought conditions. These 
simple spreadsheet models neglect losses throughout the delivery system, such as seepage 
and evaporation. Typical delivery losses are 10% per mile during a normal year but during dry 
years these losses could be 20 to 30% per mile or more. 



January February March April May June July August September October November December Total
Dickie
Runoff in ac-ft 110 160 340 1010 2940 3210 850 410 380 320 260 160 10150
Average flow in cfs 1.79 2.78 5.53 16.97 47.81 53.95 13.82 6.67 6.39 5.20 4.37 2.60
Percent of annual runoff 1.0837% 1.5764% 3.3498% 9.9507% 28.9655% 31.6256% 8.3744% 4.0394% 3.7438% 3.1527% 2.5616% 1.5764% 100.0000%

Grass Creek
Runoff in ac-ft 140 140 440 1380 3220 3250 1040 570 460 440 320 320 11620
Average flow in cfs 2.28 2.43 7.16 23.19 52.37 54.62 16.91 9.27 7.73 7.16 5.38 5.20
Percent of annual runoff 1.2048% 1.2048% 3.7866% 11.8761% 27.7108% 27.9690% 8.9501% 4.9053% 3.9587% 3.7866% 2.7539% 2.7539% 100.8606%

Buffalo Creek1

Est. Runoff in ac-ft 21.31 21.31 66.96 210.02 490.05 494.62 158.28 86.75 70.01 66.96 48.70 48.70 1783.7
Enos Creek2

Est. Runoff in ac-ft 10.22 10.22 32.12 100.74 235.05 237.24 75.92 41.61 33.58 32.12 23.36 23.36 855.5
Gillies Draw3

Est. Runoff in ac-ft 2.33 2.33 7.33 23.00 53.66 54.16 17.33 9.50 7.67 7.33 5.33 5.33 195.3
Sand Draw4

Est. Runoff in ac-ft 2.94 2.94 9.25 29.03 67.73 68.36 21.87 11.99 9.68 9.25 6.73 6.73 246.5

1  Buffalo Creek basin runoff estimate using Percent of Annual Runoff from the Grass Creek gage times the basin area times a unit area runoff of 31.3 acre-feet per square mile
2  Enos Creek basin runoff estimate using Percent of Annual Runoff from the Grass Creek gage times the basin area times a unit area runoff or 31.3 acre-feet per square mile
3  Gillies Draw basin runoff estimate using Percent of Annual Runoff from the Grass Creek gage times the basin area times a unit area runoff of 9.4 acre-feet per square mile
4  Sand Draw basin runoff estimate using Percent of Annual Runoff from the Grass Creek gage times the basin area times a unit area runoff of 9.4 acre-feet per square mile

Unit area runoff estimates are from the WWDC Level I study completed by Leonard Rice Consultants

Table 2-2
Estimated Natural Runoff for Gooseberry Creek

(From WWDC Level I Study completed by Leonard Rice (Rice, 1983))



Scenario A: Flow at the Grass Creek Gage -System operation is based on an Irrigation Water Requirement Demand

October November December January February March April May June July August September Total

Runoff Volume (ac-ft) 440 320 320 140 140 440 1380 3220 3250 1040 570 460 11620

Average Discharge (cfs) 7.16 5.38 5.20 2.28 2.43 7.16 23.19 52.37 54.62 16.91 9.27 7.73

Irrigation requirement (in) 0.22 0.00 0.00 0.00 0.00 0.00 1.44 2.77 4.31 5.94 4.88 2.21

Irrigation requirement (ac-ft) 67.19 0.00 0.00 0.00 0.00 0.00 439.80 846.00 1316.35 1814.18 1490.43 674.97

Storage Volume (ac-ft) 372.81 692.81 1012.81 1152.81 1292.81 1732.81 2673.01 5047.00 6980.66 6206.48 5286.05 5071.08

Irrigated land base assumed at 3,665 acres - includes all current irrigated acreage with the exception of lands being irrigated by pumping from the Bluff Ditch

Irrigation requirements based on the calculated average conditions for the watershed in Table A and a 50-50 mix of grass and Alfalfa

Flows based on the natural runoff at the Grass Creek gage as calculated by Leonard Rice in the WWDC Level I study and does not include contributions from Enos and Buffalo Creeks

Conditions presented assume an empty reservoir at the beginning of the water year

Scenario B: Flow at the Grass Creek Gage - System operation based on the Priority system (call on the river will supercede storage)

October November December January February March April May June July August September Total

Runoff Volume (ac-ft) 440 320 320 140 140 440 1380 3220 3250 1040 570 460 11620

Average Discharge (cfs) 7.16 5.38 5.20 2.28 2.43 7.16 23.19 52.37 54.62 16.91 9.27 7.73

Irrigation requirement (cfs) 40 0.00 0.00 0.00 0.00 0.00 40 40 40 40 40 40

Storage Release (cfs) 0.00 0.00 0.00 0.00 0.00 0.00 16.81 0.00 0.00 23.09 30.73 32.27

Storage Demand (ac-ft) 1000 0 0 1420 1010 0

Storage Volume (ac-ft) 440.00 760.00 1080.00 1220.00 1360.00 1800.00 800.00 1560.00 2430.00 1010.00 0.00 0.00

Irrigated land base assumed at 3,665 acres - includes all current irrigated acreage with the exception of lands being irrigated by pumping from the Bluff Ditch

Flows based on the natural runoff at the Grass Creek gage as calculated by Leonard Rice in the WWDC Level I study and does not include contributions from Enos and Buffalo Creeks

Conditions assume no irrigation in October and all water is diverted in Storage

Example Reservoir Operation Scenarios

(Flow estimates from WWDC Level I Study completed by Leonard Rice (Rice,1983))

Table 2-3
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The Level I and Level II reports identified a few off-channel sites as potential reservoir sites 
(Rice, 1983 and WWC, 1984). The advantage of these sites is the potential reduction in the 
design capacity of the emergency spillway to meet SEO regulations (Safety of Dams Rules & 
Regulations) due to a reduction in the drainage area and runoff. Table 2-2 provides estimates of 
the projected runoff from four tributary basins to Gooseberry Creek. The flows are based on 
runoff distribution estimates from the Grass Creek Gage and the Level I report. These estimate 
that 31.3 acre-feet of runoff per square mile can be expected between the Dickie and Grass 
Creek gages and 9.4 acre-feet of runoff per square mile can be expected between the Grass 
Creek and Neiber gages. It should be noted that there is a base flow condition in the Buffalo 
Creek Basin that is attributed to discharges from a battery of oil wells, which are located in 
Buffalo Creek Basin. These wells are estimated to average 1,000 acre-feet per year (Rice, 
1983). 

Estimates indicate that the basins considered do not produce sufficient runoff annually to 
sustain a viable reservoir by themselves except possibly Buffalo Creek. When average annual 
runoff is considered with the baseflow created by oilfield discharge, there is the potential to 
establish a reservoir with a capacity of approximately 3,000 acre-feet. Review of consumptive 
use results presented in Table 2-1 indicates that there is approximately a 2,000 to 3,000 acre-
foot storage requirement to over come the late season irrigation deficit. While constructing a 
reservoir on Buffalo Creek would do little to mitigate a long term drought situation, review of 
Table 2-2 indicates it has the ability to assist the District in meeting late season irrigation 
demand. 

The Level I and Level II reports also considered trans-basin diversions of water from the Wood 
River and Shoshone River watersheds into Gooseberry Creek. Subsequent to the completion of 
these studies all unappropriated water from these basins has been “put to beneficial use” and is 
no longer available to the District. 

In summary, the hydrologic analyses performed under this study, suggests that, on average, 
there is a sufficient volume of water available to irrigate the lands presently in production. The 
major problem is associated with timing of flows and the need to redistribute them, such that 
more water is available later in the season. For a redistribution system to work there must be 
cooperation amongst each party to put water into storage. Current practices generally indicate 
that each will take water whenever it is available, provided harvest is not occurring, for fear that 
it will not be available in the future. This has lead to irrigation during times that are far from 
optimum. If reservoir storage is added to the system and individual irrigators commit to storing 
water at the time when it is not required, it is possible for the District to extend the season and 
possibly have some carryover into the following year. For the storage to work it also means that 
there must be cooperation amongst the users and, to a degree, the traditional priority system be 
put aside to allow all District member an equal share of stored water.  

2.52.52.52.5    Water QualityWater QualityWater QualityWater Quality    

Table 2-4 presents the results of 29 samples taken at three different locations in the Gooseberry 
Creek watershed by the USGS. Analyses results indicate that the pH of the water is slightly 
basic and that the water is of sodium-sulfate, sodium – bicarbonate type. Samples were taken 
from the Dickie Gage and the Highway 431 Bridge during the same days. The results show that 
there is an increase in concentration of almost every constituent moving in a downstream 
direction. Upstream of the Highway 431 Bridge, the extent of irrigated land is limited to  
 



Table 2-4
Gooseberry Creek Water Quality

Station Date Discharge Temp SS pH Turbidity Conductivity Alaklinity BiCarb Calcium Magnesium Sodium Potassium Chloride Sulfate
(cfs) Degrees C (mg/l) Jackson micro s/c (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l)

Neiber 6/26/1965 35 18.9 7100
3/10/1966 12 0 698
9/14/1966 326 12.8 72100
9/14/1966 326 12.8 44900
7/15/2000 0.55 20 5 8.2 5.2 3400 214 262

Dickie 4/8/1977 31 1.5 1080 320 640 160 37 23 68 5.7 13 270
5/7/1977 31 9.5 205 30 430 160 34 18 35 2.3 3.1 91
6/2/1977 16 15 299 10 520 200 37 23 44 3.1 4.2 110

6/15/1977 5.2 17 3 2 710 270 46 38 59 4.3 5.3 170
6/29/1977 1.8 18 7 1 850 280 57 47 70 5.5 6.4 240
3/30/1978 5.5 8 70 25 800 240 65 39 55 4.4 9.8 230
5/17/1978 60 3 870 110 390 150 30 16 34 2.4 3.4 77

6/8/1978 141 9 2760 400 270 100 19 8.9 22 2.2 2.2 40
6/22/1978 62 14 252 40 400 150 30 16 30 2.2 4 73
7/11/1978 14 16 50 15 700 240 53 33 49 3.8 7.3 150
7/26/1978 8.4 15 217 8 750 270 64 40 64 6 11 180

Hwy 431 4/8/1977 17 9.5 8700 900 1540 310 36 58 170 12 33 550
5/7/1977 16 16 188 40 960 260 52 39 110 5.1 15 290
6/2/1977 6.2 20.5 297 150 1260 370 60 52 150 7.1 17 370

6/15/1977 3.3 19.5 3020 1600 3440 310 130 130 500 34 100 1500
6/29/1977 0.08 24.8 263 120 3310 450 99 120 500 22 72 1300
3/30/1978 6.3 12 1210 460 2150 390 100 110 340 17 61 1000
5/17/1978 77 5.5 7090 1200 1100 180 41 38 150 7.8 26 400

6/8/1978 143 12 4400 460 480 150 27 18 47 3.2 6.5 100
6/22/1978 33 15 912 80 75 230 42 31 81 3.9 7.6 190
7/11/1978 9.9 21.5 143 50 1080 330 62 49 110 5.7 15 290
7/26/1978 6 21 81 10 1400 330 65 61 160 6.9 13 410
9/19/2000 0.9 27 62 8.5 3.6 3200 332 391
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approximately 350 acres. It is doubtful that this increase in concentration is due to return flows, 
but rather is probably associated with the wicking of salts that were deposited during the period 
of declining flows in mid summer.  

