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I. INTRODUCTION 

The Minnesota Falls Dam is located on the Minnesota R.iver near Granite 
Falls, Minnesota. The existing dam and 'powerhouse were originally cc;m
structed in 1905 by the Minnesota Valley Power Company. The ownership of 
the dam and powerhouse has been" transferred' and the current owner is 
Northern States Power Company. The generation of electric power was 
discontinued and the powerhouse demolished in 1961. The purpose of this 
study is to estimate the cost of redeveloping the hydropower potential of 
the l1innesota Falls Dam, and the energy and power' that a hydropowerfaci-
1i ty wouid produce. The economic analysis required to determine project 
feasibility will be undertaken by the sponsor. 

Authorization to begin this study on the Minnesota Falls Dam was given 
Oct,ober 27, 1980, by the Northern States Power ,Company, Minneapolis, 
Minnesota. 

The 'study includes a hydraulic and hydrologic analysis of the site to 
determine the available power and energy. The core of the study is pro
posed development alternatives which include preliminary layouts, project 
cost estimates, and the' estimated power production of each alternative. 
The development alternatives are evaluated and compared with relative cost, 
an indicator of the cost of power. Relative cost is the total initial pro
ject cost divided by the expected annual energy production and may be con
ceptually defined as the value at which the energy must be sold to payoff 
theprojeet ,in one year. ' 
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II. SUMMARY AND CONCLUSIONS 

The Minnesota Falls Dam- MN00152 is located on the Minnesota River, 
three river miles downstream from Granite Falls, Minnesota, in Section 1, 
Township 115 north, Range 39 west. The dam is approdmately 253 river 
miles from the mouth of the Mississippi River in ~1inneap()lis, Minnesota. 
The site location is given in Fig. 1. 

Prior to 1961 a 780 kW hydroelectric plant was in operation at 
Minnesota Falls. This facility, as shown in Fig. 2, consisted of a power
house, a headrace canal of approximately 170 ft and two control structures, 
the existing trashrack and stop-log structure, and a gated archway. 

The 20 year average energy production as of 1957 was 2.5 GWH 
annually, and that year's energy production was 2.52 GWH. By 1960, the 
year prior to the power facility's demolition, the annual energy production 
had dropped to 89,600 KWH (0.09 GWH) with a net loss of $10,000 per year. 
Due to this poor economic return, the hydropowr facility was taken out of 
commission and demolished in 1961. 

The head race canal, powerhouse, and an associated fishway were demo
lished in 1961. The canal was destroyed by removal of the riverward wall. 
The powerhouse was raised to its foundation. The remains of this structure 
are the floor of the turbine pit indicated by the 500 kW and 280 kW turbine 
runner rings in Fig. 7. The only electrical equipment on the site are 
three 200 kVA Maloney transformers which are used by NSP to step down a 23 
kV line to a 4 kV rural distribution line. 

The dam is used today for the sole purpose of supplying cooling water 
f or Northern State Power Company's steam electric plant, 1. 5 miles up
stream. 

The Minnesota Falls Dam is classified in the small she category as 
defined in the "Recommended Guidelines for Safety Inspection of Dams" 
published by the U.S. Army Corps of Engineers. The dam has also been given 
a high hazard classification since there are eight residences located on 
the righ bank approximately one mile downstream, and the undeveloped upper 
Sioux State Park nine miles downstream. A National Safety Program 
Inspection Report [1] 1 completed in October, 1978, concluded that the dam 
does not pose a significant safety hazard. 

3 The Minnesota Falls site has an average annual flow of 704 ft /sec and 
a net head of approximately 18 ft. The existing impoundment extends to the 

1Numbers in brackets indicate references on page 32. 
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Granite Falls Dam, 3.7 miles upstream. The pond has approximately 560 
acre-ft of total reservoir storage with a surface area of 150 acres [2]. 
There exists approximately 175 acre-ft of storage from the top of the 
flashboards to the rock spillway crest, which may be used for peaking by a 
hydropower facility. 

Estimates of the project cost and annual energy production of five 
hydropower development alternatives are compiled. The development alter
natives consist~d of various sizes and types of turbines, since the 
powerhouse location with the best economic return was apparent. The loca
tion of the powerhouse was chosen to minimize construction costs and gain 
approximately 2 ft of head. It will be placed in the same location as the 
demolished powerhouse. The 175 ft canal wall would be rebuilt with earth
fill placed between the bedrock ledge and the retaining wall. 

