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EXECUTIVE SUMMARY 

I. INTRODUCTION 

A contract between a group of Wyoming farmers and the U. S. 
Bureau of Reclamation gave birth to the Highland Hanover 
District in 1955 as part of the Pick-Sloan Missouri Basin 
Program. The Irrigation District delivers water to 6,500 
acres about five miles south of Worland Wyoming. This 
water, diverted from the Big Horn River, flows thirteen 
miles through the Upper Hanover Canal to Pump Stations No.1 
and No.2 which discharge 15 and 135 cfs into the main 
canals. Stations No. 3 and No.4 repump a total of 28 cfs 
to distribution canals at higher elevations. 

After more than thirty years some of the equipment, 
particularly the electrical components, is nearing the end 
of its useful life and should be replaced with new 
technology. Further, the presence of algae and silt over 
the years has provided information not available to the 
original project designers. Consequently, recommending a 
cost effective way to control algae and silt now seemed 
timely and was one of the objectives of this study. 
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II. EXISTING CONDITIONS 

Water Distribution System 

Four pump stations and five major laterals distribute about 
150 cfs to 6,500 acres. Pump Stations No. 1 and No.2 
divert water from the Upper Hanover Canal and serve 800 and 
5,700 acres respectively. There are fifteen miles of 
canals including the Main Canal No. 2 extending from Pump 
Station No.2 across U.S. Highway 16 east of Worland. 

The main canal presents difficult cleaning problems, 
particularly where the ditch was cut through ridges. There, 
the banks are so high that the ditch cannot be reached with 
a conventional backhoe. Consequently, much of the normal 
ditch maintenance must be performed by larger dragline 
equipment which usually costs more per lineal foot of ditch 
than if the same work could be performed with a backhoe. 

Since the District owns no earth moving equipment, all canal 
cleaning is performed by outside contractors. Ditch 
maintenance has cost the Highland Hanover Irrigators $34~OOO 
since 1985. 

Where the main canal was originally excavated in sandy 
soils, an asphalt membrane liner was installed. Segments 
of this liner have been inadvertently removed during canal 
cleaning, and it has deteriorated with age. One major seep 
and numerous smaller areas suffer from excessive leakage and 
should be corrected with a new liner. 

Subsurface drainage systems are beneath most of the 
irrigated lands. Some of the collected drainage water 
carries sediment back into the main canal. In addition, 
excess surface irrigation flows also enter the canal 
bringing silt which must subsequently be removed. 

A Constant-head Orifice Structure was originally installed 
on each lateral. These devices were to be adjusted to 
maintain the water level between the double gates at two
tenths of a foot below the water in the main canal. Two 
staff gages were calibrated for each lateral so that a 
chart showed the resulting flow rate. Many of these gates 
have deteriorated and are inoperable. Others are difficult 
to calibrate. Accounting for the water delivered to each 
farmer has become challenging, as the flow into numerous 
laterals is unmeasurable. 

The pump controllers serving the four pump stations have 
reached the end of their useful lives. These electrical 
components are obsolete, difficult to replace, and provide 
unreliable performance. 
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The electrical wiring should also be replaced. Because of 
age and occasional overheating, conductor insulation has 
become brittle and this subjects the wiring to faulting and 
short circuiting. 

All of the liquid tight conduits, and in some instances, 
other conduits and fittings must be replaced. Conduits 
selected to remain, must be cleaned of all foreign material 
prior to installation of new conductors. 

The original incandescent lighting designed to illuminate 
the pumps and control panels is inoperable. Area lighting 
should be restored with new high pressure sodium luminaries, 
equipped with photocell control. 

Pumping Plants 

Pump Station No. 1 

A pair of 150 horsepower turbine pumps lift 15 cfs 80 
vertical feet from a 1,700 lineal foot inlet canal into Main 
Canal No.1. The Upper Hanover Canal delivers water and 
substantial moss which is extracted by a small moss catching 
machine upstream of the pumps. 

This pump station is more isolated than the others, causing 
the ditch rider to spend extra time restarting idle pumps 
after lightning, power surges, or malfunctions. The 
electrical components are obsolete and difficult to repair. 

The erosion control ditches around the perimeter of the pump 
station excavation have filled with silt, allowing surface 
runoff to carry soil directly into the inlet canal. 

Additional silt laden river water flows into the inlet 
canal, requiring periodic removal. Sediment removed over 
the years has filled the benches along the canal reserved 
for soil storage. The resulting excessive depth of this 
inlet requires a large backhoe for cleaning. 

