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PERTINENT DATA

LOCK AND DAM 8, GENOA, WISCONSIN

Normal upper pool (feet) Elevation 631.0

Normal minimum tail water (feet) Elevation 620.0

Nominal lift (feet) 11.0

USGS gage number 05-3785

Location Winona, Minnesota

Gage drainage area (square miles) 59,200

Project drainage area (square miles) 64,770

Project pool area (acres) 20,800

Maximum flood flow (April 1965) (cfs) 274,000

Average flow (cfs) 28,900

Median flow (cfs) 20,200

Minimum flow (August 1934) (cfs) 3,300

Roller gates (80 by 20 feet) 5

Top of roller gate sill (feet) Elevation 611.0

Tainter gates (35 by 15 feet) 10

Top of tainter gate sill (feet) Elevation 616.0

Top of earth dike (feet) Elevation 639.5

Top of lock wall (feet) Elevation 639.0

Flood crest, pool (April 1965) (feet) Elevation 639.18

Flood crest, tail water (April 1965) (feet) Elevation 638.38

PROPOSED HYDROPOWER PLANT

Option
10 units 12 units 16 units

Total nameplate capacity (kW) 8,750 10,500 14,000

Dependable capacity (kW) (July-August) 6,400 7,300 8,000

Dependable capacity (kW) (December-January) 7,700 8,700 9,300

Plant factor .61 .58 .51

Average annual energy (MWh) 46,600 53,200 62,300

Construction first cost ($1,000) 26,280 - -

Benefit-cost ratio 1.28
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UNIT DESIGN PARAMETERS

Turbine type Horizontal propeller

turbine with adjust-
able blades

Runner diameter 118.1 inches (3.0 meters)
Design head 9.5 feet (2.9 meters)
Minimum head 3.3 feet (1.0 meter)
Design flow 1,260 cfs/unit
Generator nameplate capacity 875 kW
Turbine efficiency 

.89
Speed increaser efficiency 

.99
Generator efficiency 

.98
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RECONNAISSANCE REPORT

FOR HYDROPOWER

LOCK AND DAM 8

MISSISSIPPI RIVER

NEAR GENOA, WISCONSIN

SYLLABUS

"\his report presents a preliminary evaluation of the addition of

hydropower at the existing navigation lock and dam 8. The study shows

that installation of a hydroplant with 8,750 kW (kilowatt) nameplate

rating is economical. Pertinent data concerning the site and potential

hydropower installations are'ehwn-on the facing page:

Severe environmental impacts are not necessarily associated with

construction of a plant of the sizes investigated despite the proximity

of the lock and dam to an environmentally sensitive area. Hydropower is

one of the most ecologically sound means of producing electricity because

it uses a nonpolluting, renewable energy source - water flow - allowing

nonrenewable energy sources to be conserved.

The energy available at lock and dam 8 can be an important contribu-

tion to our Nation's energy independence. An 8,750-k1 system would

produce an average energy equivalent of 85,000 barrels of oil or 24,000

tons of coal per year.

The District Engineer recommends that the Corps of Engineers prepare

a feasibility report which can aerve as a basis for congressional authori-

zation for hydropower plant construction at lock and dam 8.
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RECONNAISSANCE REPORT

FOR HYDROPOWER

LOCK AND DAM 8

MISSISSIPPI RIVER

NEAR GENOA, WISCONSIN

STUDY AND REPORT

SCOPE OF THE STUDY

The studies presented in this report represent preliminary recon-

naissance level detail. The purpose of the report is to deterr whether

a feasibility study should be conducted. Significant time and rces

can be invested in a feasibility study; thus, a decision to proceed with

a study should be based on a finding that a potentially viable project can

be developed. Therefore, the reconnaissance study is a relatively complete

small-scale feasibility investigation in which the issues expected to be

important in the feasibility stage are raised, and a first cut economic

analysis is performed. A favorable reconnaissance level finding is a

strong indication that further detailed study (a feasibility study) is

warranted subject to assessment of potentially critical issues.

STUDY AND AUTHORITY

Recognizing the importance of continued and successful operation of

completed projects, Congress provided the Corps with the authority to study

possible modifications to existing projects. This authority is contained

in the House Committee on Public Works resolution, dated 11 December 1969,

which requests the Corps of Engineers:

. . to review the reports of the Chief of Engineers on the

Mississippi River between Coon Rapids Dam and the mouth of the

Ohio River . . . with a view toward determining whether any

modifications of the existing project should be made at this

time in the interest of providing increased flood control,

and for allied purposes on the Mississippi River."

-- I " .. .. .1



COORDINATION AND STUDY ?ARTICIPANTS

Agencies and iaterests were informed of the initiation of the study

and were invited to particioate. A copy of the notice and pertinent responses

are included in Appendix B, Coordination.

Primary participants in the study include the Federal Energy Regulatory

Commission (FERC), Fish and Wildlife Service (FWS), and the St. Paul District,

Corps of Engineers. Under the Federal Power Act and other legislation,

FERC has broad re' unz'bilities related to planning, construction, and

operation of water resource projects, particularly in regard to power develop-

ment. One of those responsibilities is establishment of values for power

that might be produced at lock and dam 8. Correspondence related to power

value determination is included in appendix B.

The FWS, under the authority of the Fish and Wildlife Coordination Act,

is the primary agency from which Lhe Corps of Engineers will obtain Federal

fish and wildlife resource data and planning input. The FWS has provided

preliminary comments regarding a potential hydropower Froject at lock and

dam 8. Its planning aid letter is included in appendix a.

The Department of Energy (DOE), Office of Powcr Marketing Coordination,

is responsible for all marketing of Corps-produced power. This office will

be contacted during the feasibility study regarding distribution of power

that may be produced at lock and dam 8.

The St. Paul District, Corps of Engineers, is chiefly responsible for

this study and the report. The reconnaissance report will be distributed

to all interested Federal and State agencies and the public. Comments

recei%-vo -ill help guide future efforts during the feasibility study.

STUDIES OF OTHERS

The Corps of Engineers is completing the National Hydropower Study;
8'" S is one of the sites investigated.



The National Hydropower Study was authorized by Section 167 of the

Water Resources Development Act of 1976 (Public Law 94-587). The study

will provide a general but comprehensive appraisal of the potential for

incremental or new hydropower generation at existing dams and other water

resource projects, as well as undeveloped sites in the United States.

Preliminary results of that study, which is being managed by the Institute

for Water Resources of the Corps of Engineers, show a benefit-cost ratio

of 0.97 for a hydropower addition of 16 MW at lock and dam 8.

Dairyland Power Cooperative has also appraised the hydroelectric

potential at lock and dam 8. The study was prepared by Commonwealth

Associates in a report titled "Genoa Hydroelectric Project Appraisal Study,"

November 1979. Dairyland Power did the economic analysis. The results

indicate that hydroelectric development of 10 MW at lock and dam 8 may be

feasible from a technical, environmental, and economic standpoint. Be-

cause of required coordination of the hydroelectric facility with Missis-

sippi River navigation and Corps of Engineers ownership of the existing dam,

Dairyland has indicated that it may be appropriate for the Corps of Engineers

to develop and operate hydroelectric facilities at the existing navigation

dams with Dairyland purchasing the energy output from the Corps-owned

facilities.

THE REPORT AND STUDY PROCESS

Results of the reconnaissance study are contained in this report

including recommendations that a feasibility study be conducted.

The reconnaissance study was started in July 1981 and culminates with

this report. Much of the information presented here was derived from the

study at lock and dam 7 which was initiated in February 1980. If approved

by Corps of Engineers higher echelons, the feasibility study for hydropower

addition at lock and dam 8 will begin in fiscal year 1983 and will be com-

pleted in spring 1985. The final feasibility report would be submitted to

Congress which could authorize a hydropower project at lock and dam 8.

However, the authorization, advance planning, and funding by Congress are

necessary before any recommended actions could be taken.

4..
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PROBLEM IDEFTIFICATION

EXISTING CONDITIONS

Location

Lock and dam 8 is located on the Mississippi River at river mile 679.2

above the mouth of the Ohio River. It is near Genoa in west-central Wisconsin.

and is one of the 13 navigation locks and dams built in the 1930's along

the Upper Mississi-pi River in the St. Paul District. The dam and dike

which connect tht Minnesota and Wisconsin shorelines creates almost 21,000

acres of lake which is a very valuable aesthetic, recreation, and biologi-

cal resource.

Structural Integrity

The stability and structural integrity of lock and dam 8 are good.

The latest pericdic inspection in 1978 revealed no major deterioration of the

dam or dike. The foundation soil consists largely of rounded grey sand of

varying size (see the boring logs on plate 3) mixed with silt an2 some gravel

to at least a depth of 74 feet. This soil should provide a stable and

competent foundation for the proposed structures and should not present any

problems during dewatering and construction.

Long-term ongoing erosion both upstream and downstream of the gated

concrete dam section has been occurring since the structure was built in

the 1930's. This scour has resulted in lowering the river bottom elevation

up to 20 feet upstream of the dam and up to 60 feet downstream of the dam,

with slopes averaging 1V on 3H, beginning just off che structure and extend-

ing to .a toe of the scour.

The existing scour poses no threat to the stability of the concrete

dam; however, because the erosion is continual, remedial measures may have

to be taken some time in the future. These measures might include the

-nt of fill in the scour holes and extending the existing riprap above

and below Lne da.

4
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Hydrologic Conditions

The flow available for power at lock and dam 8 is estimated from 50 years

of gage data at Winona, Minnesota (USGS 05-3785). This gage is at river mile

725.7 from the mouth of the Ohio River, and is 46.5 miles upstream of lock and

dam 8. The total drainage area upstream of the project is 64,770 square

miles, which is 9.4 percent greater than the area upstream of the gage. The

La Crosse and Root Rivers are tributary to the Mississippi River between

the gage and the site. The average monthly flows at Winona, Minnesota, are

shown in the table below.