The development alternatives are evaluated and compared with relative 
cost, an indicator of the cost of power. Relative cost is the total ini
tial project cost divided by the expected annual energy production and may 
be conceptually defined as the value at which the energy must be sold to 
payoff the project in one year. The lowest relative cost alternative wili 
generally have the best economic feasibility. 

Of the five development alternatives considered, Alternative B has the 
lowest relative cost of $.52/kWH (1982 base year). Alternative B utilizes 
two Mini-Tube2 units with runner diameters of 72 and 48 inches. The 
Mini-Tube units have a fixed blade propeller turbine which operate at only 
one flow for a given net head. Preliminary powerhouse layouts are given in 
Figs. 16, 17, and 18. The 72 and 48 inch units have design ~ischarges of 
525 and 235 cfs, respectively, at a design head of 19 ft. Full scale out~ 
put for the two units is 840 kW. The average annual energy production for 
Alternative B is estimated to be 2.95 GWH. Total initial project cost was 
estimated at $1,539,000 (1982 base year). . 

2Trade mark of Allis-Chalmers, Inc. 
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III. SITE CHARACTERISTICS AND EXISTING FACILITIES 

A. Site Description and Location 

The Mi~nesota Falls Dam MN00152 is located on the Minnesota River, 
three river miles downstream from Granite Falls, Minnesota, in Section 1, 
Township 115 north, Range 39 west [1]. The dam is approximately 253 river 
miles from the mouth at the Mississippi River in Minneapolis, Minnesota. 
The site location is given in Fig. 1. 

The existing dam is a consolida,tion of various types of structures 
which are separated by rock outcroppings across the river valley. The com
ponents (from right to left) consist of: 

(1) a 175 ft long earth embankment with atop width of 27 ft and an 
average height of 4 ft. 

(2) a 72 ft long concrete masonry fixed crest gravity dam. 

(3) a rock masonry flashboard section, 235 ft in length. 

(4) a control structure consisting of three stop-log sections: two 
9 ft wide end bays and one 10 ft center bay. The total length of 
the control structure (including the rock outcrop) is 45 ft. 

(5) an earthen plugged gated archway approximately 13 ft wide and 
9 ft high. 

The overall length of this structure is approximately 600 ft with a maximum 
height of 18 ft. A site plan and dam cross section are given in Fig. 2. 
Photographs of the site are given in Figs. 3, 4, 5, 6, 7, and 8. 

Prior to 1961 a 780 kW hydroelectric plant was in operation at 
Minnesota Falls. This facility, as shown in Fig. 2, consisted of a 
powerhouse, a headrace canal of approximately 170 ft and two control 
structures, the existing trashrack and stop-log structure, and a gated 
archway. The gated archway was replaced in 1958 with a sand and gravel 
dike as shown in Fig. 2. 

The headrace canal, powerhouse, and an associated fishway were demo
lished in 1961. The canal was destroyed by removal of the riverward wall. 
The powerhouse was raised to its foundation. The remains of this structure 
are the floor of the turbine pit indicated by the 500 kW and 280 kW turbine 
runner rings in Fig. 7. The only electrical equipment on the site are 
three, 200 kVA, Maloney transformers which are used by NSP to step down a 
23 kV line to a 4 kV rural distribution line [4], as shown in Fig. 8. 
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Fig. I. Location of Minnesota Falls Dam on U.S.G.S. Quandrangle Map. 
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Fig. 3. View from existing stop-log section showing the rock 
masonry flashboard section and fixed crest spillway. 

Fig. 4. View from right bank showing the fixed crest 
gravity dam. 
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Fig. 5. View from left bank showing the stop-log 
control structure. 

Fig. 6. Downstream view of stop-log structure. 
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Fig. 7. Runner rings of the original 280 kW and 500 kW 
Francis turbines. 

Fig. 8. View of the Minnesota Falls substation which 
reduces the 23 kV line to a 4kV rural 
distribution line. 
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The dam is used today for the sole purpose of supplying cooling water 
for Northern States Power Company's steam electric plant, 1.5 miles 
upstream [1]. 