Based on DEQ/WQD Chapter 8 standards, the Gooseberry Creek water appears to be suitable 
for irrigation at the Dickie Gage. Downstream from that gage, sulfate concentrations exceed the 
recommended limit of 200 mg/l. Concentrations of all other constituents appear to be 
acceptable. 
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3.03.03.03.0 GOOSEBERRY IRRIGATION DISTRIGOOSEBERRY IRRIGATION DISTRIGOOSEBERRY IRRIGATION DISTRIGOOSEBERRY IRRIGATION DISTRICTCTCTCT    

The District was formed to provide a means for the land owners to collect an annual 
assessment for projects, which could increase the amount of water available for irrigation. 

The District consists of land owners 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 land owners and approximately 3,200 acres potentially enrolled. 

3.13.13.13.1    District Financial EvaluationDistrict Financial EvaluationDistrict Financial EvaluationDistrict 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 O&M ($16,000), the maximum annual 
income available for debt service is $64,000, as shown in Table 3-1. 

Table 3-1, Gooseberry Reservoir Site Economic Information 
Total Irrigated Acres 3200 Acres Enrolled as of Sept. 7, 2005 
80% Irrigated Acres Billed 2560  
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 %) 50%  
Funding Source (Grant %) 50%  
Interest Rate 6.25%  
Loan Maturity 30 Years 
Maximum Loan Amount $857,876.22 100% of Irrigated Acres Included 
Maximum Project $1,715,752.45  
Minimum Loan Amount $686,300.98 80% of Irrigated Acres Included 
Minimum Project $1,372,601.96  

 
This translates to a maximum project cost of $1.71 million available to the District assuming that 
WWDC provides a grant for 50% of the total costs. 

Individually, the land owners 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 7 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. 

Table 1B In Appendix B, summarizes the impact of adding a variety of water fees to each acre 
and the required yield to break even. 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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3.23.23.23.2    Irrigation System ConditionsIrrigation System ConditionsIrrigation System ConditionsIrrigation System Conditions    

During this Level I project, LA personnel conducted a field survey of the irrigation infrastructure 
within the District boundaries. Within the District there are 17 separate ditches that deliver water 
to the 3,315 acres of irrigated land. Each ditch has it’s own point of diversion consisting of a 
headgate and diversion. Other components to the system included measuring devices and 
wasteways. For lands where access was permitted, LA mapped the location and photo 
documented each component of the ditches that comprise the District. Detailed descriptions of 
the individual ditches are found in Appendix C. 

Figure 3-1 shows the locations of all the diversion structures which were inventoried, surveyed 
and photographed during the investigation. 
 
LA observed that the typical diversion dam was constructed of some combination of concrete 
rubble, plastic sheeting, cars, rocks, and other debris. Headgates were typically located on the 
outside of a meander bend. Headgate location in combination with the position of the diversion 
dam allowed sediment being carried by the Creek to be deposited at the point of diversion and 
funneled directly into the ditch. The Holland Diversion Structure is shown in Figure 3-2 and is 
typical of the diversions along the Creek. 

Headgates were constructed from a variety of different materials ranging from slide gates to 
boards. Many of the headgates were not operable. A typical headgate is shown in Figure 3-3. 

Sedimentation was observed on the upstream side of several diversion dams and within some 
of the irrigation ditches (see Figure 3-4). Additionally, it appears that the lower ditches in the 
District have flow lines that are 1 to 3 feet above the level of the existing creek bed indicating 
the extent the creek has incised over time. 

It was LA’s observation that the irrigation infrastructure was inefficient and has deteriorated. If 
diversion and delivery efficiency could be improved, farm economics or the income per acre 
could be improved by providing additional water during critical growing times, thereby increasing 
typical yields. 
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Figure 3-2, Holland Diversion Structure 
 

  

 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 
Figure 3-3, Holly-Nichols Head Gate 
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Figure 3-4, Silt Near Blake-Denton Diversion 
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4.04.04.04.0 OPTIONSOPTIONSOPTIONSOPTIONS    

As stated in the Introduction, the goal of this study was to assist the District in obtaining 
additional irrigation water. There are many possibilities to provide this water, ranging from re-
regulation of existing flows to securing a new source(s) of supply. For an alternative to be 
considered for future study, it must satisfy two criteria; stay within the established District 
funding level of $1.71 million and provide sufficient water to allow each District member the 
potential to increase their yield to a minimum of 2.7 tons/acre. This production rate equates to 
the average yield for Hot Springs County in 2004. To meet this study’s goal, several alternatives 
were analyzed, with the initial focus being on reservoir storage, as recommended by the Level I 
and Level II studies conducted previously (Rice, 1983 and WWC 1984). 

4.14.14.14.1 Option 1 Option 1 Option 1 Option 1 –––– Construct an 8,000 Acre Construct an 8,000 Acre Construct an 8,000 Acre Construct an 8,000 Acre----foot Reservoirfoot Reservoirfoot Reservoirfoot Reservoir    

This option consists of constructing an 8,000 acre-foot reservoir along Gooseberry Creek, which 
will be used to re-regulate creek flows to provide more water in the latter part of the irrigation 
season. 

LA identified eight potential reservoir sites for evaluation as part of this project. Potential sites 
included some locations that were identified by the original Level I and Level II studies (Rice, 
1983 and WWC, 1984) as well as some new sites, primarily located off-channel to reduce 
spillway costs. The potential sites are as follows and their locations are shown on Figure 4-1: 

� South Fork of Fifteen Mile Creek,  

� Rankine Basin,  

� Sand Draw,  

� Lower Gooseberry Creek,  

� Gillies Draw,  

� Quartz Gulch,  

� Buffalo Creek, and  

� Enos Creek.  

The characteristics of each site, along with its potential viability are discussed below. The first 
four sites discussed below; South Fork of Fifteen Mile Creek, Sand Draw, Lower Gooseberry 
Creek, and Enos Creek were eliminated due to economic or political criterion. The remaining 
sites were short listed and more detailed economic, hydrologic and geotechnical (Appendix D) 
investigations were conducted on these sites. 

4444.1.1.1.1.1.1.1.1    SITE DESCRIPTIONSSITE DESCRIPTIONSSITE DESCRIPTIONSSITE DESCRIPTIONS    

4444.1.1.1.1.1.1.1.1.1.1.1.1    South Fork of Fifteen Mile CreekSouth Fork of Fifteen Mile CreekSouth Fork of Fifteen Mile CreekSouth Fork of Fifteen Mile Creek    

This reservoir site is located just north of Gooseberry Creek on the South Fork of Fifteen Mile 
Creek and is outside the watershed.  
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Inundated Area 

The majority of the South Fork of Fifteen Mile Creek Basin is public land that is neither irrigated 
nor inhabited. 
 
Geology 
The majority of the South Fork of Fifteen Mile Creek drainage is located in the Willwood 
Formation. Moving towards the headwaters of the drainage, the more resistant and overlying 
Tatman Formation is exposed. The Tatman Formation is composed of claystone and sandstone 
with some oil shale. Brightly variegated claystones and sandstones with some lenses of quartz 
conglomerate characterize the Willwood Formation. While a field investigation of the upper 
portion of the Fifteen Mile Creek drainage was not performed, observations of the area just east 
of the Hot Springs – Washakie County line provided a good indication of high erodibility of the 
Willwood Formation. It was also noted that a stock reservoir in the area had been essentially 
silted in with very fine clay and that a replacement stock reservoir had been constructed just  
below the original dam to provide a water source for livestock and wildlife. Further 
documentation of this drainage’s elevated erodibility level is provided by Cooper (1979), which 
indicated that although the watershed only contributes 0.8% of the mean annual flow to the 
Bighorn River, it contributes 75% of the sediment supply. The highly erosive conditions 
observed and documented by Cooper suggest that a reservoir constructed in this basin would 
silt in fairly rapidly. To maintain capacity, sediment would need to be dredged relatively 
frequently to keep the reservoir in optimal condition, resulting in higher O&M costs.  

Water Availability 

The South Fork of Fifteen Mile Creek is an ephemeral drainage, flowing only in response to 
precipitation events or snowmelt. Though the drainage area above the potential reservoir 
location would encompass approximately 19 to 20 square miles, the volume of annual runoff is 
limited to an average of 15 acre-feet per square mile (Peterson et al, 1987). Thus, the basin 
could be expected to produce an average of 300 acre-feet of water per year. A viable reservoir 
constructed in this drainage would require water diverted from Gooseberry Creek. Water stored 
in this reservoir would have to be pumped back into Gooseberry Creek to provide water to the 
maximum number of users. Delivery of the stored water could either be done by pumping or by 
gravity. If accomplished by gravity, the length of ditch would need to be fairly substantial in order 
to achieve the elevation required for a satisfactory gradient. 

Conclusion 

This site was eliminated from further consideration because of the high degree of sediment 
loading, which would result in high O&M costs. In addition, the reservoir location is not 
conducive to providing water to irrigated lands upstream of Murphy Draw road without 
significant pumping costs. Because this group of irrigators probably would be eliminated, the 
amount of money available for the project also decreases in size. It should be noted that Fifteen 
Mile Creek Basin could serve as a good borrow source for clay to construct the core of an 
earthen dam. 

4444.1.1..1.1..1.1..1.1.2222    Sand DrawSand DrawSand DrawSand Draw    

Sand Draw is located along Highway 431 and is located within the Gooseberry Creek 
watershed. 
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Inundated Area 

The inundated area would not result in any currently irrigated lands being taken out of 
production. Most of the land within the reservoir’s footprint is public, though a small amount of 
private land would be flooded when the reservoir was full. Additionally, Highway 431 would be 
flooded and require relocation. To address this issue, potential alignments would need to be 
proposed and associated engineering studies conducted to derive a solution that was 
acceptable to the Wyoming Department of Transportation. The costs associated with this effort 
along with the actual relocation would need to be added to the reservoir construction costs.  

Geology 

The site is located in the Willwood Formation. The problems associated with this formation in 
terms of accelerated rates of erosion and sedimentation as well as leakage potential has been 
previously discussed.  

Water Availability 

The site is an off-channel reservoir site and would have similar water supply issues as 
discussed above. 

Dam Construction 

LA’s field observations and analysis of topographic mapping indicate that the dam though low in 
height to achieve the required storage capacity, would be very long. A reservoir at this location 
would be shallow and have a very large surface area. This type of geometry would increase the 
infiltration and evaporation losses compared to other sites. 

Conclusion 

LA eliminated this site from further investigation due to potential for sizeable infiltration and 
evaporative losses and the additional cost associated with road relocation, foundation issues 
and high deposition potential.  

4.1.1.34.1.1.34.1.1.34.1.1.3    Lower Gooseberry CreekLower Gooseberry CreekLower Gooseberry CreekLower Gooseberry Creek    

The site is located on Gooseberry Creek, approximately 2 to 3 miles downstream of the 
Highway 120 crossing. Rive, 1983 and WWC, 1984 investigations provide detailed information 
on this site.  

Inundated Area 

This site would inundate some of the most productive pieces of irrigated land within the valley 
and flood-out at least two residences and several buildings. Depending on the exact height of 
the dam, it is possible that the water would back up sufficiently to impact Highway 120, 
especially during a flood event.  

Geology 

The site is located in the alluvial deposits of Gooseberry Creek with the valley walls being 
composed of the Willwood Formation. As Seepage may be a concern with the Willwood 
Formation as discussed below in Section 4.1.1.5. The primary concern raised by the WWDC 
Level III report concerned the thickness of the alluvial deposits and the overall depth to bedrock.  
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Water Availability 

Because the reservoir is located on Gooseberry Creek, no additional supply canals, pipelines or 
pumping stations would be required.  

Dam Construction 

The depth to bedrock and the extent of the key required for construction at this site is a concern 
because of the unknowns associated with the thickness of alluvium. Because the reservoir is 
located on channel, the required spillway size will be much greater than other locations 
considered in this analysis. 

Conclusion 

LA eliminated this site from further investigation due to the loss of property, cost associated with 
a large spillway, the potential for foundation issues, and the economic impact associated with 
the loss of irrigated lands. 