Average monthly flows, Mississippi River at Winona, Minnesota
Month Flow (cfs) Month Flow (cfs)

January 13,600 July 28,200

February 13,800 August 19,000

March 27,300 September 19,800

April 58,100 October 19,000

May 45,400 November 19,900

June 37,500 December 15,500

Annual average flow 28,900 Median flow 20,200

Environmental Setting

Physical Setting - The main geographic feature of the region is the Mississippi

River valley. In the study area the valley ranges from 2 to 5 miles in width

and is bordered by bluffs rising 400 to 500 feet above the river level. At lock

and dam 8, the valley is 2.5 miles wide and the river channel occupies the eastern

one-fourth mile of the valley.

The climate is humid continental with wide temperature extremes and about

29 inches of precipitation annually.

5



Terrestrial Resources - The woodlands in the area can be divided into two

general groups: the upland xeric southern forests of Wisconsin and Minnesota

and the southern lowland vegetation of the floodplain.

The study area provides habitat for a very diverse assemblage of plants

and animals and is a noted feeding and resting area for a variety of migratory

waterfowl. Much of the floodplain area in pools 8 and 9 is managed as part

of the Upper Mississippi River wild Life and Fish Refuge.

Established natural areas within the study area are: West Channel Woods,

Waller Lake Floodplain Forest, Lower Goose Island, Turtle Nest Islands,

Forsters Tern Colony, Crosby Slough, and Mouth of Rush Creek. All are managed

by the Wisconsin Department of Natural Resources.

Aquatic Resources - The Mississippi River within the study area is impounded

by lock and dam 8 at Genoa, Wisconsin, and by lock and dam 9 at Lynxville,

Wisconsin, to form navigation pools 8 and 9 of the waterway system. The

Root and La Crosse Rivers are tributaries to pool 8 and the Bad Ax and

Upper Iowa Rivers are tributaries to pool 9.

In general the water quality of the Mississippi River is good. Two

potential sources of poor water quality would be the La Crosse Municipal sewage

treatment plant and the Dairyland Power nuclear generating station. Both

these sources are currently well within compliance standards.

Pools 8 and 9 are reported to have 86 and 80 species of fish, respectively.

Important sport fishing areas include the tail water below lock and dam 8 and the

area r-'r the wing dams. The commercial fishery in both pools is of economic

significase with pool 9 having the largest commercial harvest of all pools on

the upper Mississippi River. Some commercial clamming is also done in pool 9.

6



The wetland system in the Mississippi River floodplain provides

outstanding habitat and is largely responsible for the abundance and

diversity of fish and wildlife resources in the study area. These wet-

lands are widely recognized as significant resources and are protected

by Federal, State, and local laws.

Significant Facilities - The nuclear power plant at Genoa, Wisconsin, and

the National Fish Hatchery 4 miles downstream of lock and dam 8 are listed

as significant because of their close proximity to the dam and their re-

liance on river water for operation.

Cultural Resources

The Mississippi River valley has been occupied from about 12000 B.C.

to the present. Historically, the valley has been the site of the earliest

European and American settlements.

There are three recorded archeological sites within three-fourths mile

of lock and dam 8. No sites currently on or eligible for the National

Register of Historic Places are located in the immediate lock and dam area.

Recreational Resources

The Reno Bottoms area near lock and dam 8 is one of the most signifi-

cant sport fishery and waterfowl resources of the Upper Mississippi River.

The area also supports a considerable amount of boating. In 1980, pool 8

supported about 1,422,000 hunting and fishing occasions and 282,000

boating occasions.

Population Centers

The nearest population centers to the project are La Crosse, Wisconsin

(48,300), and Winona, Minnesota (25,100). These areas are located 15 and

40 miles, respectively, from lock and dam 8.

7
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A more thorough discussion of the environmental setting of the project

is presented in appendix E.

CONDITIONS IF NO ADDITIONAL FEDERAL ACTION IS TAKEN

If no Federal hydropower is recommended and subsequently developed,

one of two futures is probable. One future is no action or no change from

existing conditions. This case would have no environmental or social im-

pacts other than those expected under present conditions. However, with

no action, several opportunities will be forgone including utilization of

a renewable and environmentally clean energy source and capitalization on

a relatively economical source of energy.

A more probable alternative future is the development of lock and dam 8

for hydropower by someone other than the Federal Government. Low cost

federally financed loans for feasibility studies and licensing are available

for investigation of hydropower development at existing dams. Even though

lock and dam 8 is federally owned, non-Federal entities may apply for hydro-

power licensing at a Federal site. In addition, Federal low interest loans

for construction are available to small rural communities and certain non-

profit organizations for such developments. Thus, if the Federal Government

does not add hydropower to lock and dam 8, some other interest will probably

add it because ample incentives appear present.

A list of competing applicants for a Federal Energy Regulatory Commission

(FERC) permit to develop hydropower facilities at lock and dam 8 follows.

APTA -qtion
numbtL Applicant MW MWh

3622 Mitchell Energy, Inc. 14 86,000

4426 City of St. Charles, Minnesota 14 86,000

4434 Wisconsin Public Power Inc. - -

4500 City of New Ulm, Minnesota 10-20 35,000-70,000

Western Wisconsin Municipal Power Group 4-14 22,500-72,000

-.. q I X8
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Impacts of non-Federal development would probably not differ appreciably

from those that would occur with Federal development.

PLANNING CONSTRAINTS

Any possible hydropower development plan proposed for lock and dam 8

must be technically and economically sound, environmentally acceptable,

and capable of being implemented. Technical factors include constraints

that:

1. The plan fit in with the geometric configuration of the existing

structure and not adversely affect navigation, which is the principal and

p .mary purpose for lock and dam 8.

2. The plant must operate as a run-of-river facility chiefly to

eliminate adverse environmental effects.

To be recommended for further study, the selected plan must be economi-

cally justified. In other words, the benefits of the installation must outweigh

the costs for construction and maintenance.

Possible adverse impacts on wild and scenic rivers, historic sites,

endangered species, migratory fish, wildlife, and other environmental

amenities must be assessed. Significant impacts should be eliminated if

possible and mitigated when they cannot be eliminated.

PLANNING OBJECTIVES

The "Principles and Standards for Planning Water and Related Land

Resources" require that all federally assisted water resource projects be

planned to achieve these national objectives:

9



o National Economic Development ()NED) - Enhance the Nation's

economy by increasing the output of goods and services and

improving national economic efficiency.

o Environmental Quality (EQ) - Minimize adverse impacts and enhance

the quality of the environment by conserving, preserving, or re-

storing natural and cultural resources.

The social well-being and regi,,ial development accounts are also important

and will be consiuered in the planning process.

To address these national objectives, the specific objectives of this

study are to:

1. Increase the national economic efficiency through the development

of a less costly energy source, thus helping to reduce dependence on foreign

fuels in the Nation and study area.

2. Enhancement of the environment by reducing the use of nonrenew-

able fossil fuels in the Nation and the study area, resulting in conserva-

tion of those resources.

3. Minimize site-specific environmental effects of hydropower

development.

ANALYSIS OF PRELIMINARY ALTERNATIVES

PLAN FORMULATION RATIONALE

T1he -urpose of plan formulation is to evaluate alternative measures

for fulfilling the national and specific planning objectives. For this

reconnaissance report, formulation is not based on detailed technical

evaluation but is based to a large degree on professional judgment. The

level of detail for this report is only designed to answer whether a feasible

orobably be developed and whether the study should be continued.

If warranted, feasibiiit. ,.udies will commence, and alternatives will be

more thoroughly evaluated.

10
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An interdisciplinary team was assembled to develop a strategy for

selecting a site along the dam and adjoining dike at which installation

of hydropower might be most practical from all viewpoints of the team.

After the site was selected, an evaluation was made of different scales

of development and use of different machinery to find the most cost effec-

tive and least environmentally damaging measures. The following sections

provide more details on how the preliminary plan for hydropower addition

at lock and dam 8 was developed.

LOCATIONS CONSIDERED

Lock and dam 8 is supported on timber piling, driven in sand and gravel,

with steel sheet-piling cutoff walls. The main lock is 110 feet wide and

600 feet long; the upper gate bay of an auxiliary lock is provided in the

event it becomes necessary to add another lock in the future. The movable

dam section consists of 5 roller gates 80 feet wide by 20 feet high and

10 tainter gates 35 feet wide by 15 feet high. A service bridge spans the

entire length of the movable dam and storageyard, providing for the operation

of the crane and flat car. An earth dike, 15,720 feet in length with a

20-foot roadway at its crest, completes the dam along the Minnesota side

of the river. Along the dike are two fixed crest concrete spillways totaling

2,275 feet in length. The site plan is shown on plate 1. Consideration

was given to locating the hydroelectric plant at several sites along the

area described above.

To be cost effective, hydropower development must use the maximum flow

available in the Mississippi River. Placing the power plant at the earth

dike or spillway would require construction of a very large channel through

the Upper Mississippi Wild Life and Fish Refuge. The channel was believed

to be too costly and damaging to the environment to merit further considera-

tion. The area in the storage yard adjacent to the tainter gates and the

portion of the dike adjoining the storage yard was considered. This area

would accommodate more traditional construction methods and plant designs

j 11
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compared with those probable in the tainter gate bays. Hydropower develop-

ment in this area would probably not affect navigation. The storageyard

area was identified as the best location for a powerhouse in the report

"Genoa Hydroelectric Project Appraisal Study" by the Dairyland Power

Cooperative.

In some respects, the auxiliary lock which was never completed for

navigation would be a good site for hydropower units. The auxiliary lock

could be dewatered relatively easily for the construction of the hydropower

plant and its proximity to the main lock control station would aid in the

monitoring of the facility and maintenance after construction. In addition,

a design for the auxiliary lock could be applied at other locks and dams

along the Mississippi River with unused auxiliary locks. However, the

large amount of flow which would pass through the auxiliary lock might

adversely affect navigation. A model study of the hydropower plant

located in the auxiliary lock would be necessary; funding and time allotted

for the reconnaissance did not allow such an in-depth evaluation. For this

reason and because using the auxiliary lock for hydropower would eliminate

the future option of its use as a navigation lock, the site at the auxiliary

lock was eliminated from consideration, at least for this preliminary stage

of study.

A hydropower plant in the existing movable gates was also considered.