The existing impoundment extends to the Granite Falls Dam, 3.7 miles 
upstream. The pond has approximately 560 acre-ft of total reservoir 
storage with a surface area of 150 acres [2]. There exists approximately 
175 acre-ft of storage from the top of the flashboards to the rock spillway 
crest, which may be used for peaking by a hydropower facility. 

B. Historical Background 

The construction of a hydroplant at .Minnesota Falls was started in 
1904 and completed in 1905 [2]. This piant was built by the Sorlien Bros., 
Olaus Lende and a Mr. Aspness [3], who formed the Minnesota Valley Power 
Company. The plant consisted of a 250 kilowatt, 3 ph., 60 cycle, 2300 v, 
Electric Hachinery Co. horizontal generator driven by a S. Morgan Smith 350 
hp turbine consisting of 3 pairs of 21 inch wheels [2]. 

On June 1, 1917, Northern States Power Company purchal;led this power 
company along with the Renville County Electric Company, . the Northwest 
Light and Power Company, and the Hutchinson Lighting and Manufacturing 
Company. After purchasing the facility, they installed a 280 kW unit in 
1916 and a 500 kW unit in 1923 [2], thereby increasing the facility's peak 
power production to 1030 kW. The original S. Morgan Smith turbines were 
dismantled in 1942. This reduced the maximum capacity to 780 kW,which the 
facility operated at until its de~olition in 1961. 

The 20 year average energy production as of 1957 was 2.5 GWH annually, 
and that year's energy production was 2.52 GWH. By 1960, the year prior to 
the power facility's demolition, the annual energy· production had dropped 
to 89,600 KWH (0.09 GWH) with a net loss of $10,000 per year. Due to this 
poor economic return, the hydropower facility was taken out of commission 
and demolished in 1961 [4]. 

C. Dam Integrity 

The Minnesota Falls Dam is classified in the small size category as 
defined in the "Recommended Guidelines for Safety Inspection of Dams" 
published by the U.S. Army Corps of Engineers. The dam has also been given 
a high hazard classification since there are eight residences located on 
the right bank approximately one mile downstream, and the undeveloped upper 
Sioux State Park nine miles downstream. A National Dam Safety Program 
Inspection Report [1] completed in October, 1978, made the following 
observations: 

(1) The dam is located near a sharp bend in the river where an exten
sive right overbank area exists between the main channel and high ground. 
The overbank channels carry an increasing portion of the stream flow as 
flood heights increase. During the record flood of 1969 it is estimated 
that less than one-fourth of the stream flow was pasl;ling over the dam. 
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Under these circumstances the discharge capacity of the dam is considered 
adequate. 

(2) There is no documented operating plan; however, operation con
sists of removing stop-logs to permit replacement of flashboards late in 
the summer. Flashboard removal prior to a major flood occurs sautomati
cally by failure of the supporting pipes. Because of the limi ted and 
simple nature of the operation, the lack of a documented operating plan is 
not considered a safety hazard. 

(3) With the exception of some minor deficiencies, the features of 
the dam related to dam safety are considered adequately maintained. Since 
the dam is a vital segment of a regional power generating facility, con
tinued maintenance is assured. 

(4) There is some minor seepage mainly through. the concrete masonry 
section of the dam and to a lesser extent through the granite masonry sec
tion. Also there is evidence of some seepage beneath the right earth em
bankment. However, there is no evidence of uncontrolled seepage, piping, 
or deterioration of the structures resulting from the seepage. 

(5) The quality of the mass concrete in the gravity concrete section 
of the dam appears to be satisfactory as does the concrete cap and mortar 
in the granite masonry section. Portions of the superstructure of the 
stop-log section as well as the downstream retaining wall a~e badly eroded 
and weathered. 

(6) The dam at Minnesota Falls does not have any major structural 
defects and shows no signs of potential structural failure. It has sur
vived large flood flows which have resulted in ~ypassing of the entire 
structure with no signs of distress. Stability computations indicate a 
safe condition, although the factors of safety are not large enough, in 
some cases, to satisfy current dam safety criteria. 