4444.1.1..1.1..1.1..1.1.4444    Enos CreekEnos CreekEnos CreekEnos Creek    

Enos Creek is a tributary to Gooseberry Creek. The site is the furthest upstream location 
considered during this investigation. 

Inundated Area 

The dam would inundate productive grass land owned by the LU Ranch. The LU Ranch has the 
most senior water right on Gooseberry Creek and will likely be opposed to any reservoir site that 
directly affects their irrigated lands. No discussions have been held with LU Ranch 

Geology 

The site is located in the Mesa Verde Formation. This formation consists of sandstone, shale, 
carbonaceous shale and coal. Within the creek’s drainage basin is the Meeteetse Formation 
that consists of bentonite, claystone, shale, siltstone, and clayey sandstones. The materials of 
the Meeteetse Formation can be highly erosive. 

Conclusion 

This site is not retained for additional investigation due to the impact to the LU Ranch and 
potential foundation issues. 

4444.1.1..1.1..1.1..1.1.5555    Rankine BasinRankine BasinRankine BasinRankine Basin    

Rankine Basin is located just south of Gooseberry Creek and is within the Gooseberry Creek 
watershed. 

Inundated Area 

The reservoir would be located on public land, none of which is irrigated. Assuming a dam 
height of approximately 100 feet, approximately 320 acres would be inundated as shown on 
Figure 4-2. However, the inundated area would potentially impact a high voltage power line, 
requiring the line to be relocated and increasing the project costs. 
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Geology  

The dam site and drainage area are located within the Willwood Formation. Field observations 
show the valley walls to be claystone and conglomerates. Conglomerate lenses interlaced 
throughout the formation may result in elevated seepage losses. Depending on the extent of 
these lenses in the area of the dam, stability could be a problem if preferential pathways 
developed once the lenses become saturated. An extensive geotechnical program  
would be required to further identify the extent of these permeable zones in the area of the 
proposed dam site as well as remediate potential problems.  

Field observations throughout the area indicate that erosion is a concern with this formation. 
This was especially observed along South Fork of Fifteen Mile Creek and also further east along 
Gooseberry Creek, where an irrigation ditch was silted in with about 8 inches of sediment. 
Within Rankine Basin, evidence of high sediment loading or unusual sediment deposits were 
not observed. The absence could be attributed to the relatively flat topography in comparison to 
Fifteen Mile Creek Basin as well as a much smaller contributing drainage area. 

Geotechnical 

Inberg-Miller Engineers (IME) conducted a geotechnical investigation (Appendix D) during the 
week of August 15, 2005. At each site a direct-push rig was used to obtain a core sample of the 
channel bed. Sampling depth stopped at 30 feet or at the depth of refusal, whichever depth was 
shallower. The locations for each boring are shown on Figure 4-1. 

The alluvial deposits in Rankine Basin are approximately 25 to 30 feet deep and consist of fine 
sands, silts, gravel and interspersed clay lenses. These materials exhibit similar characteristics 
to the materials discovered during the Upper Gooseberry Reservoir investigation. Conditions 
present would indicate that the degree of excavation required to establish an adequate 
foundation would be similar to the recommendations and requirements presented in the Level III 
report (MKE, 1987). 

Water Availability 

Rankine Basin is an ephemeral tributary to Gooseberry Creek. The proposed reservoir location 
has a contributing drainage area of approximately 5 to 6 square miles. The small drainage area 
indicates that in order to utilize the site for a reservoir, a supply canal or pipeline from 
Gooseberry Creek would need to be constructed. To fill the reservoir by gravity would require 
construction of a canal or pipeline approximately 3 to 4 miles in length, located approximately 2 
to 3 miles upstream of the basin’s confluence with Gooseberry Creek. Additionally, the pipeline 
or canal would need to cross Highway 431 and because there is no existing point of diversion in 
the general area, a new diversion dam and headworks would be required.  

To eliminate the need for a supply canal, a lift station could be constructed to pump water to the 
reservoir from Gooseberry Creek. Depending on the exact location of the dam, a transmission 
line between 3,000 and 4,000 feet in length would be constructed from the creek to the 
reservoir. To eliminate potential sedimentation issues, an infiltration gallery could be utilized in 
place of the standard intake system. Water released from the reservoir back to the creek for 
distribution would be through a standard gravity feed system, either through a canal or pipeline. 
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Additionally, this site could potentially capture the runoff from Sand Draw and use a District 
identified water well on BLM property near Highway 431 and Highway 120 reportedly capable of 
pumping 800 gpm.  

Dam Construction 

The dam would span approximately 1,100 feet of the draw and would likely be located half way 
up Rankine Basin as shown in Figure 4-2. To achieve a reservoir capacity of 11,500 acre-feet, 
the dam height would be approximately 100 feet. This amount of storage would meet the 
minimum size requirements of 8,000 acre-feet suggested by WWC in their earlier Level II report 
and allow for ample dead storage to address sedimentation. Because the reservoir would be 
located “off-channel” and has a relatively small contributing drainage area, the required size of 
the emergency spillway would be significantly less than the one proposed for the Level III Upper 
Gooseberry Dam site. Spillway sizing would be done in accordance with SEO requirements.  

Conclusion  

This site is being retained for further economic evaluation below. 

4444.1.1.6.1.1.6.1.1.6.1.1.6    Gillies DrawGillies DrawGillies DrawGillies Draw    

The Gillies Draw site is located near the mouth of Gillies Draw, a tributary of Gooseberry Creek. 
The location is near the Lower Gooseberry Creek site.  

Inundated Area 

This reservoir would inundate approximately 290 acres as shown on Figure 4-3. LU Ranch 
owns property located on the floor of the draw that would be affected by the inundation. This 
property is not irrigated but is used as pasture land.  

Geology 

The site is located in the Willwood Formation. The problems associated with this formation in 
terms of accelerated rates of erosion and sedimentation as well as leakage potential has been 
previously discussed. Field observations, though limited because of the difficult access, indicate 
less erosive conditions than other parts of the watershed. More resistant Willwood Formation 
strate are likely exposed within this watershed. 

Geotechnical 

Preliminary information indicates that the Gillies Draw area has approximately 6 feet of alluvium. 
The alluvium is underlain by claystone. This depth appears to be relatively shallow and may not 
represent the extent of alluvium present at the proposed dam site. Because of coring rig access 
limitations, the sample location was as far up the draw as could be reasonably accessed. If this 
site is chosen for further investigation, access will need to be improved in order to obtain 
accurate geotechnical samples of the proposed dam site. 

Water Availability 

Gillies Draw is an ephemeral tributary to Gooseberry Creek. It has a drainage area of 
approximately 19 square miles. The original Level I report (Rice, 1983), estimates the average 
annual runoff for the basin is approximately 200 acre-feet. By itself, it does not appear that a 
sufficient volume of water is available to sustain a reservoir of any size close to the 8,000 acre-
feet recommended. A supply canal or lift station would need to be constructed to divert water  
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Figure 4-3.

Gooseberry Creek Storage, Level I Study

Gillies Draw and Quartz Gulch Reservoir Sites
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from the creek to the reservoir. The headgate for the diversion would need to be located in the 
area of the Pine Tree Extension of the Quartz Ditch point of diversion, at a minimum. The supply 
canal would have a minimum length of approximately 14,000 feet.  

Dam Construction 

Site access under existing conditions is extremely difficult. There are currently no roads into the 
mouth of Gillies Draw. USGS topographic mapping of the area suggests that the mouth of the 
draw is a promising prospect for a dam location. However, this exact location was not 
investigated in the field. Based on topographic mapping, a dam approximately 1,000 feet in  
length and 100 feet in height would impound 12,200 acre-feet of water. A reservoir with this 
amount of dead storage available would provide ample sediment storage volume. Because the 
reservoir is located off channel and on an ephemeral draw, spillway requirements would be 
significantly less when compared to the Lower Gooseberry site. Additional hydrologic 
investigation would be required for sizing.  

Conclusion 

This site is being retained for further economic evaluation below. 

4444.1.1.7.1.1.7.1.1.7.1.1.7    Quartz GulchQuartz GulchQuartz GulchQuartz Gulch    

Quartz Gulch is an ephemeral tributary of Gooseberry Creek in the middle of the watershed. 

Inundated Area 

The proposed dam location is on public land and the current land use is grazing. The 
approximate area to be inundated is 135 acres as shown on Figure 4-3. Reservoir construction 
would eliminate access to the draw in the future except from the north, which is through private 
property.  

Geology 

Geologic mapping of the site indicates that the lower portion of the gulch is located in the Fort 
Union Formation and the headwaters area in the Willwood Formation. Characteristics of the 
Willwood Formation have been previously described. Stratagraphically, the Fort Union 
Formation lies under the Willwood Formation and consists of claystone, sandstone, siltstone 
and conglomerates. The formation can also contain thin lenses of bentonite, shale and siltstone, 
which are potentially highly erosive, similar to the Willwood Formation. Field observations did 
not indicate that material erodibility would be a concern at this site.  

Valley walls of the draw appeared to be a conglomerate in a clay matrix, potentially associated 
with the Willwood Formation. The draw floor and down gradient of the draw’s mouth is an 
alluvial quartz cobble field with cobbles up to 12-inches in diameter. 

Geotechnical 

Field geotechnical data indicate that this site has at least 11 to 14 feet of gravel, sand and 
cobbles as alluvial deposits. IME ceased drilling as they were unable to penetrate through a bed 
of large cobble material. Depth to bedrock was not established at this location. 

Dam Construction 

To achieve the minimum 8,000 acre-foot capacity suggested by the Level II report (WWC, 1984) 
the dam would be required to span 1,500 feet and be approximately 160 feet high (elevation 
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5,520 feet) to impound 8,325 acre-feet of water. This allows a very nominal amount of storage 
for sediment. The major advantage to this location concerns low amounts of evaporation due to 
the small surface area in comparison to the other sites. Drainage area above the dam is 
approximately 9 square miles; limiting the average annual runoff to approximately 160 acre-feet. 

Because of the very limited drainage area, it can be reasonably assumed that the required 
spillway size will be smaller than any other site evaluated, with the exception of Rankine Basin. 
Should this be a selected option, further hydrologic investigation will be required for spillway 
sizing. Water diverted from Gooseberry Creek would augment Quartz Gulch supply. If a gravity 
system were to be used, the problem is with the dam height required to meet the assumed 
storage requirement of 8,000 acre-feet. Because of this, the point of diversion would need to be 
above the existing Star Ditch point of diversion and the supply canal would need to be a 
minimum of 16,000 feet in length. 

Conclusion 

This site has been retained for additional economic evaluation below. As a side note, the cobble 
field has the potential to yield material for a dam shell. 

4444.1.1.8.1.1.8.1.1.8.1.1.8    Buffalo CreekBuffalo CreekBuffalo CreekBuffalo Creek    

Buffalo Creek is an intermittent tributary to Gooseberry Creek.  

Inundated Area 

The proposed dam site is partially on public and partially on private land. The inundated area 
would encompass approximately 250 acres of private and public lands as shown on Figure 4-4. 
Based on 1992 mapping, a pipeline is located within the proposed reservoir footprint. The 
pipeline would need to be relocated or abandoned to accommodate the reservoir. 

Geology 

The site is within the Fort Union Formation, the general characteristics of which have been 
previously discussed. Field observations of the general area indicated no significant areas of 
erosive soils or high sediment yield. If this site is retained for a Level II investigation, additional 
geotechnical analysis of the area will be required. 

Geotechnical 

The field geotechnical investigation showed approximately 8 feet of alluvium underlain by 
claystone. However, the floodplain on the north side of the creek appeared more extensive, 
which may result in a thicker alluvial deposit. 

