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I. INTRODUCTION 

The Lanesboro Dam is on the South Branch of the Root River near the 
center of the City of Lanesboro, Fillmore County, Minnesota. The existing 
hydropower facility at the dam was operational until 1978, when the reser
voir was drawn down due to inadequate dam safety. The purpose of this 
study is to assess the feasibility of rehabilitating the existing power
house turbine units for hydropower operation. 

The Lanesboro Dam was included in a grant agreement dated Se'ptember 22, 
1980, between the Minnesota Department of Natural Resources and the St. 
Anthony Falls Hydraulic Laboratory for hydroelectric power feasibility 
studies on seven municipally owned dam sites in the State of, Minnesota. 
The Minnesota Department of Natural Resources and the City of Lanesboro 
subsequently made a cost-sharing agreement for the feasibility study. 

This study begins with an assessment of the site and hydroplant con
dition based upon field inspection. A hydraulic and hydrologic analysis of 
the site is then undertaken to determine the available power and energy. 
The value of the power and energy are then determined and an operational 
plan is developed. The core of the study is rehabilitation cost estimates 
and. an economic analysis used to determine the feasibility of rehabili
tation • 



II. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

The Lanesboro Dam was originally constructed in 1868 by the Lanesboro 
Town Site Company, a joint stock company formed in New York to build the 
village. The dam was constructed for the purpose of developing the' water 
power available at the site and thereby attracting industry to the village. 
Three flour mills operated on water power downstream of the dam in the 
1870' s but were all demolished by' fire prior to the mid-1890's. In the 
mid-1890's the village built its first hydroelectric generating plant on a 
site of one of the demolished mills [1]. 

The powerhouse currently contains two Leffel Sampson Units, which 
incorporate vertical, open flume Francis turbines. Uni t No. 1 has a 24 
inch Francis runner which oper4tes at 300 rpm with a design output of 340 
hp. The unit also has a Woodward governor and a Westinghouse generator 
rated at 31'2 kVA and 2.3 kV. The unit was installed in 1922 and rehabili
tated in 1954 with a replacement runner, shaft, gate casing, and extension 
shaft. Unit No. 1 operated until 1978 when the reservoir was drawn down 
due to hazardous dam safety conditions. Previous operation of the unit was 
only from 8 a.m. to 5 p.m. daily. The maximum output of Unit No. 1 in 1978 
was approximately 220 kW. The main operational problem with the unit was 
oil leakage from bearing lubrication systems. Unit No. 2 has an 18 inch 
Francis runner with a design output of 180 HP. The unit was installed in 
1940 and operated until approximately 1967, when it was shut down due to 
operational problems. The generator is in very poor condition, with parts 
missing. 

After four years of nonuse, the tailrace channel has been almost 
entirely silted in from the backwater of floods in the main stream. 

The drainage area of the site is 297 miles. The gross head, or dif
ference between headwater and tailwater elevation, is an average of 26 ft. 
Thg' average annual discharge of the Lanesboro Dam is estimated to be 207 
ft Isec. 

The City of Lanesboro is a municipal utility with its own distribution 
system and diesel fuel internal combustion engine generators, with 1296 kW, 
capacity, which are currently used for standby and emergency p~riods. All 
other energy is currently purchased from the Dairyland :rower Cooperative 

, (DPC). The city does not pay a capacity charge to DPC because the diesel 
generators are able to carry the full load of the Lanesboro distribution 
system. 

All energy produced at the Lanesboro Hydropower Plant will be used to 
offset energy purchases from DPC. The value of the hydroelectric energy is 
therefore equal to the rate at which Lanesboro purchases energy from DPC. 
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Because the City of Lanesboro currently has surplus capacity, no value was 
given to the capacity of the hydropower facility. 

During calendar year 1981 the City of Lanesboro purchased 4.32 GWH 
(4,32 million kWH) of energy from DPC at a total cost of $114,591,30. Of 
the energy costs, the substation charge of $4,320 was independent of the 
amotin t of energy used. Theref ore, the variable cos t of energy was 
$110,271.30 or 2.55 ¢/kWH for 1981. 

All calculations in this study are based upon 1982 dollars. Assuming 
9 percent annual escalation, the 1982 value of energy offset by hydropower 
production is 2.78 ¢/kWH. 

If Unit No. 1 is rehabilitated, the average annual energy production 
is estimated to be 1,440,000 kWH, with a peak output of 229 kW. At 2.78 
¢/kWH, the average annual income which may be expected by rehabilitating 
Unit No. 1 is $40,000 in 1982 dollars. Annual operation, maintenance, and 
replacement costs for Unit No. 1 are estimated to be $12,000 (1982 
dollars) • 

If Unit. No. 2 is also rehabilitated, the additional average an:nual 
energy production is only 222,000 kWH, and the peak output would be 
increased by 136 kW. The additional income generated by Unit No. 2 would 
only be $6,'172 per year in 1982 dollars. 

Considering that Unit No.2 has not been run since 1967, and that many 
parts of the generator, controls, and switchgear are missing, it is highly 
unlikely that the $6,172 estimated annual income will pay for rehabilita
tion and additional operation and maintenance. It is estimated that Unit 
No. 2 will increase annual operation, maintenance, and replacement costs by 
$3500 (1982 dollars)[2]. 

Turbine/generator rehabilitation costs are generally difficult to 
estimate without disassembly of the unit and a detailed inspection by 
manufacturer's field service personnel. In this study there is a wide 
range of possible rehabilitation costs, which should be considered before 
deciding whether to' proceed with the detailed inspection. The analysis was 
therefore based upon a best case and a worst case of rehabilitation costs, 
with the likely costs falling somewhere in between. 

The best case rehabilitation cost is $24,500 (1982), assuming that 
only those plan,t components which are known to require service will be 
rehabilitated. 