(7) There are three stop-log bays equipped with 
logs having a total height of approximately 11 feet. 
hoisting equipment appeared to be in good condition and 
the time of the inspections. 

steel I beam stop
The stop-logs and 

w~re operational at 

(8) There are two large arched openings at the bottom of the river 
within the granite masonry section. These two openings are generally semi
circular (about 6 ft in diameter) and are apparently plugged at the up
stream face of the dam. They were probably used to pass low flows during 
the construction of the dam and were left in their present condition for 
possible use during major maintenance. It is not known how securely they 
were plugged, but the upstream channel bottom is covered with silt extend
ing approximately 5 ft above the top of the arches. Possible failure of 
either of the plugs or the arches appears to be remote and their existence 
probably does not pose a safety hazard. 

(9) The Granite Falls Dam is located 3.7 miles upstream, and the dam 
break flood wave generated by failure of this dam would be only partially 
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attenuated at the Minnesota Falls dam. The impact of the wave on the 
latter dam would be the greatest if the Granite Falls Dam failure occurred 
at bankfull stage. However, under this condition, the initial wave height 
upstream would be on the order of 3 to 4 ft and the attenuated wave at 
Minnesota Falls would probably not cause a shock type failure. Failure at 
the Granite Falls Dam at flood stage would generate a wave estimated to be 
4 to 5 feet, but the greater attenuation of the wave within the inundated 
flood plain and ,the diminished head differential at Minnesota Falls would 
probably produce minimal stresses on the dam. 

(10) At the time the hydroelectric power plant was demolished, a 
gated archway entrance to the forebay area at the left abutment of the dam 
was plugged with earth embankments on the upstream and downs tream sides. 
The top of· these embankments have been extensively eroded by flood flows. 

In addition, the Safety Inspection Report [1] made the following 
recommendations: 

(1) That a formalized program of periodic inspection and maintenance 
be initiated in view of the advanced age of the structure. 

(2) That the interior of the arches should be inspected by the owners 
at an opportune time. It is not felt that a problem exists, but an inspec
tion is still desirable. Repairs of the concrete surface at the control 
structure would improve its appearance but is not necessary from a safety 
standpoint. 

(3) That appropriate safeguards be established to prevent encroach
ment on the natural flow capacity of the overbank area. 

(4) That the earth embankments of the gated archway be restored and 
protected with suitable revetment. 

(5) That there be no further study of the upstream dam break problem. 
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IV. HYDRAULICS AND HYDROLOGY 

A. Flow Duration and Reservoir Storage 

The Minnesota Falls Dam MN 00152 is 3.7 miles downstream from the 
Granite Falls Dam. The discharges at the site were calculated using the 
following technique. 

o 

o 

o 

2 
Minnesota Falls Dam MN00152 has a drainage area of 6,370 mi • 

USGS Gage /105311000 (Minnesota River at Montevideo, 'ibout 15 miles 
upstream of dam site) has a drainage area of 6,180 mi • 

USGS Gage 1105325000 (Minnesota River at Ma2kato, about 105 miles 
downstream) has a drainage area of 14,900 mi • 

Since the drainage area of Minnesota Falls Dam is close to that 
of USGS Gage /105311000, the flow duration curve is calculated as 

Qi(at the dam site) = 6370 Q (USGS Gage 1105311000) 
6180 

1.03 Qi(USGS Gage 1105311000) 

where Qi flow which is exceeded i% of the time, i. e. 

QlO = flow which is exceeded 10% of the time. 

Application of the above formula gives the following values: 

Minimum flow - no flow for several days in 1933-i934, 1936. 
Maximum flow on April 12, 1969 - 36,153 cfs. 
Average annual discharge, 68 ye'ars of record - 704 cfs. 

A flow duration curve for the Minnesota Falls Dam is given in Fig. 9. Flow 
duration curves were also computed for each month over the period of 
record. The resul ts are summarized and presented on Fig. 10. This figure 
indicates a noticeable annual fluctuation in flow over a range of 
exceedence levels. 

The dryest year of record occurred in 1934 with an average annual 
discharge of 4.4 cfs. The wettest year was experienced in 1952, with an 
average discharge of 2260 cfs. 
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The Minnesota Falls Dam is classified as run-of-river since it has no 
seasonal peaking capability. There is a limited amount of storage, which 
could be used for daily peaking. This storage has been estimated to be 175 
acre-ft, if 1.2 ft (the flashboard height) can be used for a store release 
opera t io'n. 