Water Availability 

The Buffalo Creek drainage area is approximately 56 square miles. As discussed previously, the 
annual average runoff is approximately 3,000 acre-feet. Therefore, the site is not viable without 
additional contribution from Gooseberry Creek via a supply canal or lift station. There are some 
advantages because this site is off-channel. However, because the drainage area is 
substantially greater than other off-channel sites evaluated, spillway cost will be higher.  
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Figure 4-4.

Gooseberry Creek Storage, Level I Study

Buffalo Creek Reservoir Site
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Dam Construction 

A dam along Buffalo Creek would likely span 1,420 feet and be approximately 70 feet high 
(elevation 5,380 feet) impounding approximately 9,706 acre-feet - sufficient for sediment 
storage and losses. 

In order to finalize the spillway design the drainage area would need to undergo hydrological 
analyses. 

Conclusion 

This site has been retained for economic evaluation below. 

4444.1..1..1..1.2222    ECONOMIC EVALUATIONECONOMIC EVALUATIONECONOMIC EVALUATIONECONOMIC EVALUATION    

Review of the U.S. Army Corp of Engineers Civil Works Construction Cost Index System 
(ACOE, 2005); indicate that construction costs have increased significantly since the original 
Level I report was completed in 1987. The 1987 cost estimate of $8.34 million for the 
construction of Upper Gooseberry Reservoir, has increased to approximately $14.74 million in 
2007 or $1,842 per acre-foot impounded for the Upper Gooseberry site. Cursory level research 
concerning the cost of two recently constructed reservoirs in Wyoming, High Savery and Roach 
Gulch, indicate per impounded acre-foot of storage costs of $1,346 and $1,233, respectively. 
These reservoirs have substantially more storage in comparison to the proposed minimum 
volume asserted for the Gooseberry Creek drainage. The larger storage volume would suggest 
that the cost per acre-foot of storage should be substantially lower. Therefore, it is LA’s opinion 
that using a cost of $1,800 per acre-foot of storage is reasonable for screening purposes.  

Assuming the estimated unit costs from above, are applicable anywhere within the study area, 
the cost to construct a reservoir to store 8,000 acre-feet will be between $9.8 million and $14.4 
million. Based on the assumed maximum assessment rate of $25.00 per acre, these projected 
costs are beyond the District’s financial capability by a factor of between 5.7 and 8.4 times the 
estimated maximum funding. Utilizing screening level estimates for engineering and 
construction costs, the largest reservoir that the District could afford would have a storage 
capacity of approximately 1,200 acre-feet. Storage capacity could only be increased if the 
District was willing to accept a higher assessment rate, additional acreage is placed in 
production or additional funding could be secured. However, putting more acres into production 
is a double edged sword as more water would be required to sustain economically viable rates 
of production. The Level II report (WWC, 1984) suggested that the minimum reservoir capacity 
should be 8,000 acre-feet to provide not only water during the latter stages of the irrigation 
season, but to also provide some carry over to the next season. A reservoir of smaller size 
would provide limited benefit to the District. Analyses completed under this study did suggest 
that a reservoir with a capacity of 2,500 acre-feet would be sufficient to meet the late season 
irrigation demand under average conditions. However, design and construction costs of $3.1 
million are still beyond the District’s reasonable financial means. It should also be considered 
that this would be a substantial debt load for the District to incur for a relatively limited benefit.  

The overall economic picture described above is contingent on currently enrolled acres within 
the District boundaries participating in the $25 per acre assessment. If land owners choose not 
to participate or participate at a reduced level, the overall funds available are less than those 
discussed. 



 

Lidstone and Associates, Inc. 4-14 Gooseberry Creek Level I Study 

October 2005  Wyoming Water Development Commission 

 
K:\OPEN\WYWDC107\Gooseberry Creek Level I Study-FINAL.doc 

Individual Site Analyses 

In addition to the above analysis of the overall economics of constructing a reservoir, each site 
selected for a geotechnical analysis was evaluated economically. Cost estimates were derived 
by taking the inflated cost of the original Upper Gooseberry Reservoir site ($14.74 million) and 
dividing it by the length and then by the height of the dam to establish a cost per linear foot per 
vertical foot. The calculated unit cost is $154. Using this unit cost and attaching it to each 
conceptual dam, an initial estimate of reservoir cost for each site can be determined. A 
summary of the dam construction costs is shown below: 
 

1. Rankine Basin - $13.8 million; the Rankine Basin dam is the smallest dam spanning only 
900 feet at a height of 100 feet. 

2. Buffalo Creek - $15.3 million; this dam is the longest spanning 1,420 feet but is only 70 
feet tall. 

 
3. Gillies Draw - $15.4 million; this dam is approximately the same size as the Rankine 

Basin dam spanning 1,000 feet at a height of 100 feet. 
 

4. Quartz Gulch - $36.9 million; this dam spans approximately the same distance as the 
other dams at 1,500 feet but is 160 feet tall. The resultant dam height and width 
necessitate more extensive construction for the dam resulting in higher costs. 

 
These estimates do not consider additional costs associated with supply channels or pipelines, 
or relocating items in conflict with the work. 

4444.1..1..1..1.3333    RESERVOIR SITE RANKINGSRESERVOIR SITE RANKINGSRESERVOIR SITE RANKINGSRESERVOIR SITE RANKINGS    

After evaluating the characteristics, geotechnical borings and the economics of the sites, the 
sites are ranked as follows (see Table 4-1): 

1. Gillies Draw and Buffalo Creek – These two sites essentially tied at number one. This 
rank is based on the relatively low construction cost and favorable geotechnical 
characteristics. The dam site selected in the Buffalo Creek Basin has added costs 
associated with pipeline relocation, but this could be potentially avoided through dam 
relocation. 

 
2. Rankine Basin – The site is ranked second due the size of the dam, the minimal impact 

to irrigated lands and the geotechnical investigation. Even though the reservoir costs are 
the lowest, they do not take into account the supply channel required to fill the dam or 
the necessity of moving the high voltage overhead lines.  

 
3. Quartz Gulch – Quartz Gulch would inundate the least amount of acreage but would 

require the tallest dam to meet the requirements of the study. Also, the maximum pool 
elevation would require the construction of much more extensive supply channel/pipeline 
or a large lift station to fill the reservoir. These ancillary facilities further increase the cost 
of construction. Because of substantial construction costs, further investigation of this 
site is not recommended unless the District is willing to significantly reduce storage 
volume.  
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Table 4-1, Gooseberry Reservoir Ranking Matrix 
Site Rankine Basin Gillies Draw Quartz Gulch Buffalo Creek 

Item 
Cost 1 3 4 2 
Dam Height 2 2 4 1 
Dam Length 1 2 4 3 
Geotechnical 4 1 3 1 
Inundated Area 4 3 1 2 
Private Land Inundated 1 4 2 3 
Utility Concerns 4 1 1 4 
Available Water 3 2 4 1 

Total Points 20 18 23 17 
Notes:  Ranking: 1-best, 4-worst; Lowest Total Score is the best. 

 

4444.1..1..1..1.4444    CONCLUSIONCONCLUSIONCONCLUSIONCONCLUSION    

The option of building an 8,000 acre-foot reservoir is not economically feasible for the District. It 
would be possible to build a smaller reservoir (1,200 acre-feet). However, the value of a small 
reservoir is limited when the degree of improvement in irrigation hydrology and economic outlay 
is considered. LA does not recommend that a Level II study be conducted on a reservoir site 
until better economic conditions exist. If those economic conditions should become available, 
our recommendation would be to focus the Level II investigation on Buffalo Creek and Gillies 
Draw. 

4.24.24.24.2 Option 2 Option 2 Option 2 Option 2 –––– Water from Grass Creek Oil Field Water from Grass Creek Oil Field Water from Grass Creek Oil Field Water from Grass Creek Oil Field    

The project team researched the SEO database for wells in the Grass Creek Oil Field that were 
capable of producing more than 200 gpm of water. Because a sufficient number of wells were  
identified, LA developed a conceptual level design to determine whether the water could be  
piped to supplement Gooseberry Creek flow in an economically feasible manner. Well locations 
and the associated transmission system are shown in Figure 4-5. 

4444.2.1.2.1.2.1.2.1    DESCRIPTIDESCRIPTIDESCRIPTIDESCRIPTIONONONON    

Fourteen wells were identified in immediate proximity to Hot Springs County Road 17 on lands 
predominantly administered by the Bureau of Land Management. Table 4-2 provides the 
location and the permitted yield for each well. 

In order to access these wells and acquire the water, Marathon Oil Company (Marathon) would 
need to be contacted to determine the actual availability and whether they would be amenable 
to allowing the District to use the water. Marathon may also require the District to pay a fee for 
use of the water. 
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Table 4-2, Potential Grass Creek Water Wells 
Permit # TWN RNG Sect Q-Q Yield (gpm) 

P28716W 46 N 98 W 7 SESW 350 
P30213W 46 N 98 W 7 SESW 230 
P1130W 46 N 98 W 18 NWSW 323 
P66179W 46 N 98 W 18 NENW 246 
P66179W 46 N 98 W 18 NENW 445 
P66187W 46 N 98 W 18 NENW 408 
P66180W 46 N 98 W 19 SWNE 269 
P66183W 46 N 98 W 19 NENW 508 
P66184W 46 N 98 W 19 SENE 846 
P66186W 46 N 98 W 19 NENW 204 
P66188W 46 N 98 W 19 SWNE 233 
P29572W 46 N 98 W 20 SWNW 350 
P66181W  46 N 98 W 20 SWSW 259 
P66182W 46 N 98 W 20 SWSW 1236 

TOTAL 5,907 

 
Assuming all the wells were put online, the total flow would be 5,907 gpm, 13.2 cfs or 
approximately 800 acre-feet per month utilizing the irrigation requirement analyses from Table 
2-3 and neglecting losses, 800-acre-feet is sufficient to make up nearly the entire shortfall in 
July and 87% of the shortage in August. These statements are based on the average condition 
and irrigators applying sufficient water to meet crop water demand. If irrigators divert water from  
the Creek at their appropriation level of 1 cfs per 70 acres, water pumped from Grass Creek will 
make up approximately 50% of the irrigation shortfall. 

A manifold collector system would be required to collect the water from each well and convey it 
to a single transmission line. To avoid potential problems with easements, the simplest 
transmission line route would be along the existing county road and State Highway 120. 
Approximately 32,275 feet or 6.1 miles of 18-inch pipe will be required to pipe the water from the 
manifold system to Gooseberry Creek. This estimated length does not include the pipe 
necessary to construct the collector system. 

The quantity of water from Sections 19 and 20 is approximately 4,000 gpm or 66% of the total 
flow. Water obtained from this portion of the well field must be pumped to the transmission line  
in order to over come the 150 to 200 feet of elevation difference. Therefore, the District would 
need to construct a lift station. The remainder of the wells are located such that gravity can be 
utilized to transfer the water to the Creek. 

Some additional issues should be considered when evaluating this alternative. First, all wells in 
Section 20 are located on private land. This situation would suggest the potential for securing 
water from these wells is rather remote. If a system was developed without these wells, there 
would be a reduction in project cost due to smaller transmission line requirements and smaller 
pumping rates. However, the 31% reduction in flow volume associated with the removal of the 
Section 20 wells would suggest that only a limited portion of the District would benefit. Assuming 
this action would result in a corresponding reduction in the number of members willing to 
contribute to the project, the amount of available funds for the project could significantly 
decrease. 

The second consideration is water quality. Limited data were publicly available for the wells 
being considered in the Grass Creek oil field. Lowry et al, 1976 identified a well completed in 
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Madison-Bighorn Dolomite formations as having a Total Dissolved Solids concentration of 3,200 
mg/l. This is approximately 50% greater than the recommended limits for irrigation water found 
in Wyoming Department of Environmental Quality – Water Quality Rules and Regulations, 
Chapter 8. A review of average flow conditions, as defined in Table 2A, indicates that average 
flow in July and August is approximately 12 and 4 cfs, respectively. Utilizing the data collected 
by the USGS at the Highway 431 Bridge, by August there may not be sufficient flow volume 
available to provide the necessary dilution. 