A standard powerhouse in the gate bays was not selected though because of the

small number of gates (5 roller and 10 tainter gates). All of these gates

may be needed to pass high flows. However, liftable hydropower units at-

tached to the tainter gates may have merit. The Schneider hydroengine and

the Allis-Chalmers powerhouse gate are two such units. Because of head and

flow c,. acteristics, an Allis-Chalmers 3-meter horizontal tube turbine was

used in the analysis of all the alternatives. Installation of this turbine

or the Schneider engine as liftable units, however, would result in inade-

quate turbine intake submergence. The concrete slab of those tainter gate

bays used for hydropower would have to be removed; this would likely

, costly and would affect the stability of adjacent gate piers. For

LILI! reda),L Qnca u neither the Allis-Chalmers unit or the Schneider

engine have been field tested as part of a movable gate system, this

alternative was not considered further in the reconnaissance study.

12
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The site selected for a preliminary analysis was the area in the

storage yard and the adjoining portion of the dike. A thorough evaluation

of power plant sites, including use of smaller liftable units in the

tainter gate bays, will be made during the feasibility study.

HYDROLOGIC POWER AND ENERGY ANALYSIS

Background

Following is a shortened discussion of the hydrologic power and

energy analysis found in appendix C of this report. For further informa-

tion consult appendix C.

The production of power from the force of falling water follows

from basic principles of physics. Work (energy) can be expressed as

a force moving through a distance. In the case of hydropower production,

the force is the weight of the water, and the distance is the vertical fall,

or "head," which is the difference between pool and tail-water elevations.

Power is the rate at which the energy is produced. Expressed as

kilowatts:
P = Q.H.e where Q represents flow in cfs and H represents

11.82 '

the head in feet, minus entrance and exit losses. The factor "e" represents

the combined efficiency of the turbine, speed increaser, and generator.

For preliminary calculations involving modern machinery, an average effi-

ciency of about 0.86 is often used.

Power is the rate of production of energy, so the total energy produced

in a given period is found by multiplying the average power during the

period, in kilowatts, by the length of the period in hours.

E - Power (kW) x time (hours) kilowatt=hours (kWh)

13
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Sometimes energy is expressed as megavatt hours (MNW) or gigawatt-

hours (GWh):

1 MWH - 1,000 kWh

I GWh - 1,000,000 kWh

Since the flows at a given site are usually quite variable, it would

be useful to store excess volumes for use during lower flow periods. The

St. Paul District's navigation dams have only minimal storage available

(pondage). For several reasons, including navigation, environment,

recreation, and business interests, pool fluctuations are kept to a minimum;

and without pool fluctuations, the useful storage is negligible. An

allowable fluctuation range of 0.4 foot would give about 8,000 acre-feet

of storage, which would give about 7 hours of operation for the proposed

8.75-M plant. This would give some daily "peaking" capability, but it

will not allow storage of high flows for later use. This type of plant,

with low available storage capacity (pondage), is called a "run-of-river"

plant.

Average Annual Energy

The power capacity and energy production for run-of-river plants can be

adequately predicted from the flow-duration curve. Daily flow values for

the period of record are grouped into flow classes. Each flow class is

then plotted according to its cumulative percentage of occurrence. The

result is the flow-duration curve shown in figure A.

Th" gross head was reduced by the estimated trash rack and tailrace

losses to produce the curve of net head shown on figure A. Each flow class

is assigned an average head for the class. Higher flows cause a reduction in

head at lock and dam 8.

Production of power would cease when the head drops below approximately

:'- -nrresponds to a flow greater than 60,000 cfs. A flow of

60,000 cfs has an 85-perc.. chance of being exceeded at least once in a

year, and on the average will be exceeded 35 days per year.
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For each flow class along the flow-duration curve, the power is

calculated for the available flow or capacity, whichever is less. If the

available average head is different from the design head, the turbine

flow is calculated by the "orifice equation" to be proportional to the

square root of the ratio of the available head to the design head.

The product of the head and flow gives the power; the power is then

multiplied by the duration of the flow class (in hours) to find the

estimated energy. Summation of the energy of all the flow classes, i.e.,

the area under the power curve, gives the average annual energy (AAE) for

each option.

Within the head and flow constraints, three optional plant capacities

were selected to allow analysis of significantly different levels of

development. In plate C-l, the power curves have been plotted for the

three options considered. The ratio of the average load on the plant to

the plant capacity, called the plant factor, has also been calculated.

A table of average annual energy and plant factor for each option is presented

below.

Average annual energy for lock and dam 8
Plant capacity (MW) AAE (Mlh) Plant factor

8.75 46,600 .61

10.5 53,200 .58

14.0 62,300 .51

Dependable Capacity Evaluation

Dependable capacity (firm power) is that capacity which can be relied

upon (on the average) during a certain period. It is of interest to know

the dependable capacity for the year and for critical load (demand) periods.

The critical load periods for this region are July-August and December-

January. The dependable capacity can be thought of as the size of conven-

tional plant which would replace the hydro plant to provide the same dependable

15
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capacity, on the average. The dependable capacities for each option are

shown in the table below. For a more detailed discussion of method, see

appendix C.

Dependable capacity (MW) for lock and dam 8
Plant capacity option

Period 8.75 MW 10.5 M 14.0 MW

July-August 6.4 7.3 8.0

December-January 7. 7 8.7 9.3

All year 6.3 7.2 8.4

Weekly Power Generation

Estimates for weekly power generation were done to provide input for

determination of project benefits. The procedures used are outlined in

appendix C.

HYDROPOWER PLANT SIZES CONSIDERED

As previously discussed, three optional scales of development were

considered to better optimize the project: plant capacities of 8.75, 10.5, and

14 MW. Because Allis-Chalmers tube turbine units are standardized and ap-

peared to be most economical for low-head applications, the three levels of

development were based on using those units. A 3.0-meter (9.84-foot) runner

diameter unit was selected, primarily because of head and flow characteristics.

Each unit could produce 875 kW at a rated head of 9.5 feet. Therefore,

the . ales of development would use 10, 12, and 16 of the standard 3-meter

units to produce 8.75, 10.5, and 14 1W, respectively.

As previously stated, the site site selected for the powerhouse is the

storageyard area and adjoining dike. However, only 10 of the hydro units

i accommodated in this area.
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Benefits were estimated for all three optional plant capacities, but

a cost analysis was prepared only for the 10 unit option. Locations for

additional hydropower units will be more thoroughly evaluated in the

feasibility study.

ECONOMIC ANALYSIS

Economic feasibility analysis compares economic costs with project

benefits. The comparison is made using a common value base. Costs and

benefits are stated in 1981 dollar values and this fixed price level is

used for valuing future costs and benefits. The time frame used for the

benefit-cost analysis begins in 1990 when the project is assumed to be

installed and extends through the 100-year economic life of the project to

2090. A 7 3/8-percent interest rate is used.

Basis for Measuring Power Value

The Chicago Regional Office of the Federal Energy Regulatory Commission

did the benefit analysis. In its 10 September 1981 letter to the St. Paul

District (appendix 8), benefits were calculated as follows.

Power values are the benefits produced by a hydroelectric plant and

are based on the surrogate costs of constructing and operating the most

likely alternative if the hydroelectric project is not constructed.

Using a coal-fueled steam-electric plant as the most likely alternative

to the pronnsed hydroelectric project, power values are summarized in the

following table. These are "at market" values; no transmission line costs

for the hydroelectric development have been included. All values are based

on January 1981 levels.

Power values include "capacity value" plus "energy value." Capacity

value is based on the investment cost (annualized) necessary to construct the most

likely alternative. Energy value is the net savings in generating costs of

a hydroelectric plant over the most likely alternative. The current energy

values were escalated to recognize real cost increases projected for fuel.
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Power value summary - lock and dam 8, Mississippi River
(January 1981 cost base and 7 3/8-percent interest rate)

Hydroelectric units
Item 10 12 16

Capacity, kW 8,750 10,500 14,000

Average annual energy, MWh 46,600 53,200 62,300

Unit capacity value, S/kW-year 100.00 93.70 67.40

Unit energy value, $/MWh

Current 20.40 20.60 21.20

Escalated 41.40 41.80 41.90

Annual hydroelectric benefits

Capacity benefit, $/year 875,000 983,800 943,600

Energy benefit, $/year 1,929,200 2,223,800 2,610,400

Total annual benefits 2,804,200 3,207,600 3,554,000

System operating costs for both the hydroelectric plant and the alterna-

tive steam electric plant were simulated using a probabilistic production

costing computer model. The POWRSYM Version 48 productiou costing model was

used for this analysis. Northern States Power Company was used as a
"typical" system to measure operation costs.

Adjustment Factors Applied to Power Values

The capacity value includes a credit of 5.0 percent to reflect the

greater operating flexibility (quicker start-up time) of the hydroelectric

plant. The capacity value has also been adjusted to incorporate the rela-

tive a 'lability of the hydroelectric plant capacity in comparison with the

availability of the coal-fueled steam-electric plant alternative. The

availability of the hydroplant is based on the amount of dependable flow;

availability for a steam-electric plant is based on the probability of a

breakdown. The relative availability of the 10-, 12-, and 16-hydro unit

--is results in 5, 11, and 36 percent debits, respectively, for these

Id., qnacities.
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Energy values are given based m both current fuel cost levels and on

projected real fuel price increases. Escalated real fuel costs assume a

1990 project on-line date and a 7 3/8-percent cost of money to levelize

them over the 100-year life of the hydroelectric plant. Real fuel cost

escalation factors were taken from Department of Energy data published

23 January 1980 in the Federal Register, Part IX.

Benefit-Cost Comparison

The following table shows annualized costs and benefits for the 10-unit

hydropower plant. A breakdown of costs is presented in appendix A.

Average annual costs and benefits ($1,000)
Item 10-unit alternative

First costs 26,280

Total Federal investment(l) 28,174

Interest and amortiatjion of 2,080
Federal investment

Operation and maintenance 106

Average annual costs 2,186

Average annual benefits 2,804

Net benefits 618

Benefit-cost ratio 1.28

(1) Includes first costs plus present worth of project rehabilitation at
year 50; salvage value at year 50 and year 100; and interest during construction.
See appendix A for itemization of costs.
(2) 100-year economic life at 7 3/8-percent interest rate.