Pump Station No. 2 

Two pairs of pumps inside a metal building, a moss 
extracting machine, and two additional pumps installed in 
1965 are located at this pump station. Two 600 horsepower 
pumps each lift 48 cfs 100 vertical feet into the Main Canal 
No.2. These are axial flow centrifugal pumps equipped with 
an air compressor for priming. The two turbine pumps in the 
enclosure deliver about 15 cfs to the Coutis Ditch. 
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Two newer pumps, 150 and 300 horsepower each, are located on 
the east bank of the inlet canal immediately downstream from 
the alae removal machine. These units pump 9 and 16 cfs 
respectively into the Main Canal No.2. The concrete slab 
supporting both pumps has settled 2.75 inches at the 
northeast corner and rotated away from the canal 1.5 inches. 
The Bureau of Reclamation construction drawings show the 
bottom of this intake structure to be resting on a layer of 
shale which may have become saturated causing a decrease in 
its load bearing capacity. On July 6, 1988, it was observed 
that the settlement had broken a corner of the base plate 
under the north pump. 

Between 2 and 10 cubic yards of moss is extracted daily from 
this inlet canal. A portion of the moss flows through the 
removal machine without being lifted out of the water and 
accumulates on the trash rack in front of the pumps. 
Several bars have been removed from this trash rack and 
these holes allow material to pass through, into the pumps 
reducing their efficiency and clogging irrigation facilities 
upstream. 

Some of the silt contributed by the Upper Hanover Canal 
settles in the inlet ditch, and the remainder is discharged 
through the pumps. Regardless of its final destination, 
handling silt is costly. The soil that settles in the deep 
inlet canal is expensive to remove. Sediment remaining in 
suspension flows through the pumps, abrading the impellers, 
requiring them to be reconstructed every two to five years. 
The silt pumped into the Highland Hanover Main Canal No.2 
must also be cleaned out eventually. 

The Coutis Ditch also receives substantial silt from surface 
runoff and returning irrigation water, and consequently must 
be frequently cleaned at considerable expense. Further, the 
silt received from the Upper Hanover Canal causes excessive 
maintenance cost for these pumps which were recently rebuilt 
with stainless steel impellers and epoxy coated bowls in 
order to lengthen the life of the reconstruction. 

Pump Station No. 3 

Two 100 horsepower turbine pumps each discharge 7.0 cfs into 
a surge pond about 67 feet above the inlet canal. The 
Highland Hanover Main Canal No. 2 delivers water to this 
pump station 2.3 miles downstream from Pump Station No.2. 
Through this segment, the profile grade fluctuates from 
grades that are too steep, causing high velocities which 
erode the ditch banks, to intervening flat sections which 
trap sediment and produce seaweed. 
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Consequently, this inlet canal receives a troublesome volume 
of silt contributed by Pump Station No. 2 and additional 
soil eroded upstream in the main canal. 

Like all of the other pumps, the electrical components are 
difficult to repair because the components are no longer 
commonly stocked by suppliers. 

Pump Station No.4 

Two one hundred horsepower turbine pumps receive a total of 
14 cfs from an inlet pipe and deliver water to a surge pond 
serving five pivot sprinklers. An overflow pipe returns 
excess water back to the pump inlet. High water velocity in 
the inlet pipe apparently prevents sedimentation. 

Both pumps were rebuilt in 1987 with stainless steel 
impellers and new bearings and wear rings. The built up 
impellers are expected to last five years, longer if the 
silt level is reduced as part of this project. 
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III. RECOMMENDED REHABILITATION PROGRAM 

A. Irrigation System Improvements 

The new electrical system for all the pumps includes 
new solid state motor controllers, capacitors, and 
wiring. Nearly all the pump motors will be 
disassembled, cleaned, bearings replaced and windings 
reinsulated and balanced. 

Because of frequent pump shut downs due to power 
surges, lightning, and other malfunctions, automatic 
pump restarting devices will significantly reduce 
future labor costs. The restart controls would be 
locked out after two unsuccessful automatic starts and 
result in an alarm transmitted to the ditch rider via a 
portable receiver. 

A new monitoring and telemetry system would track the 
important pump functions such as on, off, suction water 
level, and discharge flow pressure and transmit the 
data upon request. 

The existing algae removal machines at Pump Stations 
No.1 and 2 will receive new electrical controls and 
adjustments to the mechanical components. Pump S~ation 

No. 2 would also receive a new bar screen to increase 
the proportion of algae removed to nearly 100%. 

