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This Rehabilitation Feasibility Report describes the Highland 
Hanover Irrigation District facilities and recommends an 
improvement program. This report discusses the results of several 
site visits, lengthy discussions with District Board Members, and 
an economic evaluation of numerous improvements. The information 
presented here is also summarized in a separate Executive Summary. 

Our primary objective was discovering a cost effective combination 
of electrical components, canal improvements, and pump renovation 
measures which eliminated the existing equipment obsolescence and 
enhanced performance reliability. But at the same time the 
Irrigation District needed to invest in the future, its member 
irrigators could not afford higher annual expenditures. 

Fortunately the proposed improvements offer annual savings that, 
combined with the financial assistance anticipated from the 
Wyoming Water Development Commission and the u.s. Army Corps of 
Engineers, are sufficient to avoid increasing the District's 
annual expenditures and still add about forty years to the life of 
the pumping and conveyance systems. 

We thank the Water Development Commission and its staff for the 
opportunity to participate in this worthwhile project. We also 
appreciate the District Board Members generously offering their 
guidance and understanding during their busy season. 

Please contact us at your convenience should questions arise or if 
Centennial Engineering can serve the Commission or our State any 
further. 

Respectfully Submitted, 

~ 
Thomas L. Barker, P.E. 
Principal Engineer 
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I. INTRODUCTION 

A. Project Purpose and Location 

The 1988 Wyoming Legislature authorized the Highland 
Hanover Rehabilitation Project, a Level II Feasibility 
study and Conceptual Design Investigation. The purpose 
of this report is to evaluate the cost effectiveness of 
rehabilitation measures including canal reshaping and 
lining, check dam installation, and equipment 
upgrading. Conceptual designs and cost estimates will 
be prepared for those repairs and system improvements 
that promise to reduce future expenses and improve 
operational efficiency. 

The irrigation district, serving about 6,500 acres, is 
located southeast of Worland, Wyoming. Boysen 
Reservoir, the primary water source, releases water to 
the Big Horn River which is diverted into the Upper 
Hanover ditch. Highland Hanover Pump stations No. 1 
and 2 divert water from that canal about thirteen miles 
from its diversion point. 

B. History of the Highland Hanover Irrigation District 

A contract with the United states Bureau of Reclamation 
for water service and for the construction of a 
distribution system gave birth to the Highland Hanover 
Irrigation District on April 8, 1955. It was included 
in the Hanover Bluff Unit which was part of the 
Missouri Basin Project, a primary moving force behind 
the development of many irrigation projects in several 
western states. Up to $2.13 million was set aside for 
construction of four (4) pumping plants, transmission 
lines and substations, and the district canals and 
laterals for distributing water to the irrigable 
acreages within the district. After a ten (10) year 
development period the District irrigators began paying 
forty equal annual installments as their share of 
compensation to the federal government. 

According to an examination report prepared by the 
Bureau of Reclamation on April 8, 1987, five pumping 
plants with twelve pump units, fifteen miles of pump 
canals and twelve miles of laterals. 

After thirty years some of the equipment, particularly 
the electrical components, is nearing the end of its 

useful life and should be replaced with new equipment 
reflecting current technology. 

1 
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c. Scope of the Investigation 

This scope of work was to prepare a Level II 
Feasibility study and Conceptual Design of the needed 
repairs and improvements that would allow more 
efficient operation of the District's facilities. On 
June 24, 1988 a contract was signed between the Wyoming 
Water Development Commission and Centennial Engineering 
to complete the required investigation. Demchok 
Electric Company of Sheridan, Wyoming prepared the 
conceptual design of the proposed electrical system 
improvements. 

Several areas of improvement cited by the district 
board members in approximate order of importance are: 

Canal reshaping, to facilitate future cleaning, 
and lining where seepage is excessive. 

Replacement of worn out and obsolete electrical 
equipment. 

Correction of the silt removal problems on the 
inlet canals for the pump stations. 

Estimate the cost of at least one new check dam in 
Main Canal No.2. 

Recommendations for remote control and improved 
monitoring of pump performance. 

Suggestions for more economical algae handling 
techniques. 

Conceptual design of repairs to two (2) failed 
concrete walls at a culvert in the Main Canal No. 
2 beneath a road crossing. 

Conceptual design of new pipes replacing 
deteriorated laterals with the potential of 
providing gravity pressure to new sprinkler 
systems. 

2 





II. EXISTING CONDITIONS 

A. upstream Conveyance System 

The diversion structure and about thirteen (13) miles 
of the Upper Hanover Canal were enlarged in 
the middle 50's to accommodate an additional 150 cfs to 
serve the Highland Hanover District. 

Hundreds of tons of algae and pond weed, locally 
referred to as moss and seaweed annually accompany the 
diverted flows into the canal. This green stringy 
material plugs syphon tubes and accumulates at check 
dams and diversion gates. When the Highland Hanover 
pumps began operating, the algae problem became so 
severe that irrigators asked a local fabricator to 
conceive and install equipment to prevent algae from 
entering the canal. The resulting machine, was 
installed in about 1962. It never performed 
successfully, but still remains at the Upper Hanover 
Canal headgate. It is comprised of a series of six 
gigantic rotating wiper blades intended to deflect the 
algae down river past the throat of the diversion 
facility. Apparently because a high proportion of the 
Big Horn River is diverted with considerable velocity, 
the deflector blades could not separate the seaweed 
from the irrigation water. algae still plagues the 
Upper Hanover and Highland Hanover Irrigation Districts 
although a variety of smaller algae extracting 
apparatuses keep the problem under control at a 
significant cost. 

Its one-third share of maintaining the upper thirteen 
(13) miles of the Upper Hanover Canal, and the 
diversion structure, has cost the Highland Hanover 
Irrigation District about $5,833 in water carriage fees 
during the past three years. 

B. Description of Irrigation System 

1. Water Distribution and Drainage System 

Four pump stations and five major laterals 
distribute about 150 csf 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 pump 
canals including the Main Canal No. 2 extending 
from Pump Station No. 2 across U.S. Highway 16 
East of Worland. 

3 



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 drag line 
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 $34,000 since 1985. 

Where the main canal was originally excavated in 
sandy soils, an asphalt membrane liner was 
installed. In these segments, the canal was 
enlarged, the membrane placed against the exposed 
soil, and covered with granular material. This 
overlying gravel served two purposes. It 
protected the membrane from erosion, and it was 
intended to prevent membrane removal during canal 
cleaning. Nevertheless, small segments of this 
liner have inadvertently been removed 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. 

A subsurface drain system is beneath most of the 
District lands. Some of the collected water flows 
back into the main canal. In addition, excess 
surface flows also enter the canal bringing silt 
which must subsequently be removed. 

A Constant-head Orifice Structure was originally 
installed on each lateral. The slide gates were 
to be adjusted to maintain the water level between 
them 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 ln numerous laterals have become 
unmeasurable. 