The benefit-cost ratio is 1.28 and the net benefits are $618,000 for the

10-unit, 8.75 MW plant. The internal rate of return is 10 percent as shown

on the following figure.
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ENVIRONMENTAL IMPACTS

A brief discussion of potential project impacts and a list of issues

that need detailed study are summarized here and presented in appendix E.

A more detailed assessment will be made during the feasibility study.

No Action Alternative

There would be no direct impact on the existing natural resources

of pools 8 and 9 if hydropower was not installed on lock and dam 8.

10-Unit Alternative

This alternative would place 10 hydropower units in the existing storage-

yard area and adjoining dike on the west (Minnesota) side of the dam (see

plate 1).

Impacts on Natural Resources

Construction Impacts - Impacts on natural resources would result from con-

struction of head race and tailrace channels in and near the storage yard,

placement and removal of cofferdams and barge landings, noise during construc-

tion, and construction of a transmission line corridor. The last item

could have substantial effects on wetlands and may be a hazard to migratory

waterfowl. Wildlife habitat may be disturbed near the construction area.

Operation Impacts - It is anticipated that impacts would be confined to the

immediate vicinity of the dam as the hydropower operation would not alter

existing storage or pool fluctuations.

Impingement of aquatic life and degradation of water quality are not

expected to be significant problems. Mortality of fish passing through the

turbines is expected to be minimal.
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The existing tail water area of the dam provides good to excellent aquatic

habitat. The effect of changes in flow distribution, current velocities,

and sediment patterns on the tail-water area is unknown. The upstream move-

ment of fish may be interfered with with the diversion of most of the flow

through the turbines.

Any maintenance dredging of intake and exit channels may destroy benthic

organisms and increase turbidity and sediment deposition.

Impacts on Cultural Resources

Most of the proposed construction areas were disturbed during construc-

tion of lock and dam 8. There is still the possibility that historical

and/or archeological sites will be negatively affected by hydropower develop-

ment, such as by the placement of barge landings.

Coordination has been initiated with the Wisconsin and Minnesota State

Archeologists, the Minnesota and Wisconsin State Historic Preservation Officers,

and the National Park Service.

Recreation Impacts

The proposed development should not significantly affect general boating

in the area. A privately owned fishing float immediately downstream of the

storageyard area on lock and dam 8 may have to be relocated.

Social Impacts

Social impacts could result from construction activity, noise, and dust.

Social controversy could arise through selection of a transmission line corri-

dor, dredged material disposal sites, inequitable distribution of project

costs and benefits, and conflicts with recreation or management of wildlife

and fish refuge lands.
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Outstanding Environmental Issues Associated with Hydropower Development
at Lock and Dam 8

The following is a list of environmental issues that deserve special

attention in future planning efforts for hydropower development at lock and

dam 8. Some of these issues have been identified as important by the

Fish and Wildlife Service in initial coordination (see letter in appendix B).

Further detailed studies are necessary to quantify existing resources that

might be affected, better predict the type and magnitude of potential

impacts, and develop appropriate plans for mitigating or minimizing ad-

verse impacts.

1. Impacts of construction and operation on aquatic habitat.

2. Effects of altered tail-water flow patterns on fish populations

and fish utilization of the lock and dam 8 tail-water area.

3. The potential for entrainment and impingement of adult fish,

eggs, larvae, and young in the turbines and the resultant impact of in-

creased mortality.

4. The impacts of transmission lines on migratory waterfowl.

5. The impacts of construction and operation on endangered species.

6. The effect of construction on social conditions in the affected

area.

7. The effects of construction on any currently unknown cultural

resources in the project area.

MECHANICAL AND ELECTRICAL FEATURES

General

A standardized packaged predesigned turbine-generator, tubular-type,

would meet the hydraulic conditions at this site. Plate 2 illustrates the

adaptation of information furnished for the Allis-Chalmers predesigned

units. The units selected would be capable of delivering 0.875 M) each

with a rated head of 9.5 feet. The major equipment furnished as part of

each package would include generator, turbine, control panel, cubicle for

metering equipment, intake gate speed increaser, coupling, blade positioner,

and oil system.
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Intake Structure

The existing lock and dam was built with provisions for 13 tainter

gate bays; 3 existing storage bays would be used for this project. With

10 generating units used, 4 additional erection bays would have to be

provided on the dike. The water passage configuration in the existing

tainter valve structure is not completely compatible with the proposed units.

Therefore, a concrete transition section, as shown on plate 2, would be used.

Mechanical Equipment

The on-off control of intake water would be by a tainter gate. The

gate would be equipped for emergency closure upon loss of power. The

operator would be arranged to lower the gate against full turbine runaway

speed discharge. The bulkhead slots would be used if the operating gate

requires maintenance.

An overhead bridge crane would be considered for maintenance of the

turbines and generators. This would allow inspection of the runners without

the need for a mobile crane.

Standard ceiling-type exhaust fans would be provided for powerhouse

cooling. Because the generators are air-cooled, the fans would be sized to

maintain temperature limits using outdoor air..only.

Two small submersible pumps would be provided for drainage and dewater-

ing. Portable pumps could also be used for dewatering.

Turbine

An adjustable three-blade tubular turbine available from several manu-

facturers is considered because it is the largest standardized package unit

which will fit the existing structure. The turbine has a throat diameter

of 3,000 millimeters (118.1 inches). As shown in the following figure, at

a rated head of 9.5 feet, generator output of the unit can be estimated at

900 kW. To account for possibly lower than advertised efficiencies and

mechanical and transmission losses, an output of 875 kW per unit was adopted.
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STANDARD TUBE TURBINE UNITSFL-OPERATING RANGES
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Units by Allis-Chalmers.
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Other turbines, such as bulb turbines and "Ossberger" cross-flow type

turbines, may be suitable for this installation. All suitable turbine types

will be evaluated during the feasibility study.

Generators and Breakers

The generator would be a synchronous type, rated 1,000 kVA, 0.9 PF,

3-phase, 60 Hz, 4.16 kV, 900 rpm. A drip-proof guarded enclosure would be

provided for the generator. The generator would have an 800 C rise Class B

insulation system without provisions for overload. It would have full run-

away speed capability eliminating the need for a disconnect clutch. The

generator breaker will be a metal clad draw-out type rated 250 MVA (nominal),

5kV, 1,200 amp continuous. Breakers will be combined into metal clad switch-

gear lineups common to groups of four units, also containing generator surge

protection and instrument transformers as well as station service switchgear

in two of the lineups.

Excitation System

The excitation system for the unit would be of the bus-fed, power

potential source, static type, excitation power being derived from the genera-

tor terminals. During starting, the generator field will be automatically

flashed (permitting generator voltage buildup) from a rectified A-C station

service source.

Unit Control and Protective Equipment

A complete complement of generator protective relays (differential, over

voltage, over current, etc.), start-up and shut-down controls, and other unit

control relays would be provided in the metal-clad switchgear lineup contain-

ing the generator circuit breaker. Synchronizing would be accomplished by

speed switches. The generator breaker would close at 95-percent speed with

the static excitation system being energized at 98-percent speed. The

generator would be provided with connected amortisseur to facilitate pull-in

with the system. The packaged unit would have electrical and mechanical pro-

tective devices as indicated on the following one-line diagram.
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Station Service

There would be two separate sources of station service power. One

source would be bus tap between two generator circuit breakers and a main

power transformer, and from a similar tap from the second bus as shown

on plate 3. Station service switchgear would be arranged to provide full

service from either source. Also, the former above source would supply

station service from a single unit when generation into the utility system

is shut down. Station service switchgear (4,160 volts) would be included

in generator circuit breaker switchgear lineups. Station service power

distribution would be at 480 volts 3-phase and 120/240 volts single phase.

Connection to Load

A 3-phase 69-kV overhead transmission line would tie directly to

the local utility substation. The substation is located approximately

200 feet from the powerhouse site. The plant would have five generator

step-up transformers with two units connected to each transformer. Each

transformer would be rated 5,000 kVA, 69 kV "WYE" connected high-voltage

winding, 4.16 kV "DELTA" connected low voltage winding, 3-phase, 60 Hz.

The transformers would be bused together on the high voltage side through

disconnect switches at the powerhouse for connection to the transmission

line.

CIVIL FEATURES

This section describes the civil features pertaining to the installa-

tion of tube turbine power generating units at lock and dam 8. Civil

features include the powerhouse, intake and exit channels, permanent access,

impact on existing structures, and site work. A brief description of

some important construction considerations is also included.

Two alternatives were investigated for the installation of power

generating units at lock and dam 8. One alternative placed 10 horizontal

tube turbines in the storageyard area. The other alternative investigated

placing 10, 12, or 16 liftable horizontal tube turbines in the existing

tainter gate bays.
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Storage Yard Installation

Powerhouse - The powerhouse would be made of reinforced concrete and would

house the power generating units and electrical equipment. Flow to the

turbines would be regulated by tainter gates installed upstream of the

turbines. Sheet-pile cutoff walls would be chosen at the upstream and

downstream edges of the powerhouse to prevent undermining of the structure.

Batter piles would be driven as part of the powerhouse foundation to

insure that current stability criteria are attained. Trash racks with

small openings would be installed upstream of the turbines to protect them

from damage during operation. Stop-log grooves would be provided on the

upstream and downstream edges of the structure so that individual pairs of

turbines could be dewatered for maintenance.

The interior of the powerhouse would be totally open from one end to

the other to provide maximum space for maintenance. The turbines and the

associated mechanical and electrical equipment would be grouped in pairs

located between the existing service bridge piers.

The roof of the powerhouse will be the surface of the storageyard.

To provide the extra strength needed to support the storageyard loading,

the powerhouse would have thicker walls and more reinforcing than the

typical powerhouse.

Channels

Intake and exit channels would have to be excavated to accommodate

turbine operations. The intake channel invert elevation is 618.0 and

the discharge channel invert elevation is 603.5. The discharge channel

invert elevation was determined by submergence requirements of the

turbines selected. Concrete wing walls extending approximately 40 feet

upstream and downstream of the powerhouse would be constructed to retain

the difference in elevation between the invert elevation of the discharge

channel and the existing ground elevation at the toe of the levee.