Most of the coarse soil particles which are most 
abrasive to pump impellers and add considerably to the 
silt load in both Main Canals, will be removed by 
sediment traps constructed at the upper ends of the 
four pump inlet canals. 

Erosion control will be improved at each pump station. 

New pipes will be installed in the inlet canals at Pump 
Stations No.1 and 3. 

Seepage from the Main Canal No.2 will be significantly 
reduced by 1000 lineal feet of membrane liner. 

Twenty inoperable diversion gates will be renovated and 
lateral ditches will be piped where appropriate. 

Reconstruction of 2100 LF of the Main Canal No.2 is 
recommended to reduce future maintenance costs. 

Miscellaneous improvements are safety chains on the 
inlets of three inverted syphons, a new backhoe, and 
reconstruction of two culvert headwalls. 
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B. Economic Analysis 

Historical expenditures incurred by the Irrigation 
District were segregated into Fixed Costs, those which 
cannot be reduced by upgrading the facilities, and 
Variable Costs. Fixed Costs include the Bureau of 
Reclamation annual loan payment and energy costs since 
both are established by long term agreements. Smaller 
Fixed Costs such as legal and accounting fees, taxes, 
and insurance are also relatively stable. (Table 1) 

Variable Costs such as ditch and pump maintenance can 
be reduced by upgrading the equipment and performing 
other improvements. These expenditures jumped from 
$20,000 in 1985 to $58,000 in 1987. 

While the Highland Hanover irrigators have been able to 
contain their Fixed Costs, the Variable Costs for 
maintaining the old facilities show signs of getting 
out of control. In only three years the cost of 
operating the District rose from $16.27 per irrigated 
acre to $21.00 in 1987, an increase of 30% per year. 

The costs of implementing the proposed rehabilitation 
program were estimated for those features promising a 
favorable rate of return on the initial investment. 
Suggested improvements at the four pump stations will 
cost the District $220,500 and save $17,630 per year 
for a rate of return of 8%. (Table 2) 

Seepage correction, renovation of the distribution 
laterals, and reshaping the Main Canal will cost an 
estimated $56,100 and produce $5,850 in annual savings, 
a 10.4% rate of return. 

Purchasing a backhoe saves about $6,000 for a 10% 
annual return. 

The other three miscellaneous improvements cost $6,250 
and yield an annual rate of return of about 14%. 

Implementing the entire Rehabilitation Program is 
recommended. The rate of return on the initial 
investment exceeds a break even level for the Highland 
Hanover Irrigation District and thus produces an 
immediate reduction in annual cash expenditures for the 
irrigators. 

7 



TABLE 1 

Historic Annual Expenditures 

Budget Items Amount 

No. Name 1985 1986 1987 Rounded 
(S) ($) ($) Average 

1. Fixed Costs 
Bureau of Reclamation 

Note Payment 32 .. 921.07 42 .. 524,68 38 .. 396.96 
Energy 17.581.13 13,873.77 12 .. 018.97 

TOTAL 50,502.20 56,398.45 50,415.95 52,400 

2. Labor 
- Wages 12 .. 473.49 14,231.02 12,251.38 
- Pickup 10 .. 100.00 8,857.20 7,282.21 i 
- Workers Compensation 251. 87

1 
223.28 214.08 I 

- Social Security 2 .. 315.18 1,938.50 2,367.85 I 
I 

- Federal Withholding 608.00 1,792.00 I 

1 .. 707.02 1 I 
- Wyoming Retirement 881.87 

I TOTAL 26,347.56 26,759.87 23,907.52 26,000 , 

3 • Miscellaneous I I - Commissioner Expense 66.32 725.59 690.22 ! 

- Legal and Audit 173.25 120.00 1,345.29 
- Water and Taxes 421.42 210.00 
- Insurance 657.00 1,054.00 787.00 
- Pacific Power 207 .63 117.26 
- Water Carriage 8,555.74 1.324.34 637.17 
- Expense Shared To Nowater 88.72 2,619.49 5,362.95 
- Treasurer's Wages 786.36 
- Miscellaneous Expense 1 .. 497.67 891.24 670.71 

TOTAL 12,454.61 7,061.92 9,493.34 9,600 

Total Fixed Costs 89,804.37 90,220.24 83,816.79 88,000 

Variable Costs 

4. Pump Repairs 4,764.86 4,369.93 32,217.35 13,800 

5. Machines Hired 5.602.57 16,719.00 13,500.50 11,900 

6. Miscellaneous 
- Telephone (alarm & radio) 606.50 1 .. 673.21 1 .. 360.94 1,200 
- Algae Machines 770.34 2.245.52 770.61 1,260 
- Ditch Supplies (herbicide) 4.191.54 4 .. 825.36 4.725.10 4 .. 580 

TOTAL 5.568.38 8.744.09 6,356.65 7,200 
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Budget 

No. 