The worst case assumes that every component which, within a'reasonable 
limit of probability, may need rehabilitation will have to be replaced or 
repaired. The worst case cost estimate is $320,500 (1982). The total worst 
case cost is approximately the cost of entirely new equipment for a 250 kW 
hydropower plant. Since the Lanesboro hydroplant was operational as 
recently as 1978, however, the rehabilitation. costs are likely to be closer 
to the best case than to the worst case. 
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The repair and replacement of gates to the headrace canal are included 
in the dam integrity rehabilitation which is currently under design. They 
are therefore not included in the cost of hydropower plant rehabilitation 
because they must be repaired regardless of the future of the hydropower 
plant. 

A number of economic feasibility indicators were computed to provide a 
basis for· future economic decisions. Some of these indicators are given 
below. 

Economic Indicator Best Case Worst Case 

First Year Cost of Power (1982 $/kWH) 0.010 0.036 
Payback Period 1 year 11 years 
35-Year Benefit-Cost Ratio 3.09 1.62 
35-Year Net Present Value (1982 do11ars) $681,800 $385,800 

For the best case rehabilitation cost the economic feasibility could 
hardly be better, with a payback period of one year and a 35-year benefit
cost ratio of 3.09. After 35 years, the anticipated savings to the City of 
Lanesboro by displacing energy purchased from Dairyland Power is $681,796 
in 1982 dollars (net present value). 

The 'economic feasibility for the worst case rehabilitation cost is 
still good, with a payback period of 11 years and a 35-year benefit-cost 
ratio of 1.62. After 35 years, the net savings in displaced energy purcha
ses is sti11 estimated to be $385,796 in 1982 do11ars. Thus the City of 
Lanesboro stands virtually no risk in rehabilitating the hydropower plant, 
and will likely save between $350,000 and $700,000 (1982 base) over the 
next 35 years by displacing energy currently purchases from Dairyland Power 
Cooperative. 

The . economic analysis is based upon an annual operation maintenance 
and replacement cost of $12,000 (1983), which is an average for 250 kW 
hydroplants. The actual cost can vary greatly. For the rehabilitated 
hydroplant to be profitable, operation, maintenance and replacement costs 
must be kept toa minimum. It is therefore recommended that options for 
full or partial automation of the hydroplant be considered carefully. 

Rehabilitation of Unit No •. 1 (250 kW) at the Lanesboro Dam hydropower 
facility is strongly recommended. 
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III. SITE CHARACTERISTICS AND EXISTING FACILITIES 

A. Site Description and Location 

The Lanesboro Dam is on the fjlouth branch of the Root River near the 
center of the City of Lanesboro. The dam is located in Sections 13 and 24, 
T103N, RlOW. Figure 1 indicates the dam location on aU. S. Geological 
Survey 7-1/2 min. map. 

The existing dam consists of a primary spillway across the main river 
channel, an intake structure to the powerhouse headrace canal, and a secon
dary overflow spillway at the upper end of the headrace canal. A plan view 
of the site is given in Fig. 2. 

The primary spillway spans 193 ft across the main channel at an 
average height of 22 ft [lJ. The spillway is constructed of stone masonry 
and is capped with partially eroded concrete. The poor condition of the 
concrete cap allows an uneven flow over the spillway, causing large scour 
holes at th~ downstream spillway. base. The primary spillway is shown in 
Photo.1. 

The powerhouse headrace canal runs approximately 1000' ft from the 
canal intake to the powerhouse intake.. The canal intake structure is a 
s tone masonry' structure with a concrete cap. Currently, there are three 
timber gates mounted on the upstream face of the intake structure. The 
gates are reportedly operable. There are wide longitudinal and vertical 
cracks on the concrete cap and the downstream side of the intake structure 
[1]. Immediately downstream of the canal intake is the secondary overflow 
spillway. This secondary spillway is also of stone masonry arch construc
tion and is capped .with concrete. The embankment which extends from the 
secondary spillway to the powerhouse along the left bank of the river is 
composed of earth· and .rock formed by a railroad grade. A severe seepage 
and piping pr~blem has been observed at the interface of the downstream end 
of the canal spillway and the earth embankment [1]. The in.take structure 
and seco.ndary overflow spillWaY are shown in Photo 2. , The partially 
drained headrace cana1 is shown in Photos 2 and 3~ 

The powerhouse intake is located· near the end (if the headrace canal 
approximately 40 ft above the powerhouse. The powerhouse is shown; relative 
to the end of 'the headrace canal, in Photo 3. Photo 4 gives the powerhouse 
intake and powerhouse superstructure. A sectional sketch of the intake, 
pens tock, powerhouse, and tailrace channel is given in Fig. 3. Figure 4 
gives' a more detailed section of the powerhouse and one of the exist'ing 
turbine units. 

The powerhouse contains two Leffel Sampson Units, which incorporate 
vertical, open flume Francis turbines. Unit No.1, shown in Fig. 4, has a 
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Fig. 1. Project location of the Lanesboro Darn on the South Branch 
of the Root River. 
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Photo 1. Primary spillway, entrance to headrace canal, and 
secondary spillway at the Lanesboro Dam. 

Photo 2. Secondary spillway and headrace canal entrance, 
looking upstream along headrace canal. 
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Photo 3. Partially drained headrace canal and powerhouse 
superstructure, looking from downstream embank
ment of headrace canal • 

Photo 4. Powerhouse intake and superstructure at the 
Lanesboro Dam. 
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24 inch Francis runner which operates at 300 rpm with a design output of 
340 hp. The unit also has a Woodward governor and a Westinghouse generator 
rated at 312 kVA and 2.3 kV. The unit was installed in 1922 and rehabi1i
t,ated in 1954 with a' replacement runner, shaft, gate casing" and extension 
shaft'. Unit No. 1 operated until 1978 when the reservoir was drawn down 
due to hazardous dam safety conditions. Previous operation' of the unit 
was only from 8 a.m. to 5 p.m. daily. The maxi~um output of Unit No. 1 in 
1978 was approximately 220 kW. The main operational problem with the unit 
was oil leakage from bearing lubrication systems. 1 

Unit No. 2 has an 18 inch Francis runner which ope'rates at 400 RPM 
with a design output of 190 HP. The unit also has a Woodward governor and 
an Electric Machinery Company generator rated at 165 kVA. The unit was 
installed in 1940 and operated until approximately 1967, when it was shut 
down due to operational problems. The generator is in very poor condition, 
with parts, missing. The generators for both units and the inside of the 
powerhouse are shown in Photo 5. Photo 6 shows the top of the turbine 
pressure cases and the shafts of both units between the pressure cases and 
the generator room floor. ' 

After four years of nonuse, the tailrace channel has, been almost 
entirely silted in from the backwater of floods in the main stream. The 
silted outlet to the tailrace channel is shown in Photos 7 and 8. 