Concrete guidewalls would be constructed between the end tainter gate

and the upstream and downstream side of the powerhouse.
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A sandfill training dike would be constructed upstream of the power-

house to protect the dike against erosion.

Erosion protection requirements were developed to protect the intake and

exit channels. The analysis for riprap design considered average inlet

and outlet velocities, the possibility of flow concentration, and the

possibility of local increase in shear stress at channel transitions

such as elevation changes in the approach channels to the turbines. Pro-

posed riprap location, thickness, and gradation are shown on plate 1.

Access

Permanent access for operation and maintenance of the powerhouse

would be needed. This access must be usable during flooding of the

Mississippi River. To provide permanent access to the powerhouse, a road

would be built along the top of the dike extending from the Minnesota

side of the river to the powerhouse site. Bridges designed for small

vehicle traffic, constructed of precast concrete planks supported between

steel supports, would be used to cross the two existing submersible dams located

in the dike. A parking and turnaround area would be provided at the power-

house. A lockable gate to prevent public vehicular traffic would be pro-

vided at the Minnesota end of the dike. Heavy or bulky items to be used

in maintenance of the powerhouse would have to be transported to the power-

house site by barge or raft.

Equipment to be used in the construction of the hydropower facility

could be transported to the site by raft or barge or by constructing a

temporary crossing at the submersible dam locations. The submersible dams

were not designed to accommodate heavy vehicular traffic and should be

bypassed by building temporary ramps to get on and off the dike and temporary

crossings with culverts downstream of the submersible dams.
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Impact on Existing Structures

Permanent impact on existing structures include the effects of providing

access on top of the dike and the effect on the dam due to changing the flow

pattern. Traffic on the dike would probably result in increased maintenance

requirements for the dike. An agreement between the Corps of Engineers

and the hydropower operating authority would have to be made to assign

responsibility for the maintenance. The bridges would have a negligible

effect on the flow over the submersible dams. The effect of changing the

flow pattern through the lock and dam is unknown. The changing of the

flow pattern could have either a beneficial or detrimental impact on the

existing scour holes upstream and downstream of the dam. The scour holes

are currently presenting a threat on the stability of the dam.

Site Work

The powerhouse would be underground except for the roof slab which

would form the surface area of the storageyard. The storageyard would be

returned to its original size and elevation. Restoration of the storage-

yard is essential to the operation of the lock and dam. The dike would

also be restored to its original size and elevation in the areas where

the dike is located over the powerhouse because such restoration is neces-

sary for flood control.

Other site work would include fencing around the storageyard and the

establishment of grass along the access road and around the parking area.

Access to the powerhouse would be provided outside of the storageyard.

Construction

The following items must be considered during construction of the

hydropower facility:
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1. Dewatering would be required to construct the powerhouse. Upstream

and downstream cofferdams would be placed to facilitate the dewatering.

Placement of the cofferdams would be made more difficult by the proximity of

the upstream and downstream scour holes. Because the soil is pervious,

the dewatered area would have to be pumped.

2. A temporary storageyard would have to be provided, especially since

the construction will take more than one summer.

3. Installation of the powerhouse between the storageyard piers would

require special construction. Sheet pile would be driven around the piers as

shown on plate 2. Steel ties would be installed as excavation progresses

to provide support for the sheet riling. The sheet piling would remain in

place to be used as forms for the powerhouse. This method of construction

would be cheaper than replacing the piers.

Liftable Units

Liftable units were to be considered as an alternative for this report.

The rationale for considering liftable units being that a feasible liftable

unit developed for one site can be used at other lock and dam sites.

The standard 3-meter horizontal tube turbine produced by Allis-Chalmers

could not be used as a liftable unit at the lock and dam 8 site. The upstream

water depth at lock and dam 8 is 15 feet. Installation of the turbine with

an adequate lifting frame would result in inadequate turbine intake sub-

mergence (assumed as 2 1/2 feet). Removing the bare slab of the tainter

gate bay would be expensive and would affect the stability of the adjacent

tainter gate piers. The Shreider Hydroengine was investigated as a possible

liftable unit. However, the depth of the intake tube was 20 feet, precluding

further investigation.

To make a liftable unit work at this site, a smaller unit, say a 2.5-m

turbine could be used. Since power curves for a 2.5-m turbine had not been

developed as a part of this report, a detailed plan for the liftable unit

was omitted. Further investigation of a liftable unit could be done as part

of a feasibility report.
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CONCLUSIONS

This reconnaissance investigation establishes that hydropower develop-

ment at lock and dam 8 is technically and economically feasible and would

not necessarily cause significant environmental damage.

PLAN FOR FUTURE STUDY

The favorable finding of the reconnaissance study indicates that

further detailed study (a feasibility study) is justified.

If a feasibility study is undertaken, it would formulate a small

hydropower project, prepare an implementation strategy, and provide the

basis for an implementation commitment. The significant institutional,

engineering, environmental, marketing, and economic aspects will be

assessed in support of the investment decision.

The feasibility study, if approved, would begin in fiscal year 1983

and be completed in spring 1985. The District's report would be sent

forward to higher Corps echelons for review and then submission to Congress

for authorization of the recommended plan. The figure in appendix D

illustrates the procedure of approval of the feasibility report.

The level of detail envisioned for the feasibility study would provide

a basis for direct development of plans and specifications for project

implementation. Assuming prompt funding following congressional authoriza-

tion, the plant would be completed 3 to 4 years after allocation of con-

struction funds.

Appendix D outlines in detail a plan of study for the feasibility

investigation.
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EXECUTIVE ORDER 11988

Executive Order 11988 requires Federal agencies to recognize the

significant values of floodplains and consider the public benefits that

would be realized from restoring and preserving them. It is the Corps'

policy to formulate projects which, to the extent possible, avoid or

minimize adverse impacts associated with the use of the floodplain and

avoid inducing development unless there is no practicable alternative.

Development of hydropower at lock and dam 8 requires use of the

floodplain for the hydropower facilities. There is no alternative in which

floodplain land would not be affected. Hydropower development, however,

will not induce floodplain development. Expected impacts on floodplain

values are found in appendix E.

RECOMMENDATI ON

I recommend that a feasibility report be prepared and that it be

allowed to begin in fiscal year 1983 and be completed in 2 years. I

further propose that the report be comprehensive enough so it can be used

as a basis for construction authorization by Congress.

WILLIAM W. BADGER

Colonel, Corps of Engineers
District Engineer
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APPENDIX A

CONSTRUCTION COST ESTIMATE

BASIS FOR COST ESTIMATES

The Guide Manual: Feasibility Studies for Small Scale Hydropower Addi-

tions; U.S. Army Corps of Engineers (HEC) (IWR) July 1979, was utilized to

provide a basis for estimating the major share of construction costs that

are governed by capacity and head. Costs for turbines and generators

were based on a 25 September 1981 quote from Allis-Chalmers. Other site-

specific costs were generated from calculated quantities and unit costs.

A contingency factor of 15 percent has been used to allow for uncertainties

and minor omissions. All costs reflect September 1981 price levels.

Cost estimates - lock and dam 8 hydropower
Estimated Estimated

Item quantity Unit Unit price amount

Tube turbines - LS $13,156,000

Powerhouse civil costs - LS - 3,276,000

Station electrical equipment - LS - 1,092,000

Miscellaneous power plant equipment - LS - 280,800

Switchyard civil costs - LS - 41,000

Switchyard equipment costs - LS - 198,900

Transmission line coats - LS -

Site specific

Dewate ring - LS - 211,000

Cofferdam fill 14,500 CY $4.00 58,000

Sheet piling (cells) 60,000 SF 16.00 960,000

Cell fill 9,000 CY 3.00 27,000

Excavation 69,000 CY 5.00 345,000

A-1
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Cost estimates - lock and dam 8 hydropower (cont)
Estimated Estimated

Item quantity Unit Unit price amount

Site specific (cont)

Backfill 2,900 CY $4.00 $11,600

Rip rap 14,200 CY 25.00 355,000

Bedding material 7,180 CY 15.00 107,700

Sand fill 13,000 CY 4.00 52,000

Downstream wing walls 700 CY 180.00 126,000

Grubbing and clearing - LS - 2,000

Concrete channel 1,056 CY 200.00 211,200

Concrete removal 320 CY 50.00 16,000

Powerhouse reinforcing - LS - 328,000

Levee road and parking lot - LS - 78,700

Vehicle bridges - LS - 364,000

Foundation piles 5,100 VLF 8.00 40,800

Storage yard civil work - LS - 218,000

Subtotal 21,556,700

Contingencies (15 percent) 3,233,500

Subtotal 24,790,200

Engineering and design (3 percent) 743,700

Supervision and administration (3 percent) 743,700

Project cost 26,277,600

Use 26,280,000

ESTIMATE OF ANNUAL CHARGES

Annual charges for the proposed development are based on an interest

rate of 7 3/8 percent and an economic life of 100 years.

4 A-2
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Estimate of annual charges ($1,000)
Item 10-unit alternative

Construction first cost 26,280

Present value of replacement costs(1 )  95

Interest during construction (2 )  1,828

Present value of salvage (3 )  -29

Federal investment 28,174

Interest and amortization of Federal investment(4 )  2,080

Annual operation and maintenance (5 )  106

Total annual charges 2,186

(1) Considers major rehabilitation of operating machinery 50 years after
construction.

(2) Assumes 2-year construction period.
(3) Considers salvageable items after rehabilitation 50 years hence, and

end of project economic life 100 years hence.
(4) 100-year economic life at 7 3/8 percent interest rate.
(5) Includes winter operation costs.