The reservoir behind the Minnesota Falls is approximately 3.7 miles in 
length with a mean depth of 4 ft. A surface wave will transverse the 
reservoir in approximately 28.7 .minutes • This means that the reservoir 
water surface may be assumed level during drawdown since the time of travel 
for a disturbance is small compared to the time scale of intere$t ~or 
peaking. 

Reservoir storage was determined by calculations on the cross
sectional areas given in Ref. 5. The results obtained are not reliable 
because important cross sections were not available. Therefore, the reser
voir storage available for peaking was estimated using the water surface 
area and assuming 1 ft of storage for peaking available as mentioned above. 
Over a 12 hour peaking period, a reservoir drawndown of 1. 2 ft would add 
175 cfs to the flow available for power production. 

B. Headwater and Tailwater Elevations 

The headwater elevation curve given in Fig. 11 Was developed using the 
weir equation and the Rehbock formula for weir coefficient [6]. Headwater 
elev'ation is assumed to be at flashboard crest when river discharge is 
equal to or below turbine design discharge. 

The tailwater curve given in Fig. 12 is the property of Northern 
States Power Company. It was determined from measurements during hydro
power operation in 1952. As specified in the contract for this study, the 
existing NSF. curve was used for the tailwater elevation. Measurements 
taken during operation of a hydropower facility will usually give an 
accurate tailwater elevation curve for normal flows. 

C. Spillway Design Flood 

The dam is located near a sharp bend in the river where an extensive 
right overbank area exists between the main channel and high ground. The 
overbank channels carry an increasing portion of the stream flow as flood 
heights increase. During the record flood of 1969, it is estimated that 
less than one-fourth of the stream flow was passing over the dam. At 
maximum pool and tailwater elevations, the discharge capacities of the 
ungated spillway and gate structure are approximately 9000 cfs and 1000 
cfs, respectively. At normal pool elevation the gate structure capacity is 
approximately 2000 cfs [1]. 
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V. PROJECT DEVELOPMENT ALTERNATIVES 

In this section, the costs and expected annual energy production of 
five development alternatives for the Minnesota Falls hydropower facility 
are considered. Project development alternatives were formulated in the 
following manner: 

• Once the hydraulic and hydrologic analysis was performed, the first 
step in choosing development alternatives was to determine which 
types of hydroturbines are most applicable to the site. Turbine 
and generator manufacturers were then contacted to obtain cost 
estimates of specific turbine/generator units, since. they are the 
major equipment item in a hydropower facility. Turbine performance 
curves were also obtained. 

, 
o The expected annual energy production was computed for a strict 

run-of-river operation using flow duration, headwater and tailwater 
information, and turbine, generator, and speed increaser perfor
mance curves. 

• The 14" flashboards were assumed to be up only at river discharges 
which were less than hydropower facility design discharge. G"ltes 
may be installed to utilize the flashboards a greater percent of 
the time; however, the corresponding increase in annual energy pro
duction would be small. 

• The minimum flow required at all times 
considerations) was assumed to be 60 cfs, 
exceedance level on the flow duration curve. 

(for environmental 
at the 85 percent 

o Construction costs were estimated on the basis of unit costs 
applied to preliminary layout drawings. Construction cost esti
mates included facility structural costs as well as diversion, 
removal, and excavation costs. A 25 percent contingency allowance 
was added to cover smaller items and possible omissions. A 10 per
cent profit factor was also included in the total civil works cost. 

o Freight and installation estimates for turbines and generators were 
based upon manufacturer's recommendations. 

• Electrical equipment costs were estimated based upon information 
obtained from a well-known generator/switchgear/controls manufac
turer. Electrical equipment costs include switchgear, transformer, 
control switchboard, circuit breakers, wire and cable system, con-
duit, grounding, and lighting. I 

,. It is anticipated that the site will be completely automated with 
water level sensors, automatic start and stop, and a digital 
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controller. With this type of automatic control, the only remote 
communication reql)ired is an operating status indication through 
telephone lines. The control equipment costs were estimated from 
guidelines in Ref. [8]. The 1978 cost base was escalated to 1982 
according to the Consumer Price Index. 

o Miscellaneous power plant equipment costs were estimated according 
to guidelines in Ref. [7]. Equipment for ventilation, fire protec
tion, communication, and turbine/generator bearing cooling water 
are included in this category. The cost estimates include 15 per
cent for freight and installation. The July 1978 cost based was 
escalated to July 1982 according to the Consumer Price Index. 