B. Historia1 Background 

The Lanesboro Dam was originally constructed in 1868 by the Lanesboro 
Town Site Company, a joint stock company formed in New York to build the 
village. The dam was constructed for the purpose of developing the water 
power available at the site and thereby attracting industry to the village. 
Three flour mills operated on water power downstream of the dam in the 
1870' s but were all demolished by fire prior to the mid-1890's. In the 
mid-1890's the village built its first hydroelectric generating plant on a 
site of one of the demolished mills [1]. 

IIi. 1922 James Leffel & Company shipped Unit No. 1 to the City of 
Lanesboro, Minnesota, for the Municipal Electric Light Plant. The Power 
Engineering Company from Minneapolis was the consulting engineering firm. 
In 1954, Leffel furnished a replacement runner; shaft, ga17e casing and 
extension shaft for the unit. Granzow and Rea was the contracting engi
neering firm. This unit operated until 1978 when production was forced to 
ceaee when the reservoir was drawn down to hazardous dam safety conditions. 

In 1940 Leffel shipped Unit No. 2 to the City of Lanesboro'. Granzow
Stephenson, Incorporated, ~as the engineering firm. This unit operated 
until approximately 1967. 

1Te1ephone conversations with Lloyd Schmidt, previous Lanesboro 
hydrop1ant operator. 
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Photo 5. Lanesboro Dam powerhouse interior with 
switchboard, generators, and governor. 

Photo 6. Top of turbine pressure cases and main shafts 
between pressure cases and generator room floor. 
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Photo 7. Lanesboro Dam powerhouse outlet (heavily silted in). 

Photo 8. Lanesboro Dam powerhouse outlet. 
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C. Dam Integrity 

rhe Lanesboro Dam is classified in the intermediate size category as 
defined in the "Recommended Guidelines for Safety Inspection of Dams," 
published by the U. S. Army Corps of Engineers. Size classification is 
baliled upon the dam's height and its reservoir storage capacity. rhe dam 
has also been given a high hazard classification, which refers to the 
potential of downstream economic damage or loss of life in case of mis
operation or failure of the dam. 

A Safety Inspection Report on the Lanesboro Dam [1] found that the 
discharge capacity of the spillway is inadequate to pass the project design 
flood which is the pt-obab1e maximum flood. In fact, the chance of flow 
over the earth embankment of the headrace canal was calculated to be 6 per
cent in anyone year. After receiving the report, the Minnesota Department 
of Natural Resources, Division of Waters, asked the City of Lanesboro to 
lower the reservoir pond level until the dam safety problems can be rec
tified. An engineering consulting firm2 was contracted for 'design of dam 
integrity rehabilitation. This design is currently in progress. 

2ro1tz, King, Duvall, Anderson, and Associates, Inc., St. Paul, 
Minnesota. 
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IV. HYDROLOGY AND HYDRAULICS 

A. Flow Duration and Reservoir Storage 

The Lanesboro Dam MN 00517 is on the south branch of the Root River·. 
The drainage area of the site is 297 mi [1]. 

There is no permanent gaging. station at the Lanesboro Dam~ There is, 
however, a partial gaging station (#05384120) at the dam site which gives 
the discharge on seven specific dates. These discharges were compared to 
the discharge on the same day at gaging station No. 05384000 on the middle 
branch of the Root River, which has a drainage basin with similar drainage 
characteristics. The ratio of discharges between the two gages on the 
seven days of measurement ranged from 0.65 to 0.59 with an average ratio of 
0.61 •. Figure 5 gives the discharge ratio versus the discharge and percent 
of time the flow is equalled or exceeded at the Lanesboro dam. 

This was felt to be a very good correlation and was used to determine 
the flow duration and monthly flow duration curves given in Figs. 6 and 7. 
Figures 6 and 7 were developed by assuming the flow duration values at the 
Lanesboro Dam to be 61 percent of the corresponding flow at Gage No. 
05384000. The average annual discharge at the Lanesboro Dam was similarly 
computed to be 207 cfs. 

The Lanesboro Dam is classified as a run-of-river since it has no 
seasonal peaking capabilities. There is a small amount of storage, 
however, which may be used for a limited amount of daily peaking. The 
advantage in daily peaking is that the turbine can be operated during low 
flows by releasing the stored water along with the river discharge during 
daily peak demand periods. The operational scheme which includes a limited 
amount of daily peaking will be proposed in Section V. 

Reservoir storage was determined from a surface area measurement given 
in Ref. [1], and a drawdown of 2 ft, which has been historia11y used during 
hydropower operation at the dam. The storage available with a 2 ft 
drawdown is 2.6 million cubic feet. 

B. Headwater and Tai1water Elevations 

The headwater elevation curve given in Fig. 8 was developed using a 
weir equation. To1tz, King, Duvall, Anderson and Associates, Incorporated, 
are presently working on a preliminary design for dam replacement or reha
bilitation. They have indicated that the crest elevation of any future 
work should not deviate drastically from the present crest elevation. 