A-3
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TARL OF =T=UTS

Ltter from Deirylauid Power Cooperative, La Croese,
Wisconsin, dated 5 March 19801-

Nlotice of Lock mad Den 8 Hydropower Reconnaissance Study
by St. Paul Districts Corps of Engineers, dated
6 July 19 81 B-21

Lotter from Fish ad Wildlife Service, Twin Cities Area
Of fice, dated 13 August 1981 1-27

Letter from Wisconsin Paver & Light Company# Madison,
Wisconsin, dated 27 August 1981 B-31

letter from Federal Energy Regulatory Commission, Chicago
Pegional Office, dated 10 September 1981 B-32
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APPENDIX B

COORDINATION

This appendix presents the views and comments of other Federal agencies

and non-Federal interests with reference to considered hydropower development

at lock and dam 8.
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DAIR YLAND POWER COOPERATIVE

.9a Crvile, ())ivcoawz

54601

March 5, 1980

District Engineer
St Paul District Corps of Engineers
Attn: Planning Branch
1135 U.S. Post Office & Custom House
St. Paul, MN 55101

Dear Sir:

A notice issued by the St. Paul District Corps of Engineers dated
February 27, 1980, indicates that a reconnaissance study to determine the
hydro power potential at Lock & Dam 7 near La Crosse will be initiated.

Dairyland has recently completed an appraisal study of the hydro-
electric potential at Lock'& Dam 8 near Genoa, Wisconsin. This appraisal
study was prepared by Mr. James Calvert of Commonwealth Associates with
the economic analysis prepared by Dairyland personnel. The results of this
appraisal study indicates that hydroelectric development at Lock & Dam 8
may be feasible from a technical, environmental and economic standpoint.

This study was presented to the Dairyland Board of Directors last
week. The Board indicated that it would be desirable to pursue hydroelectric
development at Lock & Dam 8. It is our opinion that due to the scope of
such a project, the required coordinated operation of a hydroelectric facility
with Mississippi River Navigation and present Corps of Engineers ownership
of the existing Dams, that it may be appropriate for the Corps of Engineers
to develop and operate hydroelectric facilities at the existing navigation
dams with Dairyland purchasing the energy output from these Corps owned
facilities.

Enclosed for your information is a copy of the Appraisal Study, along
with testimony I presented to the Wisconsin Public Service Commission that
deals with the economics of hydroelectric development at Lock & Dam 8.

We wholeheartedly support your study of hydroelectric development at
navigation dams on the Mississippi River. It is our opinion that Lock & Dam
8 may be a better site to study feasibility. However, we wish to offer our
full cooperation and assistance in any manner possible, irregardless of
which site you select for study. We would be most happy to meet with you
at any time and provide any information that we have as you prepare your
studies.

Very truly yours,

DAIRYLAND POW"OPERATIVE

JL:rb e,-cc: .ifnder Assistant 6eneral Managercc: F. Linder Jc i

J. Adducci B2
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DIFECT TESTIN.O. OF JOHN P. LEIFER
SHI'DF.O DEVELc~:ENT ;T

U.S. ARMY CORPS OF ENGINEERS
LOCK & DAM NO. 8, GENOA, tISCONSIN

A.iD ON ECONOMIC ANALYSIS , WIND ELECTRIC SYSTEMS

PLEASE STATE YOUR NAME AND ADDRESS AND SUL'ARIZE YOUR EDUCATIONAL, PROFESSIO:NAL
QUA'LIFICATIONS.

I~y name is John P. (Jack) Leifer and I &m Assistant General Manager, System
Engineering Group, Dairyland Power Cooperative, 2615 East Avenue South,
L, Cro-se, Wisconsin. I have previously presented my qualifications in t.is
prz.c -.--ding.

P.E-,ESCRi5 E THE PURPOSE OF YOUR TESTIMONY.

The Fur-ose of my testimony is to discuss in general Dairyiand's investigtic s
into :he d-velsp',ent of low head hydro electric generating facilities to ret
TUt-U eegy require-ents. More specificay I woulc like to dis:uss thm
!:''rcose. method, economic evaluation and conclusions cf a stu-.: perfcr_=d ty
Dair'lai .,'ich was intended to deternine the technical fesibl"ty ard ecc.:--*c
-rai1ity .cf constructing and oDerating a hydroelectric generatir faciiv.

tt tL: "cr:s c Encir.eers Lock I Da , facilty at Ger^a. Wisconsin, referre-
s " -- ': ; -- X". E. i will be as7isted in this effrt by "x. JaIvs C

- : jc- c: c consuta ,t reta -  v i ', to a s in -"'ant.-

s co7,'ete rEport is atta:hed to this tes-.-,mony as Exhibit ,.
. C .,.-t s educatio. ard professional qualificctiors ray be found - _t

,A .'r purpose of ry testinony is to presznt an e:c-cr,7.c ainalysis of i.:
inst -ltio of iarze scale rind energy corVe-siOr sytei s on the DairyhI-I

7 -" .Z I

, F77, ;.... ;:AS ,iR," '. PU.?OSE T, U;,ERTAING THIS ,".. STUDY?

en--.., a:y-'ndj has e:perece sijrificant in:reases i.n the c Lt cf fcs--,s
fuel ovr the last few years. In addition, because of inflaticn an increasinc!
str4n:ert p:l 'ut":,.cn attement regulations, we have ex:perienced sharp increlasees
in the ca.ita. costs associated .,ith the installation of new capacity. In th.i
faze cf these rising costs the economic feasibility of hydroelectric Leneratior,
has c-re under -enewed scrutiny. As part of our ongoing effort to meet the
der and ard cnerav rsouireiients of our mn-,,er distribution cooperatives at the
iciwest practical cost, we though it appropriate for Dairyand to evaluate the
pote-tia .nd fea ibilty o' ,ddr.; hydro capacity to the Dairyland syste-.
One of cur fi-st ^f^rt was to make an i-ventory of existing dams in tne
'r ... r. -er' e ;c: :e cre t:-e had u reviously been generat:,rs installe J
tit .re. . ,eratcrs had been re-.:oved. The results of this inventory is

. -Z. .'.s can be seer frc:i ir .specticr, o' Exhibit
thcr Z"' .out ?5 exist:nc de-s in the Wisc, nsin service area which previously

B-3
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1'.d -enEra:i,*n installcd. M'ost of these damis are owned by either rNsP,
L4: S:e~rDistrict Pcower Corrpany, Horth-,iest Wisccns.In Electric Cornpeny

or Wiscr.v Po.,er & Light. None of these dams are owned by Dairyland.

it is also. interesting to note that the total generation that was installed
at these -sites was approximately 7,030 kilowatts, with an average ganeration
per site of approximately 282 kilowatts. Given the small amount of hydro
potential at these existing sites, as well as the great number of sites that
would have to be studied, it did not appear to be economically feasible to
pursue studies relating to the economic and technical feasibility of adding

£~nra~:-~to these existing dams. Another consIderatior w-as the expensive
and tim~e consumning process of-obtaining a license for these hydro facilities
froml the Federal Energy Regulatory Comission. Therefore we have not pursued
at this p,.irt the necessary details to develop smnall hydro sites shown on
Exh-:bit

Given. th~e fact that the Dairyland service area is in effect tisected by the
Kississip.i River, which includes a series of navigation and flood control dr'1s
that are presently owned by the Corps of Engineers, it see-led logical t.- pursue
the feasibility of installing low head generating equiPilent at these existing
navigation da-.s. Our Engineering staff has worked with the Corps of
En.gineers, arnd from data received f1rom the Corps on river flow an.: pco-1l''~ir
cur Engineering staff has caiculat-ed that the potential h:.dro caraci ty at each
r:-ssiss-iPpi Lock & Damn in the DPC service area. This initial celculaticn, of1
capacity v:as based cn a five year average for the years 1974 th-0Lugh 19720, and

nn- ~t aic-.w for vwater bYpassIng -turbines during spillage anld ick cperations.

z:- c tC.z,-O7 C1 -... :;e t,.. czz -- a- ..e M-*sc i-i Lc:' & $ -

En.-'neers caiculhted potential for the sane siakes. You wil1l note that these
CaC7CThtiLcns are in pretty generai agreement. Ease: :n t.i aciaini

: 's!:-t th-e s ;rx-teyO ng:aspttilhyfrc cn tihe 9
2'.'~ctiz ats c, the !Xississip-i Rver thcocu h airyia- ssrvice area.

At er eviai~ t"? hydro potent i a at each c-.f the navigation dams located in

.f mre d~ii stuie~ erejustfie. Our :p:r,-:h to th2 ztu, y of the
nydro additions t: tne navigation dams, was to select a dam which appeared on
t'.e face to be the bEst candidate for economic development and in-tegration
into the Dairylarnd system. If what appears to be the best potential site is
not, after detailet szu-j'. croved t- 5e a good candidate for hydro developrant,
we VoU ld be very, hesitant to spend mroney for studying other sites. 1f, cn the

ot1e hadwht oears to be the.best potential site doeas prove to be a
good candidate, then we can proceed w-.ith investigatio-ns Intc the development

of1 oh- e4ves alorc, the dam system. Lock and Darl Nc. 8 was selecteJ because
the ?,eojd river flcow, data incicated thant this dam had the rrnaxi.--iU- poton-tial
f:.r n. Fur:hcr, the Lock &- 8 o ncar Genoa is l1-:Cc: cn
to tnE e;:4stinc Dairylnd Power Plant at Gen,-a, and also is readily accessible
to tre Z:ra~t-. ns7-ission systei.
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IN THE STU".Y?

To -:re fully -alyze trhe hydro Potential at Lock- 0& 7 N~!o. 8, Dairyland
retain~d Mr. 'a~es Calvert of Co.-ronwealth Assciates, who is a reputable
ani well k..;.n hyd~roelectric engineer, to -.o-ndu::t a more detailed appraisal
study Tehich wout! develop in greater detail the hyvro P-o,.er potent ial and
also ttie estimated cost for development of low head hydro at Loci; & Dam No. 8.
As part of this appraisal Mr. Calvert also investigated the major environmental
problems that may be associated wtth such development. The approach taken in
this sezment of the study and the results of Mr. Calvert's evaluation are fully
detailed in the attached report, Exhibit (JPL-l). In general the report
concludes that there does not appear to be any severe environmental problems
associated with this project development; secondly, the project appears to be
technically and envircrn'entally feasible , ard !Mr.Calvert rec:~-erd-s a rL:7,er
of steps that shouid be taken which will1 determzine the ultimate feasibility
of$ the project. These steps are summnarized as follows:

1) Ectablish the firm lev'el of capacity as relatet to system~
cr pool requirem.ents.