TABLE 1 
(Cont'd.) 

Historic Annual Expenditures 

Items Amount 

Name 1985 1986 
($) ($) 

Total Variable Costs 15,935.81 29.833.02 

ANNUAL TOTAL 105.740.18 120,053.26 

Cost per irrigated acre 
6,500 acres 16.27 18.47 

I 
i 
I 
i 
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Item 
No. Description 

1 • Pump Station lio. 1 

New Electrical System 
Automatic Restart 

I 
Monitoring and 

Telemetry System 
Moss Reduction 
Silt Reduction 
Pump Station-Erosion 
Control 

New Pipe in the 
Inlet Canal 

TOTALS 

2. Pump Station lio. 2 

New Electrical System 
Automatic Restart 
Monitoring and 

Telemetry System 
Moss Reduction 
Silt Reduction 
Pump Station Erosion 

Control 
Pump Platform 
Stabilization 

TOTALS 

3. Pump Station No. 3 

New Electrical System 
Automatic Restart 
Monitoring & Telemetry 

System 
Silt Reduction 
Pump Station Erosion 
Control 

New Pipe in the Inlet 
Canal 

TOTALS 

TABLE 2 
Rates of Return 

Recommended Improvements 

Annual Future Savings 
Irrigation 
Dist. Cost Applicable 
Share at 50%1 $ Budget Items 

$ 9,500 600 Pump Repairs 
750 100 New Revenue 

I 

I :"!,500 1:!0 Telephone. ~ew Revenue 

I 1.000 110 Moss Machine & Labor 
6.400 

I 
320 Pump Repairs 

1,250 I 50 Machines Hired 

30~000 I 900 Machines Hired 
$ 51,400 $2,200 

72 .. 850 5,300 Pump Repairs 
2.100 960 New Revenue 

8 .. 175 1,050 Telephone, New Revenue 
5,500 1,150 Moss Machine & Labor 

21,200 2,880 Pump Repairs 

3,300 350 Machines Hired 

3 .. 750 1,000 Future Costs Avoided 
$116,875 12,690 

8,500 550 Pump Repairs 
550 100 New Revenue 

2,500 120 Telephone, New Revenue 
6,400 300 Pump Repairs 

1 .. 250 50 Machines Hired 

15,000 500 Machines Hired 
$ 34,200 1,620 

10 

Annual 
Rate of 
Return % 

6.3 
1.3 

I 4.8 i 

I I 

I 1 . 1 j 

5.0 I 
4.0 

I 3.0 

I 
7.3 

45.7 

12.8 
20.9 
13.6 

10.6 

26.7 

6.5 
1.8 

4.8 
5.0 

4.0 

3.3 



Item 
No. Description 

4. Pump Station No. 4 
New Electrical System 
Automatic Restart 
Monitoring and 

Telemetry System 
Silt Reduction 
Pump Station Erosion 
Control 

TOTALS 

5. Seepage Correction 

6. Lateral Renovation 

7. Main Canal Reshaping 

8. Misc. Improvements 
a. Safety Chains 

b. Backhoe 

c. Culvert Headwall 
Reconstruction 

d. Check dam 

TOTALS 

TABLE 2 
(Cont'd.) 

Rates of Return 
Recommended Improvements 

Annual Future Savings 
Irrigation 
Dist. Cost Applicable 
Share at 50% $ Budget Items 

$ 9,500 550 Pump Repairs 
550 100 New Revenue 

2,500 120 Telephone, New Revenue 
6,400 300 Pump Repairs 

1 .. 250 50 Machines Hired 
$ 20,200 $1,120 

7,500 250 Future Costs Avoided 

26,500 300 New Revenue 

22,100 5,300 Ditch Supplies and 
Machine Hired 

750 250 Future Costs Avoided 

60,000 6,000 Machines Hired 

1,500 400 Future Costs Avoided 

4,000 240 New Revenue 

$345,025 30,310 AVERAGE RATE or RETUB.N 
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FIGURE 7 
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