2. Electrical System 

The pump controllers 
stations have reached 
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lives. These electrical components are obsolete, 
difficult to replace, and provide unreliable 
performance. 

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 the liquid tight conduits, and most 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. 

3. Pumping Plants 

a. Pump station No. 1 

A pair of 150 horsepower centrifugal 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 algae which is extracted by a 
small algae 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 
the inlet 
Sediment 
placed on 
resulting 
requires a 

silt laden river water flows into 
canal, requiring periodic removal. 

removed over the years has been 
the benches along the canal. The 
excessive depth of this inlet 
large backhoe for cleaning. 
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The existing electrical equipment includes 
the following: 

2 - Fairbanks Morse Motors; 150 R.P.; Frame 
RS 595S: 440 Volts 3-phase; Code Ei 1170 
R.P.M.; 179 Amps 

Pumps are Centrifugal 

Motor controllers: (Full Voltage) 
Allen Bradley 709FOBAi Type "0"; 
Size 5; 200 R.P. Rating 
Westinghouse Breaker 300 Amp #LIT 
3400F 

Electrical demand on 7/16/88 was 
221 KW. 

A shelter has been built over the starter 
panel with the probable intent of reducing 
over heating of the cabinet. The sun may 
have previously caused motors to trip out. 

b. Pump Station No. 2 

Two pairs of pumps inside a metal building, 
an algae 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 a total of about 15 cfs to the Coutis 
Ditch. 

Two newer pumps, 150 and 300 HP each, are 
located on the east bank of the inlet canal 
immediately downstream from the algae 
collector machine. These units pump 9 and 16 
cfs respectively. The concrete slab 
supporting both pumps has settled 2 3/4 
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, the 
settlement had broken a corner of the base 
plate under the north pump. 

6 
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The erosion control ditches and drop pipes 
along the perimeter of the pump station 
excavation have filled with sediment and are 
no longer functional. 

Between 2 and 10 cubic yards of algae is 
extracted daily from this inlet canal. A 
portion of it passes through the 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 flow straightening grate upstream of the 
axial flow pumps and these holes allow 
material to pass through, into the pumps 
reducing their efficiency and clogging 
irrigation facilities upstream. 

Much 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. Coarse particles 
settle in the inlet canal and must be removed 
periodically. Sediment remaining in 
suspension flows through the pumps, abrading 
the impellers, requiring them to be 
reconstructed every two to five years. 
Naturally, the silt pumped into the Highland 
Hanover Main Canal No. 2 must also be 
cleaned out eventually. 

The Coutis Ditch 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. 

The existing electrical equipment consists 
of: 

2 - 600 HP Motors, Synchrouyus; SN 15134211; 
112.5 Amps; 600 R.P.M.; 2300 Volts 

Pumps are Centrifugal. 

1 - 150 H.P. Motor; Reliance; Frame 5005S; 
Type P; 1185 R.P.M. 2300 volts; 34.3 
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Amps; Design "B" 

Turbine Pump 

1 - 300 H.P. Motor; Reliance; Frame 5005S; 
Type P; 1185 R.P.M. 2300 volts; 68.6 
Amps; Design "B" 

2 

Controller G.E. 301XX6CS Weather Proof 

Turbine Pump 

- 60 
1200 
Frame 

H.P.; 480 Volts; G.E. 515444XC13A; 
R.P.M.; 220/440 Volts; Type "K" 

Turbine Pumps 

c. 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 
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. 

Consequently, this inlet canal receives a 
troublesome volume of silt contributed by 
Pump Station No. 2 and additional soil eroded 
upstream from 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. 

The erosion control ditches around the 
perimeter of this pump station excavation are 
only partially functional and should be 
renovated. 

Because of its high banks, this inlet canal 
is expensive to clean. 

The three inverted syphons on the main canal 
near this pump station need safety cables on 
the inlet ends. While these pipes are in a 
rural area and no one is expected in the 

8 
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vicinity, there 
person could be 
and drowned. 

is a possibility that a 
pulled through the syphons 

The electrical equipment at this pump station 
includes: 

2 - 100 H.P. Motors; Full Voltage starters; 
Motor G.E. 5K505XL28A; 125 Amps; Code F; 
1180 R.P.M. starter Sq.D.; 8502; FO-2 

Turbine Pumps 

Shelter Built over Panel; starter Sq.D.; 
8502; FO-2 
Pump No. 2 suffers from vibration 

d. Pump Station No. 4 

One hundred horsepower turbine pumps receive 
14 cfs from an inlet pipe and discharge into 
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. 

This electrical equipment consists of: 

2 - G.E. Motors 100 HP; GE SK70XC51A; Design 
Class R; Type K; Heaters 0.61 Amps; Code 
F; Frame 50SP; 440 Volts; 3-phase; 125 
Amps; 1180 R.P.M. 

Reduce Voltage Starter Auto Transformer 
Type; Sq. 0 8606 490V; 3-phase; 
capacitors 15 KVAR (with PCB) 

Slight vibration on Pump No. 2 

Turbine Pumps 
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III. INVESTIGATIONS 

A. Site Inspections 

The initial site inspection on July 6, 1988 was 
conducted in conjunction with the Scoping Meeting. 
Accompanied by Wyoming Water Development Commission 
officials, most of the main Highland Hanover Canals and 
the four pump stations were visited. 

At the pump stations, measurements 
selected physical facilities, and 
systems were inventoried. 

were made of 
the electrical 

Field survey requirements were reviewed during a brief 
site visit on August 28, 1988. algae samples were also 
collected for laboratory experiments. 

During a third site visit on September 26, 1988, Draft 
Report contents were reviewed by District Board Members 
and verified in the field. 

B. Review of Project Drawings 

The project construction drawings were reviewed in the 
Bureau of Reclamation Billings Office on July 18, 1988. 

c. Field Survey 

Eight aerial targets were set, two at each pump station 
in August in preparation for aerial photography of the 
district. The irrigation district was photographed at 
1" = 500', and one photograph at 1" = 100' was made of 
each pump station and inlet canal. 

D. Sediment and Algae Analysis 

The inlet canal at Pump station No. 1 receives water 
accompanied by algae from the Upper Hanover Canal. The 
possibility of diverting water while leaving much of 
the algae in the Upper Hanover Canal was investigated 
using a laboratory apparatus. The simulated diversions 
showed that properly placed deflector plates could 
reduce by half the volume of algae received by Pump 
Station No.1. 

10 





IV. RECOMMENDED REHABILITATION PROGRAM 

A. Irrigation District Improvements 

The recommended rehabilitation program contains 
features which will reduce future operating and 
maintenance expenditures. This section describes those 
features thought to be desireable by the District board 
and the consultant. The following section evaluates 
their financial feasibility. The desirability of each 
improvement is then partially determined by its 
potential for reducing future 0 & M costs. 