The tai1water elevation curve given in Fig. 9 was determined from 
field observations on three field trips and some simple hand calculations 
of backwater curves. 
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V. POWER AND ENERGY 

A. Value of Power and Energy 

The City of Lanesboro is a municipal utility with its own distribution 
system and diesel fuel internal combustion engine generators, with 1296 kW 
capacity, which are currently used for standby and emergency periods. All 
other energy is currently purchased from the Dairyland Power Cooperative 
(DPC). The city does not pay a capacity charge to DPC because the.diesel 
generators are able to carry the full load of the Lanesboro distribution 
system. 

All energy produced at the Lanesboro Hydropower Plant will be used to 
offset energy purchases from DPC. The value of the hydroelectric energy is 
therefore equal to the rate at which Lanesboro purchases energy from DPC. 
Because the City of Lanesboro currently has surplus capacity, no value will 
be given to the capacity of the hydropower facility. 

During calendar year 1981 the City of Lanesboro purchased 4.32 GWH 
(4.32 million kWH) of energy from DPC at a total cost of $114,591,30. Of 
the energy costs, the substation charge of $4,3~0 was independent of the 
amount of energy used. Therefore, the variable cost of energy was 
$110,271.30 or 2.55 ¢/kWH for 1981. 

All calculations in this study are based upon 1982 dollars. Assuming 
9 percent annual escalation, the 1982 value of energy offset by hydropower 
production is 2.78 ¢/kWH. 

B. Hydropower Facility Operation 

The amount of energy generated by a hydropower facility such as the 
Lanesboro hydroplant will depend somewhat on the operational plan. Since 
the City of Lanesboro pays no demand charge to DPC, the operational plan 
recommended herein is designed to achieve a relatively continuous power 
generation within the constraints of the control systems proposed for the 
plant. The operational plan does not include daily peaking during peak 
demand periods. . 

Phone conversations with control manufacturers indicated that full 
automation of the hydroplant may be relatively expensive given the existing 
control mechanisms. This operational plan therefore assumes partial 
automation, such as installation of a sensoring device to shut down the 
hydro turbines when the water surface is drawn down to 2 ft below spillway 
crest. After shutdown, the reservoir will recharge at the river discharge 
rate. When the reservoir is fully recharged, the hydroturbine must be 
turned on manually. It is recommended that both partial and full automation 
be considered in further rehabilitation discussions with manufacturers. 
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With partial automation, an additional sensoring device should be 
intalled to' record the rate of reservoir drawdown during plant operation. 
Figure 10 has been developed so that the average rate of drawdown and the 
average kW output may be used to determine kW output for the next day. The 
operational plan is as follows: 

1. When· water is discharging over the spillway) increase kW output 
very gradually over a number of hours until spillway discharge has 
ceased. 

2. When the reservoir level is drawing down: 

a. Determine the average rate of drawdown in in./hr. 

b. Given the previous day's average kW output, use Fig. 10 to 
determine kW output setting for the next day. For example, 
if the previous day's average power was 200 kW and the draw
down rate was 1.0 in./hr, the best turbine setting for the 
next day would be 148 kW. This process would attempt to 
achieve a continuous turbine operation over 24 hours. 

c. If the kW output operation for the next day is below 140 kW, 
the turbines cannot be run continuously, and must be operated 
in a store-release mode at 205 kW. In the store-release mode, 
the turbine output is set at 205 kW until the reservoir has 
been drawn down by two feet. The turbines are then shut off 
while the reservoir is allowed to recharge. When the reservoir 
level is again at spillway crest, turbine output is again set 
at 205 kW. 

c. Power and Energy Production 

where 

The.power generated at a hydropower facility is given by the equation 

P = power output (kW) 

P = eQH 
11.81 

e = overall plant efficiency (fraction) 

3 Q = discharge through plant (ft /sec), and 

H = net head at the plant. 

headwater elevation-tailwater elevation-head losses. 

(1 ) 

The power output corresponding to .each percent exceedance on the flow dura
tion curve in Fig. 6 may be computed from the hydroplant discharge and net 
head which will occur at that river discharge, and the overall plant 
efficiency. The result is a power duration curve, and the area under the 
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power duration curve is the average annual energy production of the faci
lity 

where 

The overall plant efficiency is 

e = e e pg 

e = turbine efficiencY, and .p 

e = generator efficiency. g 

(2) 

The James Leffel, and Company supplied information on turbine performance 
versus percent ,load for the turbine of Unit'No. 1, given in the Appendix. 
Generator performance was estimated from known generator efficiencies at a 
similar design capacity and rotational speed. These efficiencies and the 
resu1 ting overall plant efficiency are gi ven in Table 1. Unit No. 2 was 
assumed to have the same performance curve, relative to percent load, as 

,Unit No. 1. The corresponding discharge for Unit No. 2 is also given in 
Table 1. A field test for overall plant efficiency was not possible 

- becaus'e both units are currently inoperable. 

The flow 'duration curve (Fig. 6), headwater and tailwater elevation 
curves (Fig. 7 and 8), the overall plant efficiency data, and the opera
tional plan given in Section V.A were used to compute the average annual 
energy production which may be expected from a rehabilitated hydropower 
facility. If Unit No. 1 is rehabilitated, the average annual energy pro~ 
duction is estimated to be 1,440,000 kWH, with a peak output of 229 kW •. At 
2.78 ¢,/kWH, the average annual income which may be expected by rehabili
tating Unit No. 1 is $40,000 in 1982 dollars. If Unit No. 2 is also reha
bilitated, the additional average annual energy production is only 222,000 
kWH, and the peak output would be increased by 136 kW. The additional 
income generated by Unit No. 2 would only be $6,172 per year in 1982 
dollars. 