2) Perfor- an ecornomic evaluation of the pcePr potential
considering, the long life of hydro, lo-.: o~eratirim cost,
and future escalation of alternative fossil fuels.

2) Cetemire the preliminary attitude of' the Ccrps G'1 ngi.eers,
U.S. Fish & Wildlife Service, and other ccncerred agencies to
:~e prc;:sed Projiect, and tentative methc~ cf development.

4) Seek a prelii~ary, permit -From the Fetara7 Enarc.y Re~ulatcry
!%z t erc cetai stu, ies and mrE;-Ea license
a:- nc a i.n.

5) U.- 5t Et' a f'En r~t Z;'~i~in 7:s<:vt ~~

c- 7,s a~ - c~i.-trutt the pro*:E::t.

I'__ 1. o:cse aelso -*n_ *ats that P hydro piant cf IC r r. .3~t r i t - -
t2 -.nstaij.- , n L D. Ca No. 2, er-d that ir ar -a year cou;ld de-liver
t D.h airy! End syste-.7 about 52 rri iion kilwt h:z-rs atI r-onewazibe enercy.

W30ld ze &Vai1 ia::e fOi- o01 t he tims during an average v:inter Period of
,.ovem-)er thrcu:;*- Fetry. This peri'od is Dairyland's winter eak lo-tend

-- .on - .athcv rs of enrr . it woW roa c annually is 1.:of
~ads to:eC raqjuirEzerts in 1978. The 7 mecawatt eutp'ut is about 12

of Dairyilard' s peak lead in 1973. By% ISS7 the Output cf this plant would prcvide
less than. 1.. oz t" Dairyland's energy and capncity needs. It also should be
noted that the ca!Lolated hydro potential at Look & C!-' by bcth Dairyland and
the Corps of E-,:ineers was approximately 14 inecawatts. BasEd upon the assess-
rent preDared ty "r. C alvert, the ',ax-rrum unit that could be accomodated is 10 MI
With a firr' Ca=7:i'y of approxinately'" Kin'. Therefore it is safe to say that
the balance c. the dam~s cr. the tlississipni thzt vare arnalyzcd in all 1likelihood

oo ave c ~: capacity than are list-.r cn W~ii JL-3). in fact,
a coL-has beer.n a~zcd to E.:-hitit (JPL-3) t-:hich is Fr. Calvort's assessm7ent
C.. i'erLC 2 sn -. ,e fBjissip-ii -l . hr.-uch' the Dairviand service
are.-, As c~n -: _een- the mlxiru7 potential is s:77i.,hat_ Thss than. tne calculated

c ct r r n1,- the Corps -f Enines This indicates that the
feai i /' c:~ vioalLok b De-. r-,st be anz.21.':zed in orde- to determine

.. ,. ~ ~ ~ ~ ~ ~ ~ ' V ~' -... .-- --*is2"~tus frr it wculd ap-oe-
: n:t Lcc ItoCi e> riz : p':v: conomic ar.d technical
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~>~TAS HE _7X STEP PEPFOR.YED IN~ YOU? STUDY?

Upon completion of the appraisal study of Lock & Damn No. 8, Dairyland made
a detailed economic analysis of the project. This included taking the
estimated construction costs as Cetermired in Mr. Calvert's appraisal, which
included all construction costs except for the transmission substations,
admiinistrative and general expenses, and interest during construc-
tion. Dairyland has made estinrates for these costs and have developed a total
c-st otf th:! project in January 7, 1980 dol'ar;. thit sur=ary of costs is
shown as Exhibit (JPL-4). The total cost for the project in January 1st
1930 dollars is $22,410,000. '

It hzs been estimated by 14r. Calvert that this prcject could be cc:7pleted
in a~prcximately three arid a half years. Therefore we estimated the costs
sf th.e proiect in ter-s o-c a comnletion date of June 30, 192 3. Ia have
assum~ed that capital costs will escalate at 7%Z per year, and that Cairyland's
interest durirg construction is based upon a 7i'%* interest rate.

lie also made an analysis Ofe the posslbility Of this unit being dela 'vecf due
to long lead times forpernit approval, environm~ent I -Impact state... ts and
other regu lat, ry probler.s. rhis analysis assumed tha!t the project would go-1n se'-vic-2 en' November 1st, 9879 v.hIch is the sa--e cate thtwe at-! -Cns-,1,gPr2*4e-t 67 t_-co in service. This analysis, i it th .cvme 1CE Wc ;ei

~:~E~. c.; ~iectcc-Pariscn c t.!e c:rz.s v.t'i *j- ",t

.n E,;14)t Otner cc-Tts t?t~ s~r 1r~ue io:e:rc..

i:~h~.e cc.~t~ae s-ta CCst fc!' drrVJ-1 C-a'E".9 an-A v-zirte;azrce Cc~ts ta
in I'-. £alve!t's ;aP~ra S!7. Cz'r arr~Irsuran~cc ccvSz i,,ave

ter a eecE ta~ Evr' c z'ili cost th=: a) ePer1ienzed in cur Fla--berau HvIdro
Sta-in.

z~PCpr e pna ,ec-. !r~e a s s -.p t i Cns as to interest ra tes,
a r% .a~ Escaeation, Interest during co ns trLCt i c prcpe? :ytaxes, t-hat were
..l::Ci in the eccror'nic ara',sis, are ic:d asEhit *L-.

~:AT::~ Hz QESULTS OF 7h'- ECON11I1C ANALYSIS?

Tne results cf the eooicanalysis are suni~arized in EX-hibit (OPL-6).
T4= results c-f this aralysis indica2te that with a.) interest rate Of 9~ and
a facility I1fe of SO ycears, and property taxes based on the Present rates in
linneso'63, th~at this project would have a ievelized cost of 6.9999c per kilowaltt
hovr if it h-zs ccnstrLcted ard cor-pieted 11.y 191.3. If the project is comrpleted
by Nove!r'ter 1957 thle annual leveli_,ed cost Of :he p:'cject %:ould be 9.15t per
kiOW~t". hOL,". Th!S c:2oa-.-res to th e ar:r'.ul level-lze.-J cost of Project 87 of
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DID YOU PERFORM ;.'(Y AN,-LYSIS TO CNECK THE SENSITIVITY OF YOUR ECONOMIC
EVALUATION TO VARIATIONS IN YOUR ASSUMPTIONS?

Yes. A second economic analysis has been made which was based on several
assumptions as to financing costs and tax credits. From our analysis of
the incentives being offered by federal and state government for the
develcpment of hydro prcjects indicates that these incentives are in the
reduction in interest rates for capital expenditures as well as tax credits.
We have talked to several financial institutions about how these tax credits
might affect Dairyland. It appears from current pending legislation in the
United States Senate that industrial development bonds could be used to
finance hyd,oe'2ctric development. These industrial revenue bonds are bonds
floated by ruricipals and other governmental bodies which are exempt from
federal income tax. It would aPpear from our discussions with financial
institutions that these bonds could carry an interest rate of several per-
centage points lower than Dairyland's present financing methods. Therefore
we have assu.imed in our sensitivity analysis that an interest rate of 7w for
development of the Genoa hydro project would be a reasonable rate to look at.

We have also assumed in the sensitivity analysis that the State of Minnesota
would not tax the project with a property tax, and therefore would reduce the
property tax to zero. These assumptions are speculative at this particular
point. .o,,.,., they do offer so-e sensitivity as te the incentives that
ceu'.d be offer Cd !, federal and st.te o ve'n enzs.

-r t e a r F a as ExIib- (s L-2nit, -

the annuai ieveaizec cost witn the unit con---ructeo anl -r, service by 15S3
would be 4.6!c pcr !:ilovatt hour, and with the unit in service in Noverber
19-17 the ~ arnnl cost per kilow-tt hour Vwul U e 6.03C per kiowatt
hour. Th-s co:_2:7res to a levelized cost of 7.15 ¢ per kilo.;att hour f'rcrm
?rcJect 67.

.N P~'; STUOE V-- YOU CONSIDERED THE POSSIBILITY OF RECEIVING
GOVERNMENT F i .c:AL SUPPORT FOR THE DEVELOMENT OF HYDRO CAPACITY?

Ye2. In our ans-.r "re pre'.c-. questicn %.e have i.vestigattd the redz-
tion in the interest rate of approxi.,ately 2%, and also have looked at a
reduction or a cancellation in property taxes. The legislation currently
pending in United States Senate would provide that interest on industrial
development bonds issued to finance facilities the primary function of which
is the generation of hydro electric power, is exempt from federal income taxation.
If the bill were passed in the present form, the availability of industrial
development bond financing for hydroelectric facilities in Wisconsin, Minnesota,
Iowa and Illinois, would depend upon whether industrial development bond
statutes of those states permit the financing of such facilities. The
Wisconsin and Min.-nesta Statutes appear to be sufficicntly broad to permit
such a financing . However, legislation may be required for Dairyland to use
industrial de~elopi,ent bond financing for hydroelectric facilities in Iowa
and Illinois.
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As indicated in our previous discussion, this industrial development
financing would allow the cost of money approximately 2 percentage points
below present Dairyland financing, sources. The proposed Genoe hydro
development is located in the State of Minnesota. There is no indication
that the State of Minnesota would not charge a property tax on the proposed
development. However, it is felt that perhaps this kind of incentive could
be offered by the legislature should development of the hydro potential
at the Lock & Dam system become a reality. If we would embark upon this
project we would investigate all possible sources of financing that may be
available to these types of projects.

WHAT 03STACLES DO YOU FORESEE TO THE PURSUIT OF HYDROELECTRIC DEVELOPMENT?