• A multiplier of 20 percent was applied to the total cost of the 
above items for engineering, construction management, and other 
costs [7]. These costs include expenditures for license and permit 
application, preliminary and final design, construction management, 
and administration. 

The location of the powerhouse was chosen to minimize construction 
costs and gain approximately 2 ft of head. It will be placed in the same 
location as the demolished powerhouse. The 175ft canal wall would be 
rebuilt, with earthfill placed between the bedrock ledge and the retaining 
wall, as shown in Fig. 2. Riprap will armour the earth fill. A plan view 
of this layout is shown in Fig. 13. Each development alternative con
sidered utilized a horizontal tubular unit, a combination of Mini-Tube 
units, or a combination of a horizontal tubular unit and a Mini-Tube unit. 

The tubular units considered have an adjustable blade propeller runner 
and fixed guide vanes. The propeller. blade angle is varied in order to 
operate over a range of flows. Included with each unit is a hydraulic 
cylinder operated intake gate, a synchronous generator, an electrical 
control cubicle, a speed increaser, and a hydraulic pressure unit. The 
Mini-Tube units considered use a fixed-blade propeller turbine with fixed 
guide vanes. For each value of net head, the unit has only one operating 
flow. The unit is therefore either "on" or "off." Other equipment 
included with these units are: a hydraulically operated intake gate, a 
speed increaser, an induction generator and switchgear, a transformer, a 
high voltage SWitch, and a metering cubicle. 

A. Alternative A: One 2250 rom Variable Blade 

Alternative A utilizes one 2250 rom tubular unit, as described above, 
with a design discharge of 953 cfs and a minimum discharge of 318 cfs at 19 
ft of head. Full scale output is 1.0 ~M. Plan and section views of a pre
liminary layout are given in Figs. 14 and 15. 

The cost estimates for Alternative A are as follows: 
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1982 Base Year 

Turbine/Generator Package 
Construction 
Electrical Equipment 
Miscellaneous Plant Equipment 
Installation and Freight 
Automatic Controls 
Engineering, Construction Management, etc. 

Total Initial Cost 

$ 780,000 
504,000 
220,000 

75,000 
158,000 
80,000 

364,000 

$2,181,000 

The average annual energy production for Alternative B is estimated to be 
3.20 GWH (3.20 million KWH). 

B. Alternative B: Two Fixed-Blade Units 

Alternative B utilizes a 72 inch Mini-Tube and a 48 inch Mini-Tube, as 
described above, with design discharges of 525 cfs and 235 cfs, respec
tively, at a design head of 19 ft. This alternative produces a full scale 
output of 840 kW. Plan and section views of a preliminary layout are given 
in Figs. 16, 17, and 18. 

The cost estimates for Alternative B are as follows: 

1 
2 
3 
4 
5 
6 

Turbine/Generator and Electrical Equipment 
Construction 
Miscellaneous Plant Equipment 
Installation and Freight 
Automatic Controls 
Engineering, Construction Management, etc. 

Total Initia~ Cost 

$ 641,000 
327,000 

71,000 
168,000 

80,000 
252,000 

$1,539,000 

The average annual energy production for Alternative B is· estimated to be 
2.95 GWH. 

C. Alternative C: One Fixed Blade and One Variable Blade Unit 

This alternative utilizes the 72 inch Mini-Tube discussed in 
Alternative B, and a 1250 nun tubular unit. The 1250 nun turbine has a maxi
mum discharge of 268 cfs, and a minimum discharge of 88 cfs at a design 
head of 19 ft. The maximum output of this combination is 870 kW. Plan and 
section views of a preliminary layout are given in Figs. 17 and 19. A sec
tion view of the 1250 nun tubular unit would be similar to, although smaller 
than, that given in Fig. 15. 

The cost estimates for Alt~rnative C are as follows: 
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Fig. 16. Plan view of Alte~native B: one 72 inch fixed blade unit and 
one 48 inch fixed blade unit. 
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Fig. 19. Plan view-of Alternative C: one 1250 mm variable blade unit 
and one 72 inch fixed blade unit. 
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Turbine/Generator and Electrical Equipment 
Construction 
Electrical Equipment 3 
Miscellaneous Plant Equipment 
Installation and Freight 
Automatic Controls 
Enginering Construction Management, etc. 