Usually, variable speed controllers for electric motors 
can provide substantial savings in electric power costs 
because of the lower power consumption during starting. 
Most electric utilities charge a fixed rate based on 
the peak kilowattage consumed by electrical equipment. 
The Bureau of Reclamation however, charges only for the 
electricity consumed at a rate of 2.5 mils per kilowatt 
hour. This rate structure includes no additional 
charge for the peak rate of power consumption. 
Therefore, variable speed controllers reducing high 
electrical demand during starting, offer no savings and 
consequently, this concept received no further 
consideration. 

The recommended rehabilitation 
project elements are: 

program for eight 

1. Pump Station No.1 

New Electrical System 

The new electrical system would include a new 
fusing system and solid state motor 
controllers providing smooth starting from 
zero to full speed at a constant motor 
torque. This system eliminates voltage 
spikes thus reducing mechanical shocks to the 
pump motor and electrical system. All of the 
liquid type capacitors and about half of the 
conduits and fittings would be newly 
installed. There would be new overhead 
conduits between the electrical panel and the 
pump motor. 

The new solid state soft 
will be installed in the 
Other sections of the 
unchanged but will be 
connections checked. Power 
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capacitors will replace the existing p.e.B. 
filled capacitors. The pump motors will be 
disassembled, cleaned, bearings replaced and 
windings reinsulated and balanced. 

One new high pressure sodium luminaire would 
be installed on the existing light pole with 
new wiring and photocell control. 

Automatic restart 

New voltage and amperage sensors would allow 
automatic shutdown in case of lightning, 
power surges or malfunctions, followed by an 
automatic pump restart after a preselected 
period of delay. After restart, were the 
water discharge pressure not to achieve the 
normal operating range after two starts, the 
pump would automatically stop and activate an 
alarm. A check valve with surge protection 
must be installed in each discharge pipe as 
well as a foot valve at the bottom of the 
suction lines to enable the pumps to remain 
primed during the restart procedure. 

The restart controls would be locked out 
after two unsuccessful starts and result in 
an alarm transmitted to a portable receiver. 

Monitoring and Telemetry System 

Pumping functions such as on, off, suction 
water level, and discharge flow pressure 
would be monitored and communicated to the 
ditch rider by a portable receiver unit upon 
request. 

Algae Reduction 

A series of inclined blades installed at the 
entrance of the inlet canal could 
substantially reduce the quantity of diverted 
moss. Laboratory experiments performed as 
part of this feasibility investigation, 
created a 50% reduction in algae 
concentrations. It is our opinion that such 
a device, with no moving parts, would 
physically separate 50% or more of the 
present algae volume from the diverted water. 
However, due to understandings between the 
Upper and Highland Hanover Irrigation 
Districts, algae avoidance is not a feasible 

12 



alternative. Instead, 
extraction machine 
electrical controls and 
improvements. 

Silt Reduction 

the existing algae 
will receive new 
other miscellaneous 

Sedimentation presently occurs in the inlet 
canal and because the ditch is so wide and 
machine access so high above the water, the 
material is difficult to remove. A 
sedimentation chamber constructed near the 
upper end of the inlet canal, providing ten 
minutes of detention time, would trap most of 
the incoming soil material. The proposed 
sedimentation area is 20 feet wide, 60 feet 
long and 9 feet deep, allowing a small 
backhoe with extendable reach convenient 
access for cleaning. 

Pump Station Erosion Control 

Renovation of the original benches will 
reduce erosion of the steep slopes 
surrounding the pump station excavation, and 
consequently eliminate much of the 
sedimentation being deposited on the 
electrical substation slab and in the inlet 
canal. 

A new perimeter sheep tight fence will 
prevent future livestock damage to the algae 
machine. 

New Inlet Canal Pipe 

If the coarse soil particles are removed 
upstream of a new pipe, it should remain 
clear of sediment. The pipe should be sized 
small enough that whatever silt escapes the 
sedimentation area, will be carried by 
turbulence through to the pumps. The pipe 
would eliminate the propagation of seaweed 
which presently occurs in the inlet canal. 

2. Pump Station No. 2 

New Electrical System 

All six pump motors will be disassembled, 
cleaned, bearings replaced, and the windings 
reinsulated, balanced and reinstalled. 
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The 600 HP motors would be equipped with a 
new starting device for the 2,300 volt 
motors. New wiring would be pulled through 
the existing conduit between the new pump 
panel and the pumps, air compressor, and the 
valve motors. Because of the high cost of 
large diameter check valves, none are 
proposed for these discharge pipes. After 
shut down, water would continue to flow 
backwards as the motorized valve closes. 

The new controllers will be installed in 
existing cabinets and the main disconnect 
portion of the cabinet will be cleaned and 
all connectors checked. New wiring is to be 
installed in existing conduits. 

The 150 and 300 HP motors drawing 2,300 volts 
would be equipped with new wiring and 
conduits. The present controllers will be 
checked and connections tightened in existing 
cabinets and the disconnect portion of the 
cabinet will be cleaned. All new conductors 
will be installed in new overhead conduits 
between the panel and the pumps. 

The two 60 HP pumps discharging into the 
Coutis Ditch are powered by 480 volt motors. 
New solid state soft start contactors and 
wiring will be installed in the existing 
cabinet. other sections of the cabinet will 
be cleaned and checked. 

Automatic Restart 

New voltage and amperage sensors and 
discharge water pressure meters are proposed 
for the six pumps. Automatic restart 
equipment is suggested for the four turbine 
pumps with a preselected period of delay. At 
the restart, if the voltage or amperage 
exceeded normal operating range, or water 
pressure did not achieve the normal level on 
the second start, the pump would 
automatically stop and activate an alarm. A 
check valve with surge protection would be 
installed on each discharge pipe to prevent 
water from flowing backwards through the 
pumps. 

The operating 
pumps would 
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restart equipment is recommended without foot 
valves and check valves. Large diameter 
check valves and surge relief devices are 
unfeasible because of their high cost for 
these two pumps. Check valves are not 
essential since both pumps were originally 
designed to spin backwards after shut down 
while the motorized gate valve closed on the 
discharge pipes. 

The auto restart process would reproduce the 
current manual procedure by interlocking the 
motorized valve and air compressor with the 
600 HP motors. The automatic restart 
activity would occur and if proper water 
pressure is not attained the first time, the 
process would repeat, and if unsuccessful, an 
alarm would sound and be communicated to the 
ditch rider. 

Pump Building 

Interior lighting will be changed to Metal 
Halide and outside lights to high pressure 
sodium with photo cell control. 

Monitoring and Telemetry System 

Pumping functions such as on, off and 
discharge pressure will be monitored and 
communicated to the ditch rider by a portable 
receiver unit. 