Considering that Unit No.2 has not-been run since 1967, and that many 
parts of the' generator, controls, and switchgear are missing, it is highly 

,unlikely that the $6,172 estimated annual income will pay for rehabilita
tion and the addit,iona1 operation and maintenance. It is therefore r-ecom
mended that rehabilitation of Unit No. 2 not be considered further unless 
field inspection by manufacturers indicates that it may be rehabilitated at 
a very low cost. The rehabilitation cost estimates and economic analysis 
in Sections VI and VII will therefore only consider rehabilitation of Unit 
No. 1. 
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Unit No. 1 
Discharge 

(cfs) 

141.6 

127.4 

113.3 

99.1 

85.0 

70.8 

TABLE 1. Overall Turbine/Generator Unit Efficiencies 
for Unit No. 1 and Unit No. 2 

Corresponding 
Turbine Generator Overall Unit Discharge for 

Load Efficiency Efficiency Efficiency Unit No. 2 

(%) (%) (%) (%) (cfs) 

100 79.5 92.7 71.3 88 

90 87.5 93.0 79.2 79 

80 84.5 93.0 76.9 70.5 

70 80.3 92.5 73.1 61.6 

60 76.3 91.6 69.1 52.8 

50 71.0 90.6 63.8 44.0 

26 



" 

VI. REHABILITATION COST ESTIMATES 

A. Communication with Equipment Manufacturers 

Turbine/generator reha.bilitation costs are, generally difficl,1lt to 
estimate without disassembly of the unit and a detailed inspection by 
manufacturer's field service personnel. In this feasibility study there 
is therefOre a wide range of possible rehabilitation costs; which should be 
considered,before deciding whether to proceed with the detailed inspection. 
The analysis will be based upon a best case and a worst case of rehabilita
tion costs, with the likely costs falling somewhere in between. 

Three equipment manufacturers with active rehabilitation programs were 
contacted in regard to rehabilitation of the Lanesboro hydropower plant. 
Their response is as follows; 

The James Leffel and Co. 

Representatives of the Leffel Field Service Division stated by phone 
that a detailed field inspection trip would cost between $3000 and $4000. 

'After' the inspection, Leffel would give a firm quotation of r~habi1itation 
costs. 

General Electric Company 

Representatives of the General Electric Company (GE) visited the site 
on two occasions, and later sent written responses which are included in 
the Appendix. 

The first site visit resulted in general recommendations for the reha
bilitation of the facility, including 

- removal of silt from the powerhouse tailrace, 

additional (detailed) inspection of the turbine unit, 

- limited cleanup of headrace canal, and 
l 

- replacement of headrace canal headgates. 

The GE r~presentatives also noted that rehab!iitation of Unit No. 2 would 
be more extensiVe than that of Unit No. 1 because the generator and excitor 
might require rewinding. Further evaluation of Unit No. 2 rehabilitati'on 
was recommended, however. 

The second site visit resulted in 
disassembly, inspection, and repair' of 
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the thrust bearing and guide 



bearings. The quoted price varied from $13,850 to $16,850, depending upon 
the extent of bearing work required. 

Westinghouse Electric Corporation 

A site visit by a Westinghouse representative resulted. in a cost 
estimate for guide bearing and thrust bearing repair given in the Appendix. 
"The price· estimate for disassembly, inspection, .repair, and assembly was 
approximately $12,000. A fixed price will be quoted after disassembly and 
inspection, which are charged at $102/hr plus travel and living expenses. 

B. Best Case Rehabilitation Cost 

The best case includes only the cost of the plant· components which are 
known to require rehabilitation. These are (1982 base year): 

1. Replace and adjust thrust bearing 
and inspect guide bearings 

2. Clean and adjust governor 
3. Headwater Elevation Sensor and Auto-

matic Shut-off (including installation) 
4. Inspection of switchgear and transformer 
5. Limited cleanup of headrace canal 
6. Removal of silt from tailrace canal 

Total Best Case Cost 

$14,000 

2,000 

3,000 
2,000 
. 500 

3,000 

$24,500 

The repair and replacement of gates to the headrace canal are included 
in the dam integrity rehabilitation which is currently under design. They 
are· therefore not included in the cost of hydropower plant rehabilitation 
because they must be repaired regardless of the future of the hydropower 
plant. 
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C. Worst Case Rehabilitation Cost 

. The worst Case assumes that every component which, within a reasonable 
limit of probability, may need rehabilitation will have to be replaced or 
repaired. These cost estimates are (1982 base year); 

1. Replace and adjust thrust bearing 
and guide bearings 

2. Clean and adjust governor 
3. Remove turbine 
4. Rework wicket gates and linkage 
5. Replace turbine runner 

'6. Install turbine runner 
7. Rewind generator 
8. Replace switchgear and transformer 
9. Headwater Elevation Sensor and Auto

matic shut~off (including installation) 
10. Limited cleanup of headrace canal 
11. Removal of silt from tailrace canal 

Total Worst Case cost 

$ 17,000 

2,000 
75,000 
15,000 
90,000 

9,000 
16,000 
90,000 

3,000 
500 

3,000 

$320,500 

The total worst case cost is approximately the cost of entirely new 
equipment for a 250 kW hydropower plant. Since the Lanesboro hydroplant 
was operational as recently as 1978, however, the rehabilitation costs are 
likely to be closer to the best case then to the worst case. 
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VII. ECONOMIC ANALYSIS 

A. Background and Assumptions 

This section of the report will compare the benefits and costs of 
rehabilitating the Lanesboro Dam hydropower plant. Certain basic assump
tions which are required in benefit/cost analysis will be outlined before 
describing the results of the economic analysis. 

1. Economic Feasibility Indicators 

A number of economic feasibility indicators will be given herein to 
provide interested parties with information to assist in future economic 
decisions and to outline the economic advantages and disadvantages of reha
bilitation. These indicators are: 

where 

e The first year cost of power is the cost of debt service, opera
tion and maintenance, and other costs divided by the average annual 
energy production. 

o The benefit-cost ratio is the present worth of the project benefits 
divided by the present worth of the initial project costs and 
annual costs 

B/c 

Bi = 

Ci = 

OMi 

benefit 
life of 

n 
I Bi /(1+d)i 

i=O 
B/C = --------n 

I OMi /(1+d)i 
i=O 

cost ratio for a project economic 
n years, 

benefits in year i, 

initial project cost, 

operation, maintenance and replacement 
costs in year i, 

d = discount rate, and 

n = project economic life. 
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• The net present value is the present worth of project benefits 
minus the present worth of project costs: 

n 
NPV = L NBi /(l+d)i 

i=O 
(4 ) 

where NPV = net ,present value for a project economic life of n years, and 

NB. = net benefits in year i (benefits minus costs). 
l. 