$ 920,000 
472,000 
81,000 

75,000 
208,000 

80,000 
367,000 

Total Initial Cost $2,203,000 

The average annual energy production for Alternative C is estimated to be 
3.18 GWH. 

D. Alternative D: One 2500 mm Variable Blade Unit 

This alternative employs the largest tubular unit sizes for the site. 
The unit has a design discharge of 1165 cfs and minimum discharge of 388 
cfs at a design of 19 ft. This unit would develop a maximum output of 1.15 
MW. The facility layout is similar to that given for the 2250 mm unit in 
Figs. 14 and 15. 

The cost estimates for this alternative are: 

1 
2 
3 
4 
5 
6 
7 

Turbine/Generator Package 
Construction 
Electrical Equipment 
Miscellaneous Plant Equipment 
Installation and Freight 
Automatic Controls 
Engineering, Construction Management, etc. 

Total Initial Cost 

$ 905,000 
513,000 
300,000 

78,000 
181,000 

68,000 
409,000 

$2,454,000 

The average annual energy production for Alternative D is estimated to be 
3.49 GWH. 

E. Alternative E: One 2000 mm Variable Blade Unit 

Alternative E utilizes a 2000 mm tubular unit with a design discharge 
of 742 cfs and a minimum discharge of 247cfs at a design head of 19 ft. 
This unit would develop a maximum output of 810 kW. The facility layout is 
similar to that given for the 2250 mm unit in Figs. 14 and 15. 

The cost estimates for this alternative are as follows: 

3Switch yard equipment not included with 1250 package. 
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Electrical Equipment 
Miscellaneous Plant Equipment 
Installation and Freight 
Automatic Control Equipment 
Engineering, Construction Management, etc. 

Total Initial Cost 

$ 637,000 
410,000 
288,000 

69,000 
133,000 

68,000 
321,000 

$1,926,000 

The average annual energy production for Alternative E is estimated at 2.87 
GWH. 

F. Other Development Alternatives 

There are other turbine manufacturers marketing turbines in the United 
States which are applicable to the Minnesota Falls Dam. Axel-Johnson, Inc. 
(kMW unit), Kraerner-Hoss (Sorumsand-Verksted unit), the James Leffel and 
Co" Dominion Bridge-Sulzer, Voest-Alpine, ann Nissho-Iwa are all marketing 
tubular units with standardized designs which are compatible with Alter
natives A, C, D, and E. The Neyrpic right-angle drive units, manufactured 
in the United States by· Hydro Energy Systems, Inc., are a fixed-blade pro
peller turbine designed to fulfill the same market as the Allis-Chalmers 
Mini-Tube Units. The right-angle drive unit may be included; however, the 
configurat:I.on .wou1d differ significantly from that given in Figs. 17 and 
18. These manufacturers should be contacted during later stages of project 
development. 

A number of generator manufacturers also respond to requests for bids 
on hydroelectric projects. In this case, the generator manufacturer would 
submit a bid in conjunction with one of the turbine manufacturers mentioned 
herein. Three generator manufacturers who have made bids for low-head 
hydroelectric developments are General Electric, Brown Boveri, and 
Westinghouse. 

G. Comparison of Project Development Alternatives 

The project development alternatives are compared in Table 1. Average 
annual energy production was computed as described at the beginning of 
Section VIII. Project relative cost is the ratio of initial project cost 
and average annual energy production. The lowest project relative cost 
will usually give the best benefit/cost ratio. By this criteria, 
Alternative B will give the best return of the alternatives considered 
herein. 

The economic return of the project will not be calculated herein as 
per the contract between the Northern States Power Company and the St. 
Anthony Falls Hydraulic Laboratory. 
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TABLE 1. Comparison of Initial Project Cost, Average 
Annual Energy Production, and Project Relative 
Cost for all Project Development Alternatives 

1982 Average Annual Project 
Initial Project Energy Production Relative 

Alternative Cost ($) (GWH) Cost $/KWH 

A 2,181,000 3.20 .68 

B 1,539,000 2.95 .52 

C 2,203,000 3.18 .69 

D 2,454,000 3.49 .70 

E 1,926,000 2.87 .67 
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