Algae Reduction 

While the existing alga~ collection machine 
does function, an improved device is needed 
to provide more reliable performance at a 
much lower operating and maintenance cost. 
Unfortunately no commercial manufacturers of 
algae removal machines were discovered in 
response to telephone inquiries. 

Consequently, recommended for this project 
are electrical renovation of the existing 
machine as well as adjustments to mechanical 
components. In addition, a new trash rack 
with a flatter angle will be partially self 
cleaning and increase the proportion of algae 
removed to nearly 100%. 
Steel bars missing from the trash racks in 
front of the pump building wet wells should 
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also be replaced. 

Silt Reduction 

The cost effectiveness of a sedimentation 
trap at the upper end of the inlet canal was 
evaluated. A three minute detention time is 
expected to trap about 60% of the suspended 
material. The optimum return on investment 
is achieved with a settlement basin 30 feet 
wide, 9 feet deep and 100 feet long. 

Pump Station Erosion Control 

The original erosion control benches and drop 
pipes catching surface runoff along the 
perimeter of the pump station excavation 
should be renovated. The work includes 
reshaping the drainage ditches and installing 
new drop pipes directing the water into the 
inlet canal. 

New Inlet Canal Pipe 

A new pipe is not recommended for this inlet 
canal. High water velocities presently 
inhibit algae propagation, reducing the 
benefit of an inlet pipe. Further, piping 
adequate for 135 CFS would cost more than 
$100 per lineal foot. Marginal benefits 
combined with a high initial cost, results in 
an extremely low return on investment. 

Pump Platform Stabilization 

The concrete inlet structure supporting the 
150 and 300 HP pumps should be mud jacked 
back into its original position to allow the 
pumps to operate properly. The north pump 
reportedly vibrates so violently that it was 
only operated a few days during the 1988 
irrigation season. We suggest that shims be 
placed under that pump to realign it with the 
discharge pipe as a temporary corrective 
measure so it can be used in 1989 until the 
slab is permanently stabilized. 

3. Pump Station No. 3 

New Electrical System 

Solid State Motor Controllers, complete 
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rewiring, and one high pressure sodium 
luminaire are proposed. 

The new soft start controllers can be 
installed in the existing cabinet. The other 
sections of the cabinet will be cleaned and 
all connections checked. 

New conductors will be installed in above 
ground conduits. 

Automatic Restart 

voltage and amperage sensors and water 
pressure meters, combined with solid state 
automatic controls and an alarm system are 
the electrical features included in the 
automatic restart system. Check valves with 
surge protection installed on each discharge 
pipe will allow smoother, more efficient 
motor restarts. 

The automatic restart system will contain 
time delays after power interruption, an 
interlock with the pump suction water level 
switch, and an alarm system to be activated 
after two unsuccessful starts. 

Monitoring and Telemetry System 

The on, off, and discharge pressure 
functions would be monitored and communicated 
to the ditch rider. 

Silt Reduction 

A silt trap is appropriate at the upper end 
of this inlet canal. The estimated optimum 
size yielding the highest rate of return on 
the original investment provides 6.9 minutes 
of detention time from a basin 20 feet wide, 
8 feet deep and 60 feet long. 

Pump Station Erosion Control 

This item includes 
drainage ditches and 
pipes. 

New Inlet Canal Pipe 

reshaping 
installing 

perimeter 
new drop 

If the sedimentation trap is installed, 
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converting the inlet canal to a pipe is 
recommended. 

4. Pump Station No. 4 

New Electrical System 

The electrical improvements suggested for 
Pump Station No. 3 are also recommended here. 

Variable speed controls are not recommended 
for these two pumps even though they could 
adjust pumping rates to match the volume of 
water demanded by the five pivot sprinklers 
being served. Water pumped in excess of 
demand returns via an overflow pipe from the 
discharge surge pond. This recycled water 
enters the pump station No. 4 wet well and is 
recycled to the surge pond. While automated 
variable speed controls would slow the pump 
speed to eliminate the excess water returning 
to the pump, the projected energy savings 
does not produce a favorable rate of return 
on investment. 

A new high pressure sodium light will be 
installed. 

Automatic Restart 

Voltage and amperage sensors, pressure 
meters, and solid state controls along with 
an alarm system and check valves are the 
necessary components. 

Monitoring and Telemetry System 

Three pump functions, on, off, and discharge 
pressure, would be monitored and telemetered 
on request to the ditch rider. 

Silt Reduction 

A sediment trap at the upper end of the inlet 
pipe should reduce the frequency of pump 
impeller reconstruction. Optimum size is 20 
feet wide, 8 feet deep and 60 feet long 
providing seven minutes of detention. 

Pump Station Erosion Control 

Similar to the other stations, 
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reconstruction of 
pipes are included 
addition, 100 LF 
installed along the 
needed to lower the 

5. Seepage Correction 

perimeter ditches and drop 
in the cost estimate. In 
of perforated drain pipe 
west chain link fence is 
ground water. 

Approximately 1,000 LF of synthetic membrane is 
recommended for the Highland Hanover Main Canal 
No.2. Other ways to control seepage are a 
natural bentonite liner and piping. The most cost 
effective material will be selected during the 
design process. 

6. Lateral Renovation 

Two major types of improvements are, first, 
renovation and recalibration of the Constant-head 
Orifice Structures and second, converting open 
ditches to pipelines to reduce future maintenance 
costs. A secondary benefit of piping is the 
capability to deliver gravity pressured water for 
sprinkler systems. 

The constant-head orifice structure originally 
installed at the diversion point of each lateral 
served two purposes, regulation of diverted water 
and flow measurement. The ditch rider, equipped 
with calibration tables, could adjust the two 
slide gates to produce the proper water elevation 
between. When the water level behind the first 
gate was 0.2 feet below the water level in the 
main canal, and the second slide gate operated as 
if it were a submerged orifice. Standard formulas 
were then used to estimate the diversion rate. 

Many of these slide gates are now inoperable, 
suffer from seepage around the headwalls, and in 
general should be renovated and recalibrated. 

Twenty lateral head gates are recommended for 
reconstruction. 

converting 5,000 LF of laterals to pressure pipes 
will eliminate deteriorated concrete lined drop 
structures and eroded ditches. Since water 
distribution systems are ineligible for Water 
Development Commission funding, only laterals 
serving two or more irrigators are considered 
within the scope of this report. 
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7. Main Canal Reshaping 

Improving the shape of the main canal to allow 
cleaning with a backhoe is considered very 
important by District Board Members. 

The original canals were designed to minimize the 
earthwork. The resulting high banks require canal 
maintenance to be performed by large draglines 
which today are substantially more expensive to 
operate per hour than rubber tired backhoes. 
During the past thirty years, technological 
improvements have made earthwork moving equipment 
more efficient, and it is now more cost effective 
to move a higher volume of earth initially in 
order to reduce future maintenance costs; in other 
words, in several locations, configuration of the 
canal has become obsolete. 