NPV is an estimate of the net income or profit oVer an assumed project life 
in 1982 dollars. 

• The internal rate of return is the discount rate which would give 
zero net present value at the end of the project economic life. 

• Payback period is the number of years of power generation required 
to reach a zero net present value. 

2. As'sumptions 

The following assumptions are incorporated into the economic ana,lysis: 

o The initial project cost will be amortized over the typical period 
used in public works, 20 years. 

• Eleven percent interest and discount rate. Historically, A-rated 
tax-exempt bonds have been near the rate of inflation. The recent 
tax cuts, however, have reduced the attractiveness of tax-exempt 
bonds. Many economic analysts believe the difference between long
term rates for tax-exempt bonds and nontax-exempt financing rates 
will decrease by approximately 1. 5 percent. 3 For this reason, a 2 
percent spread between interes,t rate and escalation rate will be 
used. 

• Nine' percen't annual escalation in the value of energy and power. 
Power producing utilities in the State of Minnesota have projected 
that the value of electricity will increase at or near the rate of 
inflation' over the next 20 years. The annual increase in the 
consumer price index between 1977 and 1981 has averaged 9.9 per
cent. The CPI is currently moderating; however, most economic 
forecasters are still predicting inflation rates near 9 percent 
over the next five to ten years. 

3Donald Porter. First Boston Corporation, New York, N. Y. 
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• Annual operation, maintenance, and replacement costs in 1982 
dollars were determined from Ref. [2] to be $12,000. 

• Nine percent annual escalation in operation, maintenance, and 
replacement costs. This rate was chosen to coincide with the.pre
dicted inflation rate. 

• A one-year construction period. 

• A linear expenditure of capital during project construction. 

B. Results of Economic Analysis 

The economic indicators described above are· given for the best case 
and worst case rehabilitation costs in Table 2. A 35-year and SO-year pro
ject economic life were used. The useful life of a new hydropower facility 
is anywhere from SO to 100 years. For a rehabilitated facility, however, a 
35-year project life may be more realistic. 

For the best case rehabilitation cost the economic feasibility could 
hardly be better, with a payback period of one year and a 35-year benefit
cost ratio of 3.09. After 35 years, the anticipated savings to the City of 
Lanesboro by displacing energy purchased from Dairyland Power is $681,796 
in 1982 dollars (net present value). The internal rate of return is very 
large due to the one-year payback period. 

The economic feasibility for the worst case rehabilitation cost is 
still good, with a payback period of 11 years and a 35-year benefit-cost 
ratio of 1.62. After 35-years, the net savings in displaced energy purcha
ses is still estimated to be $385,796 in 1982 dollars. Thus the City. of 
Lanesboro stands virtually no risk in rehabilitating the hydropower plant, 
and will likely save betweert $350,000 and $700,000 (1982 base) over the 
next 35 years by displacing energy currently purchased from Dairyland Power 
Cooperative. 

Rehabilitation of Unit No. 1 (250kW) at the Lanesboro Dam hydropower 
facility is strongly recommended. 

It should be noted that the economic analysis is based upon an annual 
operation, maintenance, and replacement cost of $12,000 in 1982 dollars. 
This is an average cost of 250 kW hydroplants, but the actual cost can vary 
greatly. For the rehabilitatedhydroplant to be profitable, operation, 
maintenance, and replacement costs must be kept to a minimum. It is there
fore recommended that options for full or partial automation of the 
hydroplant be considered carefully. 
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TABLE 2. Economic Indicators for Rehabilitation of the 
Lanesboro Dam Hydropower rlant with Best Case 
and Worst Case Cost Estimates 

Rehabilitation Data 

Average Annual Energy Production (million kWH) 
Average Annual Income (1982 dollars) 
Rehabiltation Cost (1982 dollars) 
Annual Operation, Maintenance, and 

Replacement Cost (1982 dollars) 

Economic Indicators 

First Year Cost of'Power (1982 $/kWH) 
Payback Period 

35-Year Benefit~Cost Ratio 
35-Year Net Present Value (1982 dollars) 
35-Year Internal Rate of Return (Annual Period) 

50-Year Benefit-Cost Ratio 
50~Year Net Present Value (1982 dollars) 
50-Year Internal Rate of Return/Annual Percent) 
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Best Case Worst Case 

1.44 
$40,000 
$24,500 

$12,000 

0.010 
1 year 

3.09 
$681,800 

93.1% . 

3.14 
$871,309 

93.1% 

1.44 
$40,000 

$320,500 

$12,000 

0.036 
~1 years 

1.62 
$385,800 

16·.6% 

1.82 
$575,309 
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8t. Anthony Falls Hydraulic Laboratory 
Mississippi River at 3rd Avenue S.E. 
Minneapolis, Minnesota 55414 

ATTN: Mr. Bob Knowlton 

ATTENTION 
NEW MAILING ADDRESS 

The J.mes leHel & Co. 
P, O. lox 1607 

Sprlngflelel, Ohl. 45501.1601 

>----~, ---------........ -----------~--.--.'-~---
I Direct Dial I Dtlo/ 17/82 Ref, 18881-3257 

Dear Mr. Knowlton: 

We have received your letter of August 4, 1982 and the letter from the City of 
Lanesboro dated August 6, 1982. We appreciate your cooperation in this matter, 
and are pleased to provide you with the information you requested. 

The following are the efficiency and output figures as a function of load for 
two different arrangements. 