Finally, conveyance losses within Gooseberry Creek could be significant during summer 
months. It is estimated that during the dry time of the year, conveyance losses of 10% to 20% 
per mile of creek could be experienced reducing the available water at the down stream end of 
the creek. 

4444.2.2.2.2.2.2.2.2    ECONOMICSECONOMICSECONOMICSECONOMICS    

This option’s feasibility level estimate of probable capital cost is shown in Table 4-3. 
 
Table 4-3, Grass Creek Water Wells Estimated Probable Cost 

Item Quantity Units Unit Cost Subtotal 
18-Inch Transmission Line 32,275 Feet $60 $1.94 Million 
Easements 1 LS $20,000 $20,000 
Collection System 20,200 Feet $30 $606,000 
Lift Station 1 LS $400,000 $400,000 

TOTAL $2.97 Million 

 
In addition to capital costs, long-term operation and maintenance costs are estimated to be 
$10,500 per month of operation in addition to approximately $24,700 set aside annually to 
replace pumps on a 10 year cycle. Assuming the lift station operates for 4 months annual 
operational costs would be $66,700 requiring an increase in annual water fees to accommodate. 
These costs do not include fees for easements or water purchasing fees to Marathon. 

4444.2.3.2.3.2.3.2.3    CONCLUSIONCONCLUSIONCONCLUSIONCONCLUSION    

This option would provide additional water to the District. The capital costs and the operational 
costs appear to be just out of reach of the District’s current rate structure. Utilizing the current 
rate structure the capital and operational costs are 1.73 and 2.6 times the respective amounts to 
be set aside by the District. In order to meet this level of financing the District would be required 
to increase the annual assessment to $50 per acre. 
 
Further work is required to determine what volume and quality of water, is available for transfer. 
Operational costs with and without Marathon participation must be better defined to determine 
use. Answers to these questions will determine what percentage of this alternative is feasible 
and if District members are willing to participate in this project. Based on the number of 
members willing to participate, an in-depth economic analysis can be performed to assess 
project viability. Marathon Oil and/or its successors and assigns should be contacted. 

4.34.34.34.3 Option Option Option Option 3333    –––– Irrigation System Upgrades Irrigation System Upgrades Irrigation System Upgrades Irrigation System Upgrades    

This option does not directly address the need of providing additional water to the District 
through re-regulation of existing flows or obtain new supply source(s). Rather, additional water 
is assumed to be made available through improvements to the existing irrigation system. 
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4.3.14.3.14.3.14.3.1    DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION    

The project team conducted a field investigation of the irrigation system during this study as 
discussed previously in Section 3. Based on field observations, it was noted that almost every 
diversion suffers from a common sedimentation problem. This problem can be directly attributed 
to headgates being located on the outside of meander bends and diversion dams being 
constructed immediately downstream of the headgate. If feasible and cost-effective, diversion 
points should be relocated to “crossing-reaches” rather than the outside of bends. This would 
increase bank stability as well as reduce the volume of sediment being directed into the ditch. 
 
In several instances, it may not be possible to relocate the headgate. For these situations, it is 
recommended that irrigators replace the existing “push-up” type diversion dams with a more 
permanent structure, such as a compound weir or the Natural Resources Conservation Service 
(NRCS) design with a collapsible weir plate (Appendix E). If a compound weir design is 
selected, they can be constructed of a variety of materials, including rock, concrete, and sheet 
pile. The configuration of the dam is a stepped weir with a low flow notch. 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 elevation of the low flow notch should be equal to 
or less than 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. By locating the 
dam slightly downstream of the headgate, the volume sediment being forced through headgate, 
which is ultimately deposited in the ditch, will be reduced.  
 
In addition to relocation of diversion dams to reduce sediment loading, several headgate 
structures require replacement, the most notable being the Blake-Denton and the Pine Tree 
Extension of the Quartz Ditch. In both instances, flow, assuming sufficient quantity to be 
available, is diverted constantly. In the case of the Pine Tree Extension of the Quartz Ditch, this 
has lead to the ditch being breached in a minimum of two locations. With regard to the Blake-
Denton, the absence of a headgate at the point of diversion leads to continuous sediment 
deposition. General headgate designs are presented in Appendix E. 
 
The recommendations identified above will assist District members in lowering their overall 
maintenance costs, and by reducing conveyance losses, increase irrigation efficiency. It is 
assumed that improving the efficiency of the irrigation system will result in more water being 
available to all District members and by reducing O&M cost, additional money could be placed 
in District improvements. The NRCS conducted a study along Gooseberry Creek to assist 
landowners in improving the irrigation system. A draft report of the study findings was published 
and can be found in Appendix F, (NRCS, 1984). This draft report offers several 
recommendations that would increase the overall efficiency of the irrigation system. 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 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. Because the 
conditions at the time the study was completed have probably changed, some of the original 
supporting reasons for the proposed changes may have diminished. This is especially true with 
regard to instream structures. Grade control/drop structures will be required if the existing 
diversion points (headgates) for the Holly-Nichols, Steele, and Quartz ditches are removed.  
 
Additionally, significant volume of sediment is moving through the system. This issue must be 
addressed before considering the use of inverted siphons to transfer water from one diversion to 
another. For the immediate time it is recommended that the Gooseberry Irrigation District only 
consider those options that can be accomplished with pipe drops, such as transferring water 
from the Star Ditch to the Quartz Ditch.  
 
There are other opportunities to reduce conveyance losses within the system. These include 
utilizing pipe or lining ditches with a synthetic liner. Before a pipeline is considered, the irrigator 
must address sediment issues pertinent to the specific point of diversion under consideration to 
avoid siltation problems. The same recommendation remains for utilizing a synthetic liner, as 
constant maintenance with a backhoe has the potential to puncture the liner. Perhaps the best 
option for reducing system losses is to change operational methods. In several instances, water 
was observed being diverted into a given ditch, allowed to travel for distances of a quarter to 
half mile before being entirely diverted back to the Creek via the wasteway. Allowing water to 
remain in the Creek will allow for the channel bed to remain hydrated and reduce overall 
seepage loses.  
 
Lastly, District members may want to consider identifying their most productive acres and 
concentrate on improving the production from these acres. With the assistance of the District, 
members could construct strategically placed small reservoirs with a capacity of 100 to 200 
acre-feet to store water obtained during the winter months or during spring runoff on their 
property. This water could then be used in the later part of the irrigation season to ensure a 
good second cutting of hay.  

4.3.24.3.24.3.24.3.2    ECONOMICSECONOMICSECONOMICSECONOMICS    

The NRCS completed a cost estimate to replace the diversion structures and consolidate 
ditches within their report and estimated cost to be $580,800 dollars in 1984 dollars. That 
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translates into a current project cost of $1.08 million in 2007 dollars. This cost is within the 
budget of the District. 

LA contacted the NRCS about the diversion structures recently installed on Gooseberry Creek 
at the LU Ranch. These structures were constructed of timber and cost significantly less than 
those proposed during the 1984 study. The cost estimate for the wooden structures is 
approximately $20,000 per diversion. Initial cost estimates for the construction/replacement of 
each diversion (diversion dam, headgate, measuring device, and wasteway) in today’s dollars 
equates to approximately $93,000. It may be possible to reduce the cost of the diversions by 
using treated lumber instead of concrete. 

The Wyoming Water Development program provides grant/loan packages for irrigation system 
improvements. This funding may be coupled with NRCS or other types of grant/loan assistance. 
The NRCS has cost sharing programs that may provide additional funds to these projects that 
include an “in kind” match by the owners. This would further reduce the water fee assessment 
required to retire any acquired debt. All funding packages and scenarios would need to be 
investigated to insure that each is compatible with the other in order to provide the best funding 
package for the District. 

4.3.34.3.34.3.34.3.3    CONCLUSIONCONCLUSIONCONCLUSIONCONCLUSION    

This option could provide local storage, improve irrigation efficiency and allow more water to be 
available for beneficial use. Although it does not provide a centrally located, large volume 
reservoir, it could meet several of the District’s objectives, including reduced O&M, increased 
water availability during critical periods of the year, and better crop yields per dollar spent. 
Additional WWDC Level II investigation is recommended to investigate the irrigation system 
improvements recommended by NRCS. 

4.44.44.44.4 Option Option Option Option 4 4 4 4 ----    Bluff Ditch Lift Station Bluff Ditch Lift Station Bluff Ditch Lift Station Bluff Ditch Lift Station –––– Boysen Reservoir Boysen Reservoir Boysen Reservoir Boysen Reservoir    

While conducting this study, the project team contacted the SEO to determine if water was 
available for purchase from Boysen Reservoir that could be pumped up Gooseberry Creek for 
irrigation. The proposed point of diversion/lift station locations is the Bluff Ditch shown in Figure 
4-6. 

4.4.4.4.4444.1.1.1.1    DESCRIPTIONDESCRIPTIONDESCRIPTIONDESCRIPTION    

The Bureau of Reclamation has water available by contract. During normal runoff, similar to that 
of 2005, water is available. However, if runoff conditions are similar to what existed between 
2000 and 2004, the volume of water available to the District would be limited. In terms of cost, 
the Bureau of Reclamation issued contracts for irrigation water in 2004 at $3.10 per acre-foot 
with a $400.00 minimum. If this option is selected, an agreement would also have to be reached 
with the Hanover Irrigation Company to utilize the Bluff Ditch to convey the water to Lower 
Gooseberry Creek and a lift station would be required to pump the water up the creek.  
 
The pump sizes and pipe requirements are dependent on the extent of acreage to be included 
in the project. In 2002, as part of the Wind – Bighorn River Planning Project, LA mapped the 
irrigated lands within the Gooseberry Creek drainage. This mapping serves as the basis for the 
extent of lands that could benefit from water pumped to various locations along Gooseberry 
Creek. It should be noted that there are additional lands that are associated with an adjudicated  
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right, but were not irrigated at the time of the 1999 Landsat imagery. For example, irrigation 
through the Sunnyside diversions appears to serve only 40% of the lands for which an 
adjudicated right is associated. 

For various irrigation scenarios, Table 4-4 provides information concerning estimated pipe 
diameter, length of pipe, and pipe diameter. See Figure 4-5 for the location of each of the 
scenarios for outlet locations.  
 
Table 4-4, Bluff Ditch Options 

 Irrigated Area 
(acres) 

% of District 
Area 

Pipe Length 
(ft) 

Pipe Diameter 
(in) 

Relief 
(ft) 

Option 1 1,180 36.2% 
68,775 

(13 miles) 
24 440 

Option 2 1,590 48.8% 
86,000 

(16 miles) 
24 560 

 
The irrigated area does not consider those lands that currently utilize water pumped from the 
Bluff Ditch. 

4444....4444.2.2.2.2    ECONOMICSECONOMICSECONOMICSECONOMICS    

The feasibility level estimate of probable capital costs is shown in Table 4-5. 
 
Table 4-5, Bluff Ditch Pumping Estimated Probable Cost 

Item Quantity Units Unit Cost Subtotal 
Transmission Line – Option 1 68,775 Feet $91 $6.26 Million 
Transmission Line – Option 2 86,000 Feet $91 $7.83 Million 
Lift Station 1 LS $450,000 $450,000 

TOTAL OPTION 1 $ 6.71 Million 
TOTAL OPTION 2 $8.28 Million 

 
In addition to capital costs, operation and maintenance costs are estimated to be $22,330 per 
month of operation in addition to approximately $24,700 set aside annually to replace pumps on 
a 10 year cycle. Assuming the lift station operates for 4 months annual operational costs would 
be $114,020 requiring an increase in annual water fees to accommodate. These costs do not 
include fees for easements, water purchasing fees or ditch fees. 