Therefore, lowering the ditch banks as part of 
this project so the main canal can be cleaned with 
a backhoe, yields an attractive rate of return. 

Canal Reconstruction is proposed for 2,100 lineal 
feet. 

The proposed canal cross section would receive a 
new 30 foot wide platform three feet above the 
high water level in the canal. Three feet of free 
board is sufficient for the main canal where it is 
now excessively deep. Lowering the existing 
platforms would allow a backhoe with an 18 foot 
reach, to clean the ditch by removing the 
accumulated sediment and vegetation. 

8. Miscellaneous Improvements 

a. Safety Chains on Inverted Syphons 

Safety chains placed at the inlets of three 
inverted syphons produce no measurable 
monetary benefits except for reduced exposure 
to legal liability. Nevertheless, because of 
the existing potential safety hazard, this 
improvement is recommended as part of the 
rehabilitation project. The rate of return 
in Table 4 is based on a 10% probability of 
incurring a million dollar obligation during 
the next forty years. 

20 



b. Extendable Backhoe 

The recommended rehabilitation program 
includes a new rubber tired backhoe even 
though it is not eligible for cost sharing 
assistance from the Water Development 
Commission. 

Because a machine equivalent to a Case Model 
580, with four feet of extendable reach, is 
considered by the author to be an integral 
part of the recommended rehabilitation 
program, its cost effectiveness has been 
evaluated. Such a machine would not only 
reduce historical (Table 1) expenditures 
labeled Hired Machines, but also promises a 
significant revenue increase for the 
District. 

A district employee could clean the sediment 
traps in the four inlet canals and maintain 
the District canals for about one half the 
cost of hiring outside contractors. This 
will reduce annual expenditures an estimated 
$6,000. 

Revenue enhancement will result from the 
electrical automation, creating extra time 
that the ditch rider can devote to making new 
services available to District members. For 
instance, contract cleaning services offered 
to irrigators could create new revenue for 
the Highland Hanover District. 

c. Culvert Headwall Reconstruction 

Concrete headwalls at both ends of a culvert 
in Main Canal No. 2 have suffered structural 
failure. The retaining walls appear to have 
no steel rebar, allowing wide spread cracking 
to occur. Surface runoff from the road above 
flows through the cracks in the wall, 
creating the possibility of total collapse. 

B. Economic Analysis 

1. Historic Expenditures 

Expenditures incurred by the irrigation district 
during the past three years and cost estimates for 
the individual elements of the rehabilitation 
program are described in this section. The 

21 



anticipated cost savings resulting from 
implementation of the improvements, as well as the 
resulting return on the initial investments are 
listed in Table 4. 

Average annual expenditures were segregated into 
what are called Fixed Costs and Variable Costs in 
this report. The proposed improvements will 
probably not change several irrigation district 
costs such as the Bureau of Reclamation note 
payment and charges for electricity. Similarly, 
labor costs for the District's single full time 
staff member were also considered to be unaffected 
by the proposed improvements because at least one 
person will always be needed to administer 
distribution of water and operate and maintain 
district facilities. Therefore these costs, in 
addition to selected miscellaneous expenditures, 
are considered fixed. 

However, it is assumed that improved management 
efficiencies resulting from partial automation of 
the pumping systems will create additional 
revenue opportunities for the District rather than 
reducing the full time position to part time. 
Therefore, future labor costs are not expected to 
drop below the historical average. 

The other Fixed Costs are legal and accounting 
fees, taxes, insurance, and other miscellaneous 
expenses. Total fixed costs increased slightly 
from $85,700 to $89,000 between 1985 and 1986, and 
then dropped substantially to $78,000 in 1987, 
producing a three year average of about $85,000. 

Variable costs are those which can be reduced by 
investing in new equipment and upgrading the canal 
system. Pump repairs were less than $5,000 in 
1985 and 1986 and then suffered a spectacular jump 
to $32,000 in 1987. Although reconstruction of 
pump impellers damaged from silt is the largest 
single item, electrical repairs have also been 
rising. Reducing the volume of silt passing 
through the pumps will add many years to the life 
of the new impellers. 
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TABLE 1 

Historic Annual Expenditures 

Budget Items Amount 

No. Name 1985 1986 1987 Rounded 
($) ($) ($) 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 2018.97 

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 
- Workers Compensation 251.87 223.28 214.08 
- Social Security 2,315.18 1,938.50 2,367.85 
- Federal Withholding 608.00 1,792.00 
- Wyoming Retirement 1%707.02 881.87 

TOTAL 26,847.56 26,759.87 23,907.52 26,000 

3. Miscellaneous 
- Commissioner Expense 66.82 725.59 690.22 
- 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 9 804.37 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 2 191.54 4%825.36 4 2 725.10 4%580 

TOTAL 5,568.38 8,744.09 6,856.65 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 
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1987 Rounded 
($) Average 

52.583.50 33.000 

136,400.29 120,600.00 

20.98 18.60 



The other major Variable Cost is canal cleaning by 
outside contractors. The budget item called 
Machines Hired jumped from $5,600 in 1985 to almost 
$17,000 the following year and dropped slightly to 
$13,500 in 1987. 

The remaining $9,000 to $12,000 in this category 
are the telephone alarm system for Pump Station No. 
2, operating and maintaining algae machines, and 
herbicides to reduce algae in the Main Canal No.2. 

Total variable costs rose from $20,000 in 1985 to 
$58,000 in 1987 for an annual average of about 
$36,000 during the past three years. 

While the Highland Hanover Irrigation District has 
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 nearly $21.00 in 
1987, an increase of 30% per year. 

2. Estimated Rehabilitation Program Costs 

Costs were estimated for those rehabilitation 
program features which produce a favorable rate of 
return on their initial investment. Several 
improvements are proposed for each pump station 
resulting in an investment of $103,000 at Pump 
Station No.1, $230,000 at Pump Station No.2, and 
$68,000 and $40,000 at Pump Stations No.3 and No. 
4 respectively. All the pumps receive a new 
electrical system with automatic restart and remote 
control features. 

In addition, silt will be trapped in a 
sedimentation basin at the upper end of each inlet 
canal. 

The extraction of algae imported into the District 
will be enhanced by upgrading both algae removal 
machines. The amount of algae produced within the 
District will be reduced by pipes installed in the 
No. 1 and No. 3 inlet canals, and by reshaping the 
Main Canal No. 2 to increase the water velocity in 
slow moving segments of the ditch. 

Erosion control ditches around the pump station 
facilities have become filled with silt and in 
recent years surface run off has begun carrying 
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Item 
No. 

1. 

2. 

3. 

4. 