% Load 

100 
90 
80 
70 
60 
50 

Drawing No. 30396 

Out}~ut (HP) 

340 
306 
272 
238 
204 
170 

% Efficiency 

80.5 
88.6 
85.5 
81.3 
77 .3 
72.8 

-- E 't I S11 NC ... VN ") No. 1. Drawinl?! No. 30377 

0 

{ '-f I, C::. 

127.'-1 

1/3. "3 
cr/i. I 
85.0 

70B 

% Load 

100 
90 
80 
70 
60 
50 

Ouq~ut (HP) 

332 
299 
266 
232 
199 
166 

% Efficiency 

79.5 
87.5 
84.5 
80.3 
76.3 
71.0 

Also enclosed are drawings of these two arrangements. My apologies for the 
quality of the copies, but it was the best we could come up with. 

The James Leffel & Co, 
426 East Street 
Springfield, Ohio 45501 
U,S.A. 

p 

Phone 
(513) 323-6431 
Telex 
205419 

sso 
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I I' The James L(Jffel & Co, Springfl(Jld, Ohio 
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·1 

Page 2 

We trust this information will be of use to you. If you have any questions, 
please feel free to contact us. 

Sincerely, 

~~ 
Carrie Albright 
Field Sales Assistant 

cc: Alex Grier 

d rawlV\j..3 el'\c\osed 
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GENERAL"J ELECTRIC 

GENERAL ELECTRIC COMPANY 
APPARATUS SERVICE DIVISION 
August 24, 1982 

Mr. William Greunkenbyer 
City Manager 
Lanesboro, MN 

QUOTATION NO. MSS-1647 

on form FN ·872 

NOTICE This quotation on the services described below is subject to the 
terms and conditions on the face and back of th is letter, and is. void ~nless 
accepted within 15 days from date hereof, and, in the meantime, is subject 
to change upon notice. It supersedes all previous quotations and agreements 
relating to this transaction. Please refer to this quotation by number in any 
order placed with us for dt1scribed work, and address all letters to our office 

at 2025 49th Avenue North . 
Minneapolis, MN 55430-3795 

RE: 300 KW Hydro Turbine Repair 

Dear Bill: 

Our inspection of the the City of Lanesboro 300 KW turbine on 
August 2, 1982 revealed complete failure of the turbine Kingsbury 
thrust bearing. It is repairable and we submit this quotation 
for your consideration: 

1. On-site bearing disassembly and inspection. 
2. Rebabbit thrust bearing shoes and refinish thrust runner, 

OR, provide a new KV 12 Kingsbury thrust bearing, modify 
bearing housing and refinish thrust runner. 

3. On-site reassembly and alignment. 
4. Inspect, modify and test lube oil piping system. 

Price for above services-----------------------------$13,850.00. 

If the upper or lower generator guide bearings need rebabbiting 
and remachining, price for each bearing--------------$ 1,500.00. 

If the turbine water bearing needs reworking, 
price, time and material not to exceed---------------$1,500.00. 

Governor disassembly and inspection only, required repairs 
to be quoted following inspection, reassembly and test. 

Price, straight time hourly rate----------...,----------$ 
plus incurred travel and living expenses at 110%. 

47.50/manhr. 

Norma'l reul tipliers shall apply to overtime and weekend hours, 
hourly quoted work only. 

Sale of any service covered by this quotation is conditioned lipon the terms contained herein. including those on the back of this quotation. Any additional or 
different terms proPQsed by the customer are objected to and will not be binding upon the Company, unless specifically assented to in writing by the Company's 
authori~efl representative. 
Note that no implied warranty of merchantability or fitness for purpose applies and that any claim that the services described herein are a warranty or other 
obligation of the Company must be made in writing prior to, or at, tht1 time you place your order. 
Seller certifies that all goods described herein will be produced in compliance with all applicable provisions of the Fair Labor Standards Act, as amended. 
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GENERAL (Jj ELECTRIC 

GENERAL ELECTRIC COMPANY, 2621 VICTORY PARKWAY, CINCINNATI, OHIO 45206 

November 30, 1981 

st. Anthony Falls Hydraulic Laboratory 
University of Minnesota 
Mississippi River, at 3rd Avenue SE 
Minneapolis, Minnesota 55414 
ATT: Mr. Loyal Gake 

Ref: City of Lanesboro 

INSTALLATION AND 

SERVICE ENGINEERING 

DIVISION 

On Thursday November 12, 1981 Paul Soderholm, Jon Jacobsen 
and the writer, of General Electric Co., along with Mr. 
R.J. Garver of st. Anthony Falls Hydraulic Laboratory visited 
the hydro facility on the Root River at Lanesboro, Minn. for 
the purpose of evaluating the potential for rehabilitating 
the facility and to make recommendations. 

We understand that unit #1 (250KW) had generated power as 
recently as 1978 and that the plant had been shut down based 
on recommendations and concerns of the Department of Natural 
Resources because of leakage and structural problems associated 
with the headgate. Since it appears that the hydro plant was 
not shut down because of maintenance or operational problems 
associated with the turbine, the generator, the electrical 
circuits, or the water passages I believe the hydro plant 
can be returned to service with a minimum of effort and quite 
economically. 

The limiting factor in placing unit #1 back in service is the 
accumulation of silt and mud in three distinct areas. There 
is some limited accumulation of mud and trash in the area of 
the headgate from the canal into the penstock. This should 
be cleaned up and opened up to assure water passage. There 
is considerable accumulation of mud and silt and trash at the 
exit of the tailrace into the Root River and this must be 
removed to assure clear passage of water back into the river. 
The upper water passage around the turbine itself has accumu
lated about four feet of mud and silt. This must be removed 
but it would appear that it could be easily washed through 
and out the tailrace once the tailrace is cleared. This is 
not a complex operation and could easily be accomplished by 
personnel from the City of Lanesboro. 
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GENERAL ~ ELECTRIC 

City of Lanesboro 
November 30, 1981 
Page II 

Once the water passages are clear I would recommend an 
additional inspection of the turbine unit to make certain 
that the wicket gates and linkage are operable and that the 
bearings are adjusted and free, etc. Since water and mud 
did not drain through the turbine unit into the tailrace 
it would appear that the wicket gates fit tight and .in all· 
probability the turbine can be placed into operation with 
a minimal maintenance inspection and adjustment. 