4444....4444.3.3.3.3    CONCLUSIONCONCLUSIONCONCLUSIONCONCLUSION    

The option of pumping water purchased from Boysen Reservoir from the Bluff Ditch to a location 
about 12 or 16 miles up Gooseberry Creek is not economically feasible for the District and has 
comparable costs to the reservoir option. Also, not everyone in the District will benefit from the 
project making it more likely that those further up Gooseberry Creek may choose not to 
participate in the annual assessment. This creates a situation where the amount of money 
available for the project is further reduced. However, those members who benefit from the 
project may be able to increase the number of acres each irrigates adding these acres to the 
assessed total. 

4.54.54.54.5 Option Option Option Option 5555    ––––    TransTransTransTrans----basin Diversionsbasin Diversionsbasin Diversionsbasin Diversions    

During the original studies and during initial conversations among the project team the idea of 
transferring water from other drainage basins was discussed. The most promising basin transfer 
was to purchase water from Buffalo Bill Reservoir to the north and transfer that water to the 
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Greybull Drainage Basin and then to Gooseberry Creek providing water to both Greybull and 
Gooseberry Irrigation districts. However, since that time a reservoir has been constructed on 
Roach Gulch to meet the needs of the Greybull drainage basin. In addition, if a 24-inch PVC 
pipeline was constructed from Buffalo Bill Reservoir to Gooseberry the pipe cost alone would 
run approximately $16.9 million well beyond the financial ability of the District. 

4.64.64.64.6 Option Option Option Option 6666    –––– Drilling Alluvial Wells Drilling Alluvial Wells Drilling Alluvial Wells Drilling Alluvial Wells    

Another option for acquiring additional water for the District is the installation of groundwater 
pumping wells within the alluvium of Gooseberry Creek. These would be shallow wells that 
would tap the ground water that is in direct communication with the surface waters of 
Gooseberry Creek. Even with high yield wells this source of water would not likely come close to 
supplying the amount of water needed for the District. In addition, this option could dewater the 
creek and may not be seen as an additional water source by the SEO. The SEO would treat this 
as a junior surface water right permit that would not be in priority during most times nullifying 
this option. 

4.74.74.74.7 Option Option Option Option 7777    –––– Drilling Deep Water Wells Drilling Deep Water Wells Drilling Deep Water Wells Drilling Deep Water Wells    

In order to overcome the issue of dewatering the creek, deep water wells could be drilled within 
Gooseberry to tap deep water-bearing formations—like the Ten Sleep Formation. These wells 
would then provide water directly into a distribution system. However, the drilling of such deep 
wells may cost from $500,000 to $1.25 million each and are anticipated to produce between 200 
to 1,500 gpm.  
 
Therefore, in order to provide 6,000 gpm of water a minimum of six wells would need to be 
drilled at a cost of approximately $6 million. Unfortunately, well drilling is a very imprecise 
science and getting five or six wells that would produce a minimum of 1,000 gpm is very 
unlikely, requiring additional wells. 
 
In addition to the wells, pumps and distribution systems would be required for each well. 
Assuming that the wells could be evenly spaced throughout the District, the likely additional 
costs would be approximately $1.83 million dollars per well and would include a 5 mile 18-inch 
pipe distribution system and small lift station. This would total at least $16.98 million dollars for a 
six well system with no guarantees of 6,000 gpm. 
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5.05.05.05.0 CONCLUSIONSCONCLUSIONSCONCLUSIONSCONCLUSIONS    

Analysis results indicate that on an average year, there is sufficient water in the basin to supply 
the acreage currently being irrigated. The problem is water is not generally available when it is 
most needed, which is the latter part of the irrigation season. Initially, storage appeared to be 
the most viable option of attaining this goal, which corroborated the conclusions from prior 
studies (Rice, 1983 and WWC, 1984). Several other alternatives to improve crop yield were 
examined through this study. Due to economics and/or environmental impact, several of these 
alternatives were eliminated from future consideration. Based on economics, three alternatives 
are recommended for consideration for a Level II study. Each alternative is discussed below and 
are ranked in terms of feasibility rank from highest to lowest. 

1. Perform a thorough inventory of all structures within the district. NRCS 1984 developed 
a list of recommendations in terms of headgate improvements and ditch consolidation. 
They estimated that 11 miles of ditch could be eliminated and, appropriately, reduce 
seepage losses by 20%. Opportunities may also exist to construct several small 
reservoirs, each with a storage capacity in the range of 100 to 200 acre-feet. A reservoir 
with a storage capacity of 100 acre-feet has the capability of supplying late season 
irrigation needs of approximately 100 to 200 acres, depending on conditions. While small 
reservoirs may not be able to meet the entire demand of every District member, it affords 
them the opportunity to significantly improve the yield of member’s best fields. Another 
consideration regarding small reservoir construction over a single large reservoir 
concerns appreciable reduction in the degree of permitting obstacles. 

 
2. The preliminary economic analysis of pumping water from the Grass Creek oil field 

indicated that it was within the of the District’s financial capabilities. The field is operated 
by Marathon Oil Company (Marathon). Because these wells are associated with oil 
production, it is unknown as to how long the field is anticipated to be in operation and 
actively pumping water. As part of a Level II investigation, the following issues need to 
be addressed: 

 
� Contact Marathon to determine if water is still being discharge from the wells 

identified in the SEO database; 

� Can an agreement with Marathon be reached to procure the discharged water 
and pipe it to the Gooseberry Creek basin; 

� Will it be possible to procure rights to the wells once Marathon has terminated 
operation; and, 

� Refine collection and transmission line route, pipe diameter, and operation cost. 

3. Analyses indicated that Buffalo Creek and Gillies Draw showed promise in terms of 
reservoir location. Should financing options improve either by the District willing to incur 
a higher assessment and/or additional funds become available, these two reservoir 
locations should be investigated further. Further consideration should be given to the 
Buffalo Creek basin, should the District accept a smaller reservoir (storage volume of 
2,000 to 3,000 acre-feet) to meet late season demands only; however, as described 
above, constructing a reservoir of this size will still require additional funds to be 
available. 
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Hydrologic Data 
 

 

 
 



Date

(cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft)

1 1.93 3.83 1.81 3.59 4.2 8.33 9.17 18.19 24.3 48.20 64.8 128.53 24.2 48.00 9.41 18.66 4.96 9.84 4.77 9.46 5.11 10.14 3.46 6.86

2 1.88 3.73 1.82 3.61 3.69 7.32 8.53 16.92 26.5 52.56 65.1 129.12 22.7 45.02 9.68 19.20 6.15 12.20 4.71 9.34 5.2 10.31 3.42 6.78

3 1.83 3.63 1.83 3.63 3.62 7.18 9.23 18.31 27.1 53.75 63.4 125.75 21.1 41.85 8.43 16.72 5.27 10.45 4.71 9.34 4.87 9.66 3.42 6.78

4 1.87 3.71 1.86 3.69 3.54 7.02 10.1 20.03 31.1 61.69 62.6 124.17 20 39.67 8.48 16.82 4.82 9.56 4.87 9.66 4.94 9.80 3.4 6.74

5 1.9 3.77 1.88 3.73 3.62 7.18 10 19.83 35.2 69.82 60 119.01 18.4 36.50 7.5 14.88 4.2 8.33 5.01 9.94 5.07 10.06 3.27 6.49

6 1.85 3.67 1.84 3.65 3.99 7.91 10.9 21.62 42.2 83.70 61.8 122.58 16.6 32.93 7.03 13.94 4.2 8.33 5.12 10.16 5.11 10.14 3.01 5.97

7 1.86 3.69 1.9 3.77 3.93 7.80 11.7 23.21 42 83.31 60.7 120.40 16.5 32.73 6.83 13.55 4.64 9.20 5.08 10.08 4.97 9.86 2.89 5.73

8 1.84 3.65 1.93 3.83 3.94 7.81 11.9 23.60 42.4 84.10 60.7 120.40 15.5 30.74 6.07 12.04 6.32 12.54 5.11 10.14 4.99 9.90 2.85 5.65

9 1.8 3.57 1.97 3.91 4.47 8.87 13.6 26.98 40.4 80.13 66.6 132.10 14.5 28.76 5.9 11.70 7.98 15.83 5.15 10.21 4.79 9.50 2.84 5.63

10 1.74 3.45 2.01 3.99 5.2 10.31 12.9 25.59 40.1 79.54 60.7 120.40 14.5 28.76 7.05 13.98 7.21 14.30 5.44 10.79 4.77 9.46 2.67 5.30

11 1.66 3.29 2.07 4.11 4.94 9.80 11.7 23.21 36.2 71.80 57.4 113.85 13.3 26.38 6.41 12.71 7.07 14.02 5.37 10.65 4.64 9.20 2.53 5.02

12 1.62 3.21 2.1 4.17 4.67 9.26 11.1 22.02 35 69.42 55.5 110.08 12.7 25.19 6.59 13.07 6.33 12.56 5.09 10.10 4.62 9.16 2.5 4.96

13 1.58 3.13 2.17 4.30 4.53 8.99 11.8 23.40 37 73.39 57 113.06 133 263.80 6.23 12.36 5.8 11.50 5.24 10.39 4.48 8.89 2.51 4.98

14 1.6 3.17 2.2 4.36 4.55 9.02 14.9 29.55 39.4 78.15 69.5 137.85 14.2 28.17 5.84 11.58 5.71 11.33 5.25 10.41 4.65 9.22 2.49 4.94

15 1.65 3.27 2.2 4.36 4.44 8.81 16.8 33.32 41.9 83.11 82.3 163.24 11.7 23.21 5.11 10.14 5.49 10.89 5.06 10.04 4.61 9.14 2.51 4.98

16 1.72 3.41 2.28 4.52 4.7 9.32 17.9 35.50 45 89.26 78.8 156.30 10.4 20.63 5.04 10.00 5.32 10.55 5.14 10.20 4.42 8.77 2.6 5.16

17 1.84 3.65 2.3 4.56 5.37 10.65 16.7 33.12 46.9 93.02 66 130.91 10.7 21.22 4.76 9.44 5.52 10.95 5.04 10.00 4.2 8.33 2.58 5.12

18 1.92 3.81 2.36 4.68 5.32 10.55 16 31.74 49.8 98.78 54.1 107.31 10.3 20.43 5.25 10.41 8.3 16.46 5.13 10.18 3.88 7.70 2.49 4.94

19 1.96 3.89 2.5 4.96 5.22 10.35 15.8 31.34 53.1 105.32 48.1 95.40 10.8 21.42 5.73 11.37 8.64 17.14 4.98 9.88 3.85 7.64 2.43 4.82

20 1.85 3.67 2.88 5.71 5.64 11.19 19.1 37.88 54.9 108.89 45.4 90.05 11.6 23.01 5.68 11.27 6.57 13.03 5 9.92 4.07 8.07 2.39 4.74

21 1.85 3.67 3.1 6.15 5.94 11.78 20 39.67 55.1 109.29 41.6 82.51 10.4 20.63 5.11 10.14 7.52 14.92 5.08 10.08 4.05 8.03 2.36 4.68

22 1.82 3.61 3.62 7.18 6.39 12.67 17.8 35.31 55.9 110.88 40.7 80.73 10.4 20.63 5.95 11.80 7.2 14.28 5.04 10.00 3.73 7.40 2.37 4.70

23 1.77 3.51 6.76 13.41 7.11 14.10 20.2 40.07 55.6 110.28 40.8 80.93 8.94 17.73 8.52 16.90 6 11.90 5.1 10.12 3.85 7.64 2.32 4.60

24 1.76 3.49 5.83 11.56 6.49 12.87 27.8 55.14 59.5 118.02 37.6 74.58 8.62 17.10 6.93 13.75 5.6 11.11 4.98 9.88 4.03 7.99 2.24 4.44