TABLE 2 
Estimated Costs 

Recommended Improvements 

Description 

Pump Station No. 1 
- New Electrical System 
- Automatic Restart 
- Monitoring and Telemetry System 
- Algae Reduction 
- Silt Reduction 
- Pump Station - Erosion Control 
- New pipe in the inlet canal 

TOTAL 

Pump Station No. 2 
- New Electrical System 
- Automatic Restart 
- Monitoring & Telemetry System 
- Algae Reduction 
- Silt Reduction 
- Pump Station Erosion Control 
- Pump Platform Stabilization 

TOTAL 

Pump Station No. 3 
- New Electrical System 
- Automatic Restart 
- Monitoring & Telemetry System 
- Silt Reduction 
- Pump Station Erosion Control 
- New Pipe in the Inlet Canal 

TOTAL 

Pump Station No. 4 
- New Electrical System 
- Automatic Restart 
- Monitoring & Telemetry System 
- Silt Reduction 
- Pump Station Erosion Control 

TOTAL 
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Initial 
cost 

Installed 

19,000 
1,500 
5,000 
2,000 

12,800 
2,500 

60,000 
102,800 

145,700 
4,200 

16,350 
11,000 
42,400 
6,600 
7,500 

233,750 

17,000 
1,100 
5,000 

12,800 
2,500 

30,000 
68,400 

19,000 
1,100 
5,000 

12,800 
2,500 

40,400 

Cost Share 

WWDC 
50% 

9,500 
750 

2,500 
1,000 
6,400 
1,250 

30,000 
51,400 

72,850 
2,100 
8,175 
5,500 

21,200 
3,300 
3,750 

116,875 

8,500 
550 

2,500 
6,400 
1,250 

15,000 
34,200 

9,500 
550 

2,500 
6,400 
1,250 

20,200 

Irrigation 
District 

50% 

9,500 
750 

2,500 
1,000 
6,400 
1,250 

30 .. 000 
51,400 

72,850 
2,100 
8,175 
5,500 

21,200 
3,300 
3,750 

116,875 

8,500 
550 

2.,500 
6,400 
1,250 

15,000 
34,200 

9,500 
550 

2,500 
6,400 
1,250 

20,200 



Item 
No. 

5. 

6. 

7. 

8. 

9. 

10. 

TABLE 2 
(Cont'd.) 

Estimated Costs 
Recommended Improvements 

Initial 
cost 

Description Installed 

Seepage Correction 
1,000 LF at $15/LF 15,000 

TOTAL 15,000 

Lateral Renovation 
20 Slide Gates at $400/ea. 8,000 
5,000 LF New Pipe at $9.00/LF 45,000 

TOTAL 53,000 

Main Canal Reshapin& 
1,500 LF at $20/LF 30,000 
Coutis Ditch 
600 LF at $12/LF 7,200 
700 LF of Riprap at $10/LF 7,000 

TOTAL 44,200 

Miscellaneous Improvements 
a. Safety Chains on three 

Syphons Inlets 1,500 
b. Backhoe 60,000 
c. Culvert Headwall 

Reconstruction 3,000 
d. Check Dam 8,000 

TOTAL 72,500 

TOTAL CONSTRUCTION COST 630.,050 

Estimated Bureau of Reclamation 
administration and engineering 
costs at 6.5% 20,480 

Contingency at 15% 94,510 

Design Engineering and 
Construction Inspection at 14% 88,200 

TOTAL ESTIMATED PROJECT COST 833.,240 
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Cost Share 

Irrigation 
WOC District 

50% 50% 

7,500 7,500 
7,500 7,500 

4,000 4,000 
22,500 22,500 
26,500 26,500 

15,000 15,000 

3,600 3,600 
3,500 3,500 

22,100 22,100 

750 750 
0 60,000 

1,500 1,500 
4,000 4,000 
6,250 66,250 

285.,025 345,025 

20,480 

47,255 47,255 

44,100 44,100 

376,380 456,860 



soil onto the concrete pump platforms. The erosion 
protection benches and drop pipes will be restored 
as they were originally constructed, to prevent 
damage from future erosion. 

The outside pumping facility at Pump Station No. 2 
has settled, causing a misalignment in the 
discharge piping. The concrete inlet structure 
should be jacked into its original position with 
grout at an estimated cost of $7,500. 

In addition to improvements at the four pump 
stations, 1,000 lineal feet of membrane liner is 
recommended for the Main Canal No. 2 in those 
segments where the original liner has deteriorated 
or none was installed in sandy soils. 

Lateral renovation includes the rehabilitation of 
20 slide gates and 5,000 lineal feet of new lateral 
piping. 

Two types of canal reshaping are envisioned, first, 
lowering the existing benches to facilitate 
cleaning with a backhoe and second, narrowing the 
canal cross section with earth and riprap to 
increase water velocities. Both measures will 
reduce future canal maintenance costs by allowing 
economical machines to clean the ditch and by 
reducing the production of algae in the faster 
flowing water. 

Finally, four miscellaneous improvements complete 
the rehabilitation program. Three inverted syphons 
on the main canal have no safety devices to prevent 
a person from be pulled through the upper end. Two 
sets of safety chains are proposed for each syphon 
at a total cost of $1,500. 

A rubber tired backhoe with four feet of extended 
reach, providing a digging depth of eighteen feet 
three inches, is an element of the rehabilitation 
program. This would be a multi purpose machine 
used for cleaning the main canal, removing silt 
from the sedimentation basins, hauling algae from 
the conveyor belt to the upper storage area at Pump 
Station No.2, and for miscellaneous routine 
maintenance activities. 

Another reason a backhoe is high on the irrigation 
district's priority list is that the subdrain 
systems installed by the Bureau of Reclamation are 
showing signs of deterioration. Some subdrain 
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pipes are depositing silt into the canal along with 
the return flows, indicating the possibility of 
pipe breakage. other pipes may be plugged where 
return flows are substantially lower than in 
previous years. The District Board Members fear 
that future maintenance of the drain system could 
become prohibitively expensive if outside 
contractors must be hired for the work. 

Culvert headwall reconstruction is needed at the 
road overpass on Main Canal No.2. 

A concrete check dam is needed in the main canal. 
The original project omitted a control dam at this 
lateral, and numerous temporary devices have been 
placed in the canal to raise the water level for 
proper operation of the lateral headgate. A 
permanent dam will facilitate control of the water 
at this location and reduce future expenses. 

The total construction cost of the rehabilitation 
program is $630,050 in 1989 dollars. Adding 35.5% 
for anticipated Bureau of Reclamation fees, 
contingencies, and engineering brings the total 
project cost to $833,240. 

3. Permitting 

The Bureau of Reclamation owns the Highland Hanover 
irrigation facilities, the underlying land, and 
rights of way for roads and canals. The Bureau 
requires that construction plans for improvements 
be submitted for approval. 

Existing easements are sufficient at the pump 
stations for the proposed improvements and along 
existing ditches if the new construction does not 
change their alignment. A wider canal easement may 
be required at the anticipated locations of the 
sedimentation basins. 