Although the generator has been idle since 1978 the power
house appears to have been heated or protected and we would 
not expect that the winding insulation systems would have 
deteriorated. We would recommend a thorough test and 
inspection of the' windings to insure the integrity of the 
insulation systems, and to check the bearings, etc. to 
reassure .that the gene:r:ator is ready for service. In 
addition, the electrical circuits and control through the 
circuit breaker to the power system or transformer and all 
of the control functions including synchronizing circuits 
and voltage regulating circuits should be recheckeato make 
certain that they are functional. The governor should be 
inspected and tested tb assure it is operable. This work 
can be readily performed by.a field engineer from the General 
Electric Installation & Service Engineering Division in . 
conjunction with support from General Electric Apparatus 
Service Division as necessary." I would estimate that the 
charges for this service would not exceed $10,000.00. 

During the inspection trip we walked along the canal and 
observed its general condition. The length of canal appears 
to be about SOO yards from the headgate near the dam down 
to.the power plant. The canal banks are somewhat overgrown 
with weeds and there is some accumulation of trash and 
debris. It would prohably be wise to make a limited cleanup 
of the canal· to assure better flow. conditions. After unit '#1 
is returned to service further examination of water flow 
conditions through the canal maybe necessary to make certain 
there'is no restriction of the water flow. 

The headgates at the head of the canal appear to be in very 
poor condition and probably should be removed. We'understand 
that a separate study is currently'being conducted to eliminate 
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City of Lanesboro 
November 30, 1981 
page IiI 

leakage around the emergency spillway at the head of the 
canal. It would seem logical to install a new headgate.or 
stop-log slots in the narrow portion of the canal at the. 
downstream end of the emergency spillway and the railway 
trestle support foundation. 

The headgate structure for unit #1 appears to be in fair 
condition. Some of the wood members on the gate would be 
replaced, but the mechanism appears sound. The trash racks 
~ppear to be in good condition. There is evidence of some 
spalling around the stop-log slots on the outside of the 
trash racks. We would recommend that attention be given to 
the headgate prior to going into the upper water passage of 
the turbine for obvious safety reasons. 

Except for a casual observation of the unit #2 generator, 
excitor and governor mechanism we made no attempt to evaluate 
its serviceability. This unit has been out of service for 
a good many years and appears to be silted in,in the area 
of the headgates; the tailrace and in all probability in and 
around the turbine. Based on the observations on unit #1, 
I would expect that unit #2 could also be placed back in 

'. service. I would not expect that the mud and accumulation 
of silt would present any major problem. I would expect, 
however, that the rehabilitation of the turbine would be 
more extensive and the generator and excitor might require 
rewinding. A preliminary review of the flow duration curve 
would indicate that the rehabilitation of unit #2 should not 
be overlooked since it could provide additional generation 
for about 25% of the time when the flow exceeds the capacity 
of unit #1 and for approximately 25% of the time when the 
flow is less than the expected minimum operating level on 
unit #1. A hasty calculation would indicate that the avail
ability of unit #2 would be worth approximately $10,000.00 
per year. We would recommend that after unit #1 is returned 

'to service the silt and debris be cleaned out of the, water 
passages on unit #2 and the cost of rehabilitating the 
equipment be evaluated.' 
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We would appreciate the opportunity of working with the 
City of Lanesboro in the rehabilitation of their facility 
and would be pleased to develop a proposal that would meet 
their requirements. 

/.J./~/( 
L.D. Larson, Manager 
Hydro Projects-Central Service Dept. 

cc: Paul Soderholm 
. Jon Jacobsen 

Ju;n Ikuta 
W.V. Schoof 

EUSD 
ASBD 
I&SE: 
EUSD 
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Westlnghbuse 
Electric Corporation 

Lanesboro Public Utilities 
Box 333 
Lanesboro, Minnesota 55949 

Attention: Bill Grunkemeyer 

Industry Services 
Divisions 

Subject: ® AC Generator Serial 4199656 Bearing Repair 

Gentlemen: 

• 
Apparatus SerVice Division 
Plant Services 

9300 Evergreen Blvd 
Minneapolis,Minnesota 
55433 

August 24, 1982 

Westinghouse is pleased to quote the following on subject bearing. 

Our repair price includes repair to the following items: Runner, four shoes, 
stand pipe, upper guide bearing and lowe.r guide hearing. This 1s an as t1ma te only. 
After unit is disassembled and inspeet, a fixed price will be quoted. 

Price estimate $5900.00 

Our price estimate does not include anyon-site work for disassembly or assembly. 

If you wish ® to dismantle and assemble unit, we will be happy to provide the 
necessary manpower on a time and material basis at the following rate. 

Service engineer $60.00/hr 
Mechanic. $42.00/hr 

PIUB traveling and living expenses. For estimating purposes, Wl' wouldest.imat's the 
the need of 'one engineer and one mflC.banic for two days for disas8t:~mbly and three 
days for assembly. 

If you wish to 'provide the labor. we could provide the engi.neer only for techn:J,cal 
assistance at $60.00/hr plus expenses. 

We propose to perform the work described above, subject to the T(~rms and Condition8 
set forth above and on the reverse side hereof. Notice of objection to llny 
different or a<;lditional Terms and Conditions is hereby given. 

If you have any questions, please contact me at 612-780-3234. 

Very , 
rJ ' 

.// II 
'\ \1 C:>< .\ 

truly yours, 

(. 
'I /.1 

" ./. [/ 
,I ,,: ... /'_ J(~: ·-r1 

R • \ <J. Drea1an 
APPARATUS SERVICE SALES 
/b 
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