25 1.74 3.45 5.36 10.63 6.9 13.69 30.3 60.10 61.7 122.38 37.4 74.18 8.39 16.64 4.66 9.24 5.64 11.19 4.84 9.60 3.84 7.62 2.2 4.36

26 1.77 3.51 4.35 8.63 7.75 15.37 28.8 57.12 64.2 127.34 33.6 66.64 8.57 17.00 4.02 7.97 5.3 10.51 4.91 9.74 3.73 7.40 2.12 4.20

27 1.76 3.49 3.86 7.66 8.53 16.92 30 59.50 62 122.98 32 63.47 9.63 19.10 3.78 7.50 5.1 10.12 4.75 9.42 3.67 7.28 2.02 4.01

28 1.8 3.57 4.79 9.50 8.08 16.03 25.3 50.18 60 119.01 29.3 58.12 8.75 17.36 3.7 7.34 5.11 10.14 4.63 9.18 3.62 7.18 1.93 3.83

29 1.81 3.59 14.3 28.36 8.68 17.22 24.3 48.20 60.8 120.60 28.1 55.74 8.63 17.12 3.53 7.00 5.01 9.94 4.76 9.44 3.55 7.04 1.98 3.93

30 1.82 3.61 8.87 17.59 21 41.65 62.7 124.36 27.3 54.15 10.4 20.63 4.33 8.59 4.84 9.60 4.81 9.54 3.54 7.02 2.02 4.01

31 1.83 3.63 8.78 17.41 67.6 134.08 9.97 19.78 4.5 8.93 4.91 9.74 1.98 3.93

Average Total Average Total Average Total Average Total Average Total Average Total Average Total Average Total Average Total Average Total Average Total Average Total 

Discharge Runoff Discharge Runoff Discharge Runoff Discharge Runoff Discharge Runoff Discharge Runoff Discharge Runoff Discharge Runoff Discharge Runoff Discharge Runoff Discharge Runoff Discharge Runoff

1.79 110.34 3.24 186.21 5.58 343.34 16.84 1,002.31 46.95 2,887.14 52.96 3,151.54 16.95 1,042.12 6.07 372.99 5.93 352.70 5.00 307.60 4.36 259.54 2.57 158.28

Unit Unit Unit Unit Unit Unit Unit Unit Unit Unit Unit Unit

Runoff Runoff Runoff Runoff Runoff Runoff Runoff Runoff Runoff Runoff Runoff Runoff

1.161 1.960 3.614 10.551 30.391 33.174 10.970 3.926 3.713 3.238 2.732 1.666

Total 

Runoff

10,174.10

Unit

Runoff

107.096

AugustJanuary February March April

Table 1A

Gooseberry Creek at Dickie

USGS Station 06265800 Mean Daily Stream Flow

September October November DecemberMay June July



Table 2A
Gooseberry Creek Near Grass Creek

USGS Station 06266000 Mean Daily Streamflow

Date January February March April May June July August September October November December
(cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft)

1 2.4 4.76 1.84 3.65 4.27 8.47 10.8 21.42 28.8 57.12 67.2 133.29 26.8 53.16 8.23 16.32 4.15 8.23 5.42 10.75 6.34 12.58 4.58 9.08
2 2.31 4.58 1.86 3.69 4.74 9.40 11 21.82 31.8 63.07 65.1 129.12 25.2 49.98 7.4 14.68 3.7 7.34 5.12 10.16 6.37 12.63 4.52 8.97
3 2.34 4.64 1.74 3.45 5.37 10.65 13.2 26.18 40.1 79.54 62.3 123.57 25.3 50.18 6.37 12.63 4.5 8.93 4.93 9.78 6.18 12.26 4.24 8.41
4 2.33 4.62 1.74 3.45 6.06 12.02 11.9 23.60 38.1 75.57 60.8 120.60 24.4 48.40 7.88 15.63 4.23 8.39 5.63 11.17 6.07 12.04 4.22 8.37
5 2.45 4.86 1.78 3.53 6.81 13.51 11.8 23.40 35.9 71.21 56.1 111.27 22 43.64 6.34 12.58 4.08 8.09 6.34 12.58 6.41 12.71 3.91 7.76
6 2.49 4.94 1.79 3.55 5.86 11.62 11.4 22.61 32.1 63.67 55.4 109.88 17.9 35.50 4.78 9.48 3.94 7.81 5.93 11.76 6.12 12.14 3.72 7.38
7 2.42 4.80 1.74 3.45 5.4 10.71 11.6 23.01 31.8 63.07 52 103.14 15.5 30.74 4.23 8.39 5.26 10.43 5.52 10.95 5.73 11.37 3.73 7.40
8 2.45 4.86 1.75 3.47 5.43 10.77 15 29.75 37.4 74.18 45.6 90.45 14.7 29.16 4.83 9.58 5.01 9.94 5.51 10.93 5.63 11.17 3.64 7.22
9 2.4 4.76 1.82 3.61 4.83 9.58 12 23.80 36.6 72.60 41.3 81.92 13.4 26.58 5.74 11.39 5.31 10.53 5.7 11.31 5.24 10.39 3.57 7.08
10 2.34 4.64 1.92 3.81 4.57 9.06 10.2 20.23 32 63.47 40.5 80.33 11.6 23.01 4.58 9.08 4.19 8.31 5.86 11.62 5.08 10.08 3.53 7.00
11 2.37 4.70 1.95 3.87 4.24 8.41 8.88 17.61 40.5 80.33 42.1 83.50 12.3 24.40 5.02 9.96 4.95 9.82 6.21 12.32 5.1 10.12 3.38 6.70
12 2.29 4.54 1.96 3.89 4.03 7.99 11.3 22.41 58.7 116.43 45.5 90.25 11.8 23.40 4.61 9.14 4.76 9.44 6.38 12.65 4.92 9.76 3.2 6.35
13 2.13 4.22 1.91 3.79 4.51 8.95 13.4 26.58 50.6 100.36 41.3 81.92 13.3 26.38 6.18 12.26 4.33 8.59 5.91 11.72 4.84 9.60 3.1 6.15
14 2.12 4.20 2.03 4.03 5.07 10.06 23.5 46.61 45.7 90.64 35.5 70.41 11.5 22.81 4.88 9.68 4 7.93 5.76 11.42 4.9 9.72 3.1 6.15
15 2.06 4.09 1.97 3.91 6.1 12.10 25.4 50.38 48.3 95.80 35.7 70.81 9.19 18.23 4.77 9.46 4.2 8.33 6.23 12.36 4.75 9.42 3.07 6.09
16 2.03 4.03 2.03 4.03 7.31 14.50 23.1 45.82 41.4 82.12 40.8 80.93 9.73 19.30 4.11 8.15 4.13 8.19 6.49 12.87 4.62 9.16 2.96 5.87
17 2.03 4.03 2.23 4.42 8.45 16.76 23.8 47.21 40.9 81.12 43.3 85.88 12.4 24.60 4.06 8.05 4.6 9.12 6.06 12.02 4.58 9.08 2.87 5.69
18 2.04 4.05 2.38 4.72 7.74 15.35 29.4 58.31 41.5 82.31 51.3 101.75 8.88 17.61 3.82 7.58 4.83 9.58 6.19 12.28 4.67 9.26 2.91 5.77
19 1.97 3.91 2.34 4.64 7.99 15.85 23.8 47.21 38.9 77.16 43.3 85.88 13.9 27.57 3.7 7.34 4.54 9.00 5.81 11.52 4.65 9.22 2.9 5.75
20 1.92 3.81 2.13 4.22 8.58 17.02 28.5 56.53 39.8 78.94 41.5 82.31 11.2 22.21 3.43 6.80 7.73 15.33 5.85 11.60 4.45 8.83 2.88 5.71
21 1.91 3.79 2.13 4.22 8.96 17.77 30.1 59.70 49.5 98.18 49.9 98.98 10.8 21.42 3.19 6.33 6.21 12.32 6.92 13.73 4.53 8.99 2.8 5.55
22 2.03 4.03 2.28 4.52 9.08 18.01 20.8 41.26 54.6 108.30 64.9 128.73 11.1 22.02 3.02 5.99 5.29 10.49 7.05 13.98 4.73 9.38 2.98 5.91
23 2.02 4.01 2.69 5.34 10 19.83 23.8 47.21 56.9 112.86 62.7 124.36 10.2 20.23 3.02 5.99 4.88 9.68 7.02 13.92 5.02 9.96 2.95 5.85
24 2.1 4.17 3.2 6.35 11.4 22.61 27.2 53.95 52.7 104.53 50.1 99.37 9.82 19.48 3.11 6.17 4.49 8.91 6.73 13.35 4.6 9.12 2.82 5.59
25 2.03 4.03 3.81 7.56 9.96 19.76 31.3 62.08 53.5 106.12 53.9 106.91 8.6 17.06 3.41 6.76 4.65 9.22 6.85 13.59 4.64 9.20 2.73 5.41
26 1.93 3.83 4.95 9.82 10 19.83 31.6 62.68 55.4 109.88 51.1 101.36 7.53 14.94 3.68 7.30 4.4 8.73 6.87 13.63 4.58 9.08 2.64 5.24
27 1.75 3.47 4.54 9.00 11.1 22.02 33.6 66.64 52.2 103.54 47.3 93.82 6.15 12.20 4.58 9.08 4.02 7.97 6.78 13.45 4.56 9.04 2.47 4.90
28 1.72 3.41 3.98 7.89 12.1 24.00 32.8 65.06 58.9 116.83 40.7 80.73 6.23 12.36 4.17 8.27 3.96 7.85 6.68 13.25 4.57 9.06 2.38 4.72
29 1.79 3.55 2.87 5.69 12.8 25.39 38.1 75.57 81.6 161.85 34.5 68.43 5.71 11.33 4.06 8.05 4.01 7.95 6.65 13.19 4.38 8.69 2.38 4.72
30 1.78 3.53 12.6 24.99 33.4 66.25 70.4 139.64 30.4 60.30 5.16 10.23 3.55 7.04 4.18 8.29 6.29 12.48 4.79 9.50 2.27 4.50
31 1.83 3.63 11.3 22.41 68.4 135.67 4.62 9.16 7.93 15.73 6.02 11.94 2.13 4.22

Average Total Average Total Average Total Average Total Average Total Average Total Average Total Average Total Average Total Average Total Average Total Average Total 
Discharge Runoff Discharge Runoff Discharge Runoff Discharge Runoff Discharge Runoff Discharge Runoff Discharge Runoff Discharge Runoff Discharge Runoff Discharge Runoff Discharge Runoff Discharge Runoff

2.12 130.47 2.39 137.57 7.63 469.41 21.09 1,254.90 46.61 2,866.12 48.40 2,880.20 12.80 787.28 4.80 294.90 4.62 274.77 6.15 378.27 5.10 303.57 3.18 195.53
Unit Unit Unit Unit Unit Unit Unit Unit Unit Unit Unit Unit

Runoff Runoff Runoff Runoff Runoff Runoff Runoff Runoff Runoff Runoff Runoff Runoff
0.919 0.969 3.306 8.837 20.184 20.283 5.544 2.077 1.935 2.664 2.138 1.377

Total 
Runoff

9,972.99
Unit

Runoff
70.232



April May June July August September

Year AF AF AF AF AF AF

1986 689.65             1,506.35        1,270.41        223.83             96.79               205.69               

1987 1,621.29          1,542.64        1,119.17        498.49             380.52             264.97               

1988 834.84             1,712.03        629.16           120.99             23.59               96.79                 

1989 -                   296.43           411.37           102.84             48.40               66.55                 

1990 496.07             998.18           877.19           205.69             235.93             157.29               

1991 1,034.48          7,138.51        4,252.86        1,040.53          314.58             750.15               