As long as the contractors stay on existing access 
roads no temporary access permits will be required. 

If significant wetlands are dewatered through the 
reduction of seepage from the Main Canal No.2, 
then a Corp of Engineer section 404 Permit 
application will have to be submitted. Even though 
the canal segment designated for a new membrane 
liner should not impact existing wetlands, a Corp 
of Engineer Permit application should probably be 
submitted. 
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Irrigation District expects to apply for an 
interest free loan from the B.D.R. for that portion 
of the project ineligible for funding from the 
Wyoming Water Development Commission. The Bureau's 
total loan would include a 2.5% loan administration 
fee. In addition, the Bureau normally sets aside 
up to 8% to cover costs for design review and 
construction inspection. However, the costs 
associated with the engineering for this project 
may be about 4% of the B.D.R. loan amount. 

4. Benefit-Cost Evaluation 

Annual savings resulting from each recommended 
improvement were projected. The District will 
receive three types of financial benefits, reduced 
operation and maintenance expenditures, higher net 
revenues, and future avoided costs as shown in 
Table 3. 
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No. 

1. 

2. 

3. 

4. 

5. 

6. 

TABLE 3 
Projected Annual Cash Value 

Historic 
Item Expenditures 

Pump Repairs 13,800 
New electrical system 
Silt reduction 

Machines Hired 11,900 
Backhoe 6,000 
Main canal reshaping 3,000 
New pipe in inlet canal 1,400 
Pump station erosion control 500 

Telephone (alarm & radio) 1,200 

Algae Machines 1,260 

Ditch Supplies 4,580 

Annual Revenue 
New Revenue 
Total 200 hrs. labor saved 3,000 
at SIS/Hr. 

Automatic Restart 
84 hrs. 

Monitoring & Telemetry System 
40 hrs. 

Algae Reduction 

Lateral Renovation 
20 hrs. 

Check Dam 
16 hrs. 
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Annual Project Expected 
Savings Future costs 

10,800' 3,000 
7,000 
3,800 

10,900 1,000 

800 400 

660 600 

2,580 2,000 

Increases 

1,260 

600 

600 

300 

240 



No. 

7. 

TABLE 3 
(Cont 'd.) 

Projected Annual Cash Value 

Historic 
Item Expenditures 

Miscellaneous Total future 
costs avoided 

Seepage correction 10,000 

Safety Chains 
$1,000,000 x 10% 100,000 

Culvert Headwall Reconstruction 3,000 

Pump Platform Stabilization 7,500 
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Annual Project Expected 
Savings Future costs 

Annual 
cash flow 
benefit 

250 

2,500 

400 

1,000 



Installing the new electrical systems and trapping 
most of the silt are expected to reduce pump 
repairs from $13,800 to about $3,000 per year. The 
new electrical equipment will save $7,000, and 
$3,800 of the savings is attributable to silt 
reduction leading to less frequent pump impeller 
reconstruction. 

The amount spent on hired machines should drop to 
$1,000 from almost $12,000 annually as a 
consequence of four investments. Acquiring a 
backhoe saves $6,000, reshaping the Main Canal No. 
2 reduces annual costs $3,000, and inlet pipes and 
erosion control creates $1,900 of benefits. 

The new monitoring and telemetry system eliminates 
the present system using the telephone company and 
Worland radio, and creates a savings of about $800 
per year. 

The cost of handling algae is expected to drop 
$3,200 annually due to new reliability built into 
the existing algae machines, and a reduction of 
herbicides made possible through improved canal 
hydraulics. 

Future costs will be avoided by four miscellaneous 
items. Establishing the value of these 
improvements is difficult, thus the computed 
avoided costs and their annual cash flow benefits 
are somewhat arbitrary. Nonetheless, the author 
hopes that their dollar amounts place these items 
in proper perspective. 

5. Financial Feasibility 

Table 4 compares the initial investments with the 
annual future savings created by each 
rehabilitation improvement. All of the recommended 
items create an annual cash savings to the 
District, provided that the Water Development 
Commission provides a grant for one-half the cost, 
and the Bureau of Reclamation loans the other half 
at zero interest. This means that if the Variable 
Costs decrease as projected, the savings will more 
than cover the new loan payments, estimated at 
$10,000 per year, as depicted in Figure 7. 

In Figure 7, for illustration purposes, future 
expenditures except for the Bureau of Reclamation 
payments, are shown increasing at 2% per year. 
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6. Recommendations 

Implementing the total 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 
yields an immediate return to the members. 
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Item 
No. Description 

1. Pump Station No. 1 

New Electrical System 
Automatic Restart 
Monitoring and 

Telemetry System 
Moss Reduction 
Silt Reduction 
Pump Station-Erosion 
Control 

New Pipe in the 
Inlet Canal 

TOTALS 

2. Pump Station No. 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 4 
Rates of Return 

Recommended Improvements 

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

$ 9,500 600 Pump Repairs 
750 100 New Revenue 

I 
t 2,500 120 Telephone~ New Revenue 

1,000 110 Moss Machine & Labor 
6,400 320 Pump Repairs 

1,250 50 Machines Hired 

30%000 900 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 
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Annual 
Rate of 
Return % 

6.3 
1.3 

4.8 i 

1.1 
5.0 

4.0 

3.0 

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. 

4. 

5. 

6. 

7. 

8. 

Description 

Pump Station 10. 4 
New Electrical System 
Automatic Restart 
Monitoring and 

Telemetry System 
Silt Reduction 
Pump Station Erosion 
Control 

TOTALS 

Seepage Correction 

Lateral Renovation 

Main Canal Reshaping 

Misc. Improvements 
a. Safety Chains 

b. Backhoe 

c. Culvert Headwall 
Reconstruction 

d. Check dam 

TOTALS 

TABLE 4 
(Cont'd.) 

Rates of Return 
Recommended Improvements 

Irrigation 
Dist. Cost 
Share at 50% 

$ 9,500 
550 

2,500 
6,400 

1.250 
$ 20,200 

7,500 

26,500 

22,100 

750 

60,000 

1,500 

$345,025 
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Annual Future Savings 

$ 

550 
100 

120 
300 

50 
$1.120 

250 

300 

5,300 

250 

Applicable 
Budget Items 

Pump Repairs 
New Revenue 

Telephone, New Revenue 
Pump Repairs 

Machines Hired 

Future Costs Avoided 

New Revenue 

Ditch Supplies and 
Machine Hired 

Future Costs Avoided 

6,000 Machines Hired 

400 Future Costs Avoided 

240 New Revenue 

30,370 AVERAGE RATE OF RETURN 

Annual 
Rate of 
Return % 

5.8 
18.1 

4.8 
5.0 

4.0 

3.3 

1 • 1 

24.0 

33.3 

10.0 

26.7 

6.0 

8.80 



FIGURE 7 

PROJECTED ANNUAL COSTS 
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APPENDIX A 