1992 871.14             1,203.87        2,407.74        2,371.44          780.40             423.47               

1993 381.12             4,035.07        8,499.67        1,609.19          719.90             502.12               

1994 1,034.48          1,403.50        399.27           120.99             72.60               84.69                 

1995 477.92             4,621.88        9,600.69        1,621.29          483.97             453.72               

1996 1,542.64          1,427.70        1,778.58        350.88             78.64               229.88               

1997 1,464.00          3,200.23        7,471.24        1,500.30          871.14             574.71               

1998 2,419.83          4,718.68        4,174.21        1,693.88          786.45             423.47               

1999 1,996.36          9,679.34        6,291.57        1,330.91          665.45             665.45               

2000 689.65             1,312.76        562.61           169.39             24.20               108.89               

2001 326.68             254.08           169.39           36.30               -                   78.64                 

2002 423.47             362.98           120.99           241.98             60.50               60.50                 

2003 733.81             1,811.25        2,782.81        237.75             42.35               116.76               

Average 946.53             2,623.64        2,934.39        748.70             315.86             292.43               

Table 3A

State Engineering Office

Gooseberry Gaging Data

L:\WYWDC107-GOOSEBERRY\EXCEL\Gage Data Worksheets



 

 

 

Economic and Financial Information 

 

 

 
 



Average Price 70.00$              per ton
Baling 8.00$               Per 1000 lb Bale

Swathing/Raking 23.00$              Per Acre per Cutting
Land Costs 1,000.00$         Acre

Interest Rate 7%
Mortgage Term 30.00               

Payment 80.59$              Per Acre

Yeild Per Acre Gross Income Land
Tons/acre $ Bales Cost Cuttings Cost Cost -$        5.00$      10.00$    15.00$    20.00$    25.00$    30.00$    40.00$    50.00$    60.00$      

1.5                        105.00$            3.0                 24.00$    2 46.00$            80.59$       (45.59)$   (50.59)$   (55.59)$   (60.59)$   (65.59)$   (70.59)$   (75.59)$   (85.59)$   (95.59)$   (105.59)$   
1.6                        112.00$            4.0                 32.00$    2 46.00$            80.59$       (46.59)$   (51.59)$   (56.59)$   (61.59)$   (66.59)$   (71.59)$   (76.59)$   (86.59)$   (96.59)$   (106.59)$   
1.7                        119.00$            4.0                 32.00$    2 46.00$            80.59$       (39.59)$   (44.59)$   (49.59)$   (54.59)$   (59.59)$   (64.59)$   (69.59)$   (79.59)$   (89.59)$   (99.59)$     
1.8                        126.00$            4.0                 32.00$    2 46.00$            80.59$       (32.59)$   (37.59)$   (42.59)$   (47.59)$   (52.59)$   (57.59)$   (62.59)$   (72.59)$   (82.59)$   (92.59)$     
1.9                        133.00$            4.0                 32.00$    2 46.00$            80.59$       (25.59)$   (30.59)$   (35.59)$   (40.59)$   (45.59)$   (50.59)$   (55.59)$   (65.59)$   (75.59)$   (85.59)$     
2.0                        140.00$            4.0                 32.00$    2 46.00$            80.59$       (18.59)$   (23.59)$   (28.59)$   (33.59)$   (38.59)$   (43.59)$   (48.59)$   (58.59)$   (68.59)$   (78.59)$     
2.1                        147.00$            5.0                 40.00$    2 46.00$            80.59$       (19.59)$   (24.59)$   (29.59)$   (34.59)$   (39.59)$   (44.59)$   (49.59)$   (59.59)$   (69.59)$   (79.59)$     
2.2                        154.00$            5.0                 40.00$    2 46.00$            80.59$       (12.59)$   (17.59)$   (22.59)$   (27.59)$   (32.59)$   (37.59)$   (42.59)$   (52.59)$   (62.59)$   (72.59)$     
2.3                        161.00$            5.0                 40.00$    2 46.00$            80.59$       (5.59)$     (10.59)$   (15.59)$   (20.59)$   (25.59)$   (30.59)$   (35.59)$   (45.59)$   (55.59)$   (65.59)$     
2.4                        168.00$            5.0                 40.00$    2 46.00$            80.59$       1.41$      (3.59)$     (8.59)$     (13.59)$   (18.59)$   (23.59)$   (28.59)$   (38.59)$   (48.59)$   (58.59)$     
2.5                        175.00$            5.0                 40.00$    2 46.00$            80.59$       8.41$      3.41$      (1.59)$     (6.59)$     (11.59)$   (16.59)$   (21.59)$   (31.59)$   (41.59)$   (51.59)$     
2.6                        182.00$            6.0                 48.00$    2 46.00$            80.59$       7.41$      2.41$      (2.59)$     (7.59)$     (12.59)$   (17.59)$   (22.59)$   (32.59)$   (42.59)$   (52.59)$     
2.7                        189.00$            6.0                 48.00$    2 46.00$            80.59$       14.41$    9.41$      4.41$      (0.59)$     (5.59)$     (10.59)$   (15.59)$   (25.59)$   (35.59)$   (45.59)$     
2.8                        196.00$            6.0                 48.00$    2 46.00$            80.59$       21.41$    16.41$    11.41$    6.41$      1.41$      (3.59)$     (8.59)$     (18.59)$   (28.59)$   (38.59)$     
2.9                        203.00$            6.0                 48.00$    2 46.00$            80.59$       28.41$    23.41$    18.41$    13.41$    8.41$      3.41$      (1.59)$     (11.59)$   (21.59)$   (31.59)$     
3.0                        210.00$            6.0                 48.00$    2 46.00$            80.59$       35.41$    30.41$    25.41$    20.41$    15.41$    10.41$    5.41$      (4.59)$     (14.59)$   (24.59)$     
3.1                        217.00$            7.0                 56.00$    2 46.00$            80.59$       34.41$    29.41$    24.41$    19.41$    14.41$    9.41$      4.41$      (5.59)$     (15.59)$   (25.59)$     
3.2                        224.00$            7.0                 56.00$    2 46.00$            80.59$       41.41$    36.41$    31.41$    26.41$    21.41$    16.41$    11.41$    1.41$      (8.59)$     (18.59)$     
3.3                        231.00$            7.0                 56.00$    2 46.00$            80.59$       48.41$    43.41$    38.41$    33.41$    28.41$    23.41$    18.41$    8.41$      (1.59)$     (11.59)$     
3.4                        238.00$            7.0                 56.00$    2 46.00$            80.59$       55.41$    50.41$    45.41$    40.41$    35.41$    30.41$    25.41$    15.41$    5.41$      (4.59)$       
3.5                        245.00$            7.0                 56.00$    3 69.00$            80.59$       39.41$    34.41$    29.41$    24.41$    19.41$    14.41$    9.41$      (0.59)$     (10.59)$   (20.59)$     
3.6                        252.00$            8.0                 64.00$    3 69.00$            80.59$       38.41$    33.41$    28.41$    23.41$    18.41$    13.41$    8.41$      (1.59)$     (11.59)$   (21.59)$     
3.7                        259.00$            8.0                 64.00$    3 69.00$            80.59$       45.41$    40.41$    35.41$    30.41$    25.41$    20.41$    15.41$    5.41$      (4.59)$     (14.59)$     
3.8                        266.00$            8.0                 64.00$    3 69.00$            80.59$       52.41$    47.41$    42.41$    37.41$    32.41$    27.41$    22.41$    12.41$    2.41$      (7.59)$       
3.9                        273.00$            8.0                 64.00$    3 69.00$            80.59$       59.41$    54.41$    49.41$    44.41$    39.41$    34.41$    29.41$    19.41$    9.41$      (0.59)$       
4.0                        280.00$            8.0                 64.00$    3 69.00$            80.59$       66.41$    61.41$    56.41$    51.41$    46.41$    41.41$    36.41$    26.41$    16.41$    6.41$        

Table B1

Net Income per Water FeeCost Per Bale Cost of Cutting

Existing Economic Information
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, 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.  Diversion consists of a rock push-up dam 
and an 18-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, 40 acres (1916), 37.7 acres (1920) 
This ditch was not observed in the field. 
 
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 “canal.”  
A diversion dam has been created by a series of logs that act as a check dam.  When the 
headgate is closed there is a low area along the south canal embankment where water is 
allowed to return to the creek.  The headgate is located at the upstream end of a culvert.  At the 
downstream end of the culvert a significant amount of sedimentation was noticed.  The 
diversion alignment promotes sedimentation of the ditch.  Flow is measured in a Parshall flume 
that is out of level, thus, the accuracy of the structure is questionable. 
 
Pine Tree Extension 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, 185 (1905) 
 Measuring Device: 30-inch Parshall Flume 
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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 head gate is wooden 
and is essentially dysfunctional.  Water is constantly being routed into the ditch and associated 
sediment is being constantly diverted into the ditch.  A significant amount of silt was noted in the 
ditch.  The wasteway, located some 1,000 feet from the headgate is a concrete structure and 
flow is regulated by check-boards.  Water cascading over the check-boards drops 
approximately 6 feet before returning to the creek.  The flume was starting to rust out at the 
upstream end.  Two areas where the ditch had been breached in the past because of high flows 
were noted. 
 
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 and / 116 acres (1919) 
Measuring Device: Staff Gage (dysfunctional) no flume located on the ditch north of the 
County Road 

The ditch is located on the outside of a bend.  The diversion ditch is composed of rock, broken 
concrete, and debris push-up dam.  The headgate is composed of a 36-inch wooden slide.  A 
significant amount of sedimentation was noted in the ditch as well as at the diversion dam itself.  
The creek is essentially extending and it meanders around the outside of the bend causing 
excessive erosion around the headgate area and immediately downstream. 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 ditch is located on the outside of a bend.  The diversion dam is a push-up structure that 
appears to have been partially obliterated during this past season’s high flows.  A significant 
amount of siltation was noted at the point of diversion as well as the ditch proper.  The 
wasteway 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.  
 
Perkins Ditch 

 Priority Date: December 5, 1901 
 Permit Number: P3600D 
 Adjudicated Right for Initial Filing: 4.04 cfs  

Acreage with Water Rights: 283 acres, 161 (1905), and 40 (1918) 
 Measuring Device: 30-inch Parshall Flume 
The 36-inch headgate is located along the outside of a bend.  The headwall is composed of 
timbers and iron.  The diversion dam consists of broken concrete that effectively is acting like a 
drop structure.  A significant amount of channel incision appears to have occurred at this 
diversion point.  Wrecked cars are being used to stabilize channel banks.  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 
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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 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 24-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 and 150 acres (1909) 
 Measuring Device: None observed 
The headgate is located along a relatively straight reach of channel.  H\The headgate wall is 
constructed of concrete with a 24-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 may erode the crossing back limiting accessibility.  No diversion dam 
or flume was noted during the investigation. 
 
Holder Ditch: 
 Priority Date: July 8, 1909 
 Permit Number: P9202D 
 Adjudicated Right for Initial Filing: 2.31 cfs  

Acreage with Water Rights: 162 acres, 120 acres (1910), 13.5 (1915), and 26.5 (1916) 
 Measuring Device: 36-inch Parshall Flume 
The headgate is located along a relatively straight reach of channel.  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-Nichols Ditch: 
 Priority Date: February 26, 1906 
 Permit Number: P7208D 
 Adjudicated Right for Initial Filing: 3.9 cfs  

Acreage with Water Rights: 273 acres, 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 
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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: May 22, 1918 
 Permit Number: P15093D 
 Adjudicated Right: 1.24 cfs  

Acreage with Water Rights: 87 acres) and 415 acres (1906) 
 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. 
 
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. 
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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. 
 
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 dilapadated wooden structure that opens into the ditch.  The 
diversion dam is constructed of broken concrete.  A substantial volume of sediment is being 
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. 
 
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.   
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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. 
 
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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