ELECTRICAL SYSTEM PHOTOS 
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APPENDIX B 

FINANCIAL STATEMENTS 
1985, 1986, 1987 



HIGHLAND HANOVER. IRHIGATIUN DlSTRIC'r 
FINANCIAL STATEMENT 

JANUAR.Y 1, 1986 

1985 CASH RECEIPTS 
BALANCE ON HAND JANUARY 1, 1985 
COUNTY TREASURER 
WATER SALES 
LAND BENT 
BEIf1BURSEMENTS 
CHECKING PLUS INTEREST 
Il'J'l'EHEST 
LOAN ( 1ST. NATIONAL BANK) 

- TOTAL RECEIPTS -

DIS BURSEHENTS 
BUREAU OF RECLAr-fATlON: 

HEPAYf1ENT OF NOTES 
ENERGY 

DITCH RIDER: 

LEGAL EXPENSES: 

PACIFIC POWER 
INSURANCE 
\vATER CARRIAGE 
NOWATEH 

PICK-UP, HOUSING, ETC. 
MOUNTAIN BELL 
WAGES 

BIG HORN ADJUDICATION SUIT 
AUDIT 
C0l1MISSIONERS EXPENSES 
TAXES 

MOSS CATCHERS 
DITCH SUPPLIES 
r,lACHINES HIRED 
PUHP REPAIRS 
ELECTRICAL REPAIRS 
FLUl'lE 
OFFICE SUPPLIES 
NlLAGE 
PES TAC IDES 
OUTSIDE LABOR 
TREASUR~RS WAGES 
LOANS· (REPAYNENT '£0 1ST. NATIONAL BANK) 
INTEREST 
r'lISCELLANEOUS EXPENSES 
WYOf1ING ~OHKEnS COI1PENSATION 
SOCIAL SECURITY 
WYOl·lING nE'l'InEHENT SYSTEN 
SERVICE CHARGES 
WYOMING EI'1PLOYI1EUT SECURITY COflNISS ION 

6449.97 
116191.12 

500.00 
300.00 

1489.54 
3101.53 
1028.09 

19000,00 
148060.25 

$ 32921.07 
17581.13 

10100,00 
606.50 

12473.49 

128.25 
45.00 

66.82 
421.42 
207.63 
6.57.00 

3871.78 
88.72 

770.34 
361,92 

4461.12 
2130.17 
2634.69 
4683.96 

107.17 
146.1~8 

3829.62 
1141.4.5 

786.36 
34000.00 

549.64 
.571,80 
2.51.87 

231.5.18 
1707.02 

63.28 
.59.30 

- TOTAL EXPENSES - $1.1)9740.18 
BALANCE IN BANK JANUARY 1, 1986 2.577.84 

BALANCE IN CHECKING PLUS INTEREST 5742.23 

CASH & T...IONG TERn NOTES 
CHECKING PLUS INTERES'f 
BunEAU 01t' RECr..Af,'A'fION: 

#14-06-600-1.532 
#14-06-600-1527A 

LYLE D. GElS - TREASURER 

.~1e. B. )j~ 

$.5742,23 

)07960.00 
2270.52.75 

$ 148060.25 



1986 SOURCES OF FUNDS: 

HIGHLAND HANOVER IRRIGATION DISTRICT 
FINANCIAL STATEMENT 

JANUARY 1, 1987 

Balance in Checkbook January 1,1986 
Balance in savings January 1, 1986 

2,577.84 
5,742.2) 
8,320.07 Total Balance on Hand 

County Treasurer 
Rent 
Reimbursement 
Interest 

Gross Income 

135,757.43 
300.00 

1,690.06 
2,057.21 

139,804.70 

Total FUnds - 8,320.07 plus 139,804.70 = 148,124.77 

Disbursements: 

Bureau of Recl: 
Notes & Rehab. 
Energy 

DitchRider: 
Wages 
Pickup 

Commisioner Expense 
Legal & Audit 
Telephone (Alarm & Radio) 
water & Taxes 
Insurance 
Pacific Power 
Water Carriage 
Mass Machines 
Machines Hired 
Expenses Shared to Nowater 
Ditch Supplies (Herb 3630) 
Pwnp Repairs 
Misc. Expense 
Workers COmpensation 
Social Security 
Federal Withholding 
Wyoming Retirement 

Total Expenses -

Balance on Hand 

Corrected Check Book Balance 
Savings Balance 
Balance on Hand 

42,.524.68 
13,873.77 

14,231.02 
8,857.20 

725.59 
120.00 

1,673.21 
210.00 

1,054.00 
117.26 

1,324.34 
2,245.52 

16,719.00 
2,619.49 
4,825.36 
4,369093 

891.24 
223.28 

1,958.50 
608.00 
881.87 

120,053.26 

(4,632.16) 
32,70).17 
28,071.01 

120,053.26 

28,071.51 



HIGHLAND HANOVER IRRIGATION DISTRICT 
FINANCIAL STATEMENT 

JANUARY 1, 1 yee 

J9U7 SOURCES OF FUNDS: 

Balance in Checkbook January 1, 1987 
Balance in Savings January 1, 1987 

Total Balance on Hand January 1,1987 
County Treasurer- Assessments 
Interest 
Rent 
Refunds 

Gross Income 

Total Funds(Cross Inc. plus Bal on Hand) 

DISBURSEM~NTS : (Expenses) 

Bureau of Reclamation: 

Wages 

Notes and Dam Maintenance 
Electrical Energy 

Travel 
Commissioner Expense 
Insurance 
Legal and Audit 
Telephone 
vlater Carriage 
Moss Catcher 
Machines hired 
Expenses Shared to Nowater 
Ditch Supplies 
Pump Repairs 

(4632 •16) 
32703.17 
28071.01 

107,994.81 
662.22 
JOO.OO 
226.95 

109.183.98 

38,396.96 
12,018.97 
12,251.)8 
7,282.21 

690.22 
787.0:) 

1,J45.29 
1,360.94 

637.17 
770 .61 

13,509.50 
5,)62.95 
4,725010 

32,217.35 
Misc. Expense (Includes interest of 586.39) 
Workers Compensation 

670.71 
21l".08 

2,367.85 
1,792.00 

136,400.29 

Social Securit.y 
Federal Withholding 

Total Expenses -

Change in Working Capital 

Year End Balance on Hand 
Savings 
Checking 

Chk #185L~ cancelled 
Total Checking 

Balance on hand 

David L. McKamey - Treasurer 

'. 4 ~ I I ,>" i ',' /!l'=--~ ClffiC ('1 
~ v", .... :~~' j 1'-' ,/ 

/; 

797.03 
2,398.82 
J,""195:B5 

109,183.98 
less l36,1.~OO.29 

(27,216.31 ) 

137,254.99 

57.67 

3,19,.85 

J 25J.52 ) . 
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