At the present time we see the licensing procedure of the Federal Energy
REgulatory Agency to be a major obstacle to this or any hydro project. We
also must investigate more closely the environmental effects of this project,
particularly on the attitudes cf the Corps of Engineers, U.S. Fish & Wildlife
Service and other concerned agencies on the specific project. As the project
is proposed, the power house will be located very close to the Fish & Wildlife
Refuge, and there is concern that during construction we would need consider-
able =3unt of Refuge property for such things as material laydown, a cement
batch plsnt, and other types oil ccnstructicn activity. We aiso would be
require tc move in anr. cut of t:e site ty, way of the dike that extends fro-
the e- of "he exsn dm to the ' irnmsota side, and we u-d:rstand that
thare are several nesting habitats of bald eagles in that particular region.
Therefore, the attitude of the Fish & Wildlife Service is not ccmpietely
understcc: at this particular time.

We also mst study the effects upon the sport fishing in the Mississippi River
below the dams, and the operation of the Lock & Dam system is primarily for
navicacion, with sz.e f!cod centrol, we must investigate further with the
Cors cf C r:--,rs" 4" :, operZtn, ptiico.*y to detet 'in2 if this cperatinz

,iwc z ; :o"k ba;,, wit. the su:cassfui co~ration cf a i:ydro project.

Another concern that would appear to be an obstacle is the small size of the
project, and the relatively hich c6st. We have not investiqated all the ccsts

f the zuatory p-ccedr tc cbtcin approval of :his particular project, but
it wouij amoear that these costs could be substantial, and without further
investigation into these particular costs we don't know if the frontend cost
of obtaining regulatory approval are worth the effort for such a small amount
of installed generating capability.
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DIRECTING YOUR ATTENTION TO A DIFFERENT TECHNOLOGICAL AREA, fMR. LEIFER,
WHAT SORT OF ECONOMIC ANALYSIS HAVE YOU PERFOR1,ED IN CONJUNCTION WITH
MR. HENNEN'S WIN;D ENERGY CONVERSION SYSTEM STUDIES?

An economic analysis has been madeofvarious wind energy conversion systems
(WECS). Mr. Hennen has made an estimate of-the capital cost for constructing
various types of WECS in either 100 unit arrays, or the same units constructed
on a diversified basis throughout the Dairyland system. We have studied in
detail two types of units, the hTG Unit, which is a 200 kilowatt rated unit,
and the Alcoa Vertical.. Ax-. Unit, which is a 300 kilowatt rated unit.

Mr. Hennen in %is *estir..ony has discussed the energy output of each of these
types of machines. Additicna.ly we have locked at the MOD-2 Unit cn an
individual basis. Our estimates for these costs are very preliminary based
on manufacturers data only and no experience. fir. Hennen has discussed the
IHOD-2 Unit in his testimony.

Our evaluation assumed that the units would be installed either on 7-1-1983,
or 11-1-1937. This was done for comparison purposes with the installation
dates of other units considered in our studies. We have calculated the interest
during construction and inflation to determine the investment cost required on
those in-service dates. Exhibit (JPL-8) is a sum.ary of the estimated
construction ccst of the various units analyzed.

Additionally we made an an&!ysis of the lcca U'nits wilth the electrical
gererator and equipment price re".ced by 50%'. Ths was done to test

the sensitivitv of t.-- .:c, ,1:- s,.:uld costs dec .e-_ due to

incraased - - if 7-.;s- c-st s.... e t
wir.d generator and supporting structures for the wind generating equipment.

As injicated, we have ev: luated- the units in eit!.er a 100 unit array, which
would rean that the units woLld L-_ instalied in an array on a coon site,
each separated by ten blade dia.ete,-s or blade heights, depending upon the
type of unit. This instaliation would have advantages for operaticn and

. r;.ar,:nc ra ",-" ,Ss, ;'2.

We have a!so eva I uated tnt impacz of taen] te sa,-.e iC.- un its of either tne
WTG or Alcoa type and installing them at dispersed locations throughout the
Dairyland system. The detailed advantaces of this type of installation will
be presented by, Mr. Hrnnen.

Based on the estirated construction c.sts sho:.'. in Exhibit ( JPL-8 )
as .- 1l as the estimated operation and maintenance costs shown in Exhibit
(JPL-9): we have determined the levelized annual ccst of energy from each
of the systems studied. The annual cost analysis to determine the levelized
cost of energy from the WECS system was based on a facility life of 35 years,
which hasn't been prcven for wind machines.

Also included in the analysis for both the kI'TG 100 unit array, and the Alcoa
100 unit array, is a land revenue credit. There are wide areas of land
-ailable between each windmill in the array that could be grazed or planted.

, ',ined that this land could be rented for agricultural purposes
and thercfore zu ,.x:' from this rental is r-pplied as a credit to the
annual costs of these pians.
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WH'AT WERE THE RESULTS 011 THESE A.NALYSES?

The economic analysis of the WECS'systems studied indicate that the levelized
annual cost in cents per kilowatt hour range from 9.6t oer Lilow'att hour to
17.44 per kilowatt hour for systems installed in 10,003. The systern installed
in 1987 would have similar costs ranging from 12.8, per kilowatt hour to 23t per
kilowatt hour. A summu~ary of the levelized annual cost in cents per kilowatt
hour is inciuded as Exhibit (JPL-lO).

DID YOU PERFORM ANY SENSITIVITY ANALYSIS IN CONJUNCTION WITH YOUR ECONOM~IC
ANALYSIS?

Yes, we have analyzed the sensitivity of our original analysis.

For study purposes we reduced the Alcoa generator costs, which includes the
wir~d generator and all supporting structures, by 50%3, to determine the effect
upon the annual costs of the economies that could be gained by -mass prodcir
wind cenerating equipment. We selected the Alcoa Un't because it appeared to
be -the lcwest cost unit compared to the WTG units. This sensitivity analysis
is shown on~ Exhibit (JPL-lO). Yitihe present Dairyland financing and
7resent prcperty tax rates the levelized annual cost of energy from
these units range frcm about 12d per kilc'.,att hour for unitS installed in 1983,
tc arcund_ l5ttc i 7 per il:tthour if' a unit is instatle in t9'07.

.~ticn2 %.1 e ar analysis1 assu';-':C -±:cz :t~ ~ ese VECS esvct-s
cou; (A le f ina.Ced .us-ing industrial develipr.ent bon_" finarcino w.,hich has a
interest rate approxim.ately 2% lower than D-a'rylan~ s conventional scurce of

finnci~,and also th,-t tne State of Wiscnn cuid noct tax thease syste:ms
Ar~i therefore sutsid-*,e --ham to some extent. Using 'these re.duced interest rates
end prcper-P.taxes, iw.e hc~'e calculated the ieveliZlet annual ccst in cents per
kilowatt hocur for units instaiied in 1983 and in 1-187. These costs rail,_-- fromi

L-~ n -

18.4 par ki io-e:at h:cui . A su,-rnary OfThleeie ann~ual cost with the
industrial develo;pmant bond financing and property3 tax relief, is included in
EXhibit (JPL-10).

WHAT HAVE YOU CONCLUDED AS A RESULT OF THIS WECS ANALYSIS?

Based upon the results of this analysis of the WECS system it would appear
that the costs of WECS systemns, particularlyv the smaller 100 and 300 kilowatt
units, are not economically comparable to fuel prices from conventional fossil
units. WE prepared a levelized cost of fuel analysis for Project F7, which
indicates over the 35 year life of Project 87, that the level ized fuel cost
would be about 4.7t per kilowatt hour, with fuel escalation at 7Zper-year..

With fuel escalaticn of 10% per year, a levelized fuel cost for the
35 year peric d ff 7.6-, per kilowatt hour would result.
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Due to the vagaries of the wind WECS can be counted upon only as fuel savers
and not as firm capacity for utilities. Therefore, it is proper to compare
the annual costs of i wind system'to the annual costs of a fuel which it will
replace. As the Dairyland system prcduces most of its energy with coal-fired
steam generating equipment, it would be proper to compare the fuel costs from
these steam units to the levelized annual cost of the WECS systems:

Based upon our analysis it would appear that the larger MI.D-2 WECS
may be economically justifiable as a fuel saver in the future. The smaller
200 and 300 kW units do not appear at this time to be economically comparable
to the fuel cost from fossil units. It would appear that Dairyland should
continue to monitor the development of the MOD-2 WECS
It should be pointed out that the MOD-2 has not been built and the costs used
in this analysis are costs based on estimates developed in 1977. T.e first
installation of the MOD-2 program is a cluster of units to be installid
by the Bonneville Power Authority in late 1980, or early 1981. The research
and development of the WECS is rapidly getting under way, Dairyland
is cormriitted to monitoring these programs to determine their applicability
to the Dairyland system.

COES THAT cC:CLOE YCUR TESTIM.'ONY?

Y'
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Table JPL-3

EXHIBIT

DAIRYLA14D POWER COOPERATIVE

MISSISSIPPI RIVER HYDRO POTENTIAL

DpC(a) C. of E. (b) CAI(C)
Location Dam No. MW MW MW

Red Wing 3 5.1 4.8
Alma 4 9.6 8.8 5.3
Fountain City 5 13.7 14.0 7.0

Winona 5A 6.6 6.6

Trem~pealeau 6 6.1 7.4 6.6

Dresbach 7 10.4 12.6
Genoa 8 14.7 14.0 10.0

Lynxviile C; 9.6 9.6 8.7

G u t t e ntr c 10 12.2 13.6 8.0

ta) Hy&ro Potential calculatedi by DPC based upon average head

ansd f'cw data for the 5 year period 1974-1978.

(b) Ccr-;s c" L!n*n-rs Hy'~r_ oeni1

(c) Cc-.onwealth Associates Hydro Potential based upon the
results of the Genoa Hydro Appraisal Study.
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TABLE JPL-4

EXHIBIT

DAIRYLAND POWIER' COOPERATIVE
ESTIMATED CONSTRUrCTION COSTS

GENO0A HYDRO PROJECT
1/1/80 -$1000

Est. Cost
DIRECT COSTS $1000

Land & Lan~d Rights 150
Power Plant Structures 3,705
Reservoir, Damns & Waterways 1,849
Turbines & Generators 10,945
Accessory Elect. Equip. 946
Misc. Po,.:er Plant Equip 307
Roads 8
Transmission Station Equip 700

Total Li-ect Ccs-ts 18,610

NDIRECT COSTS

?'isc. !;i,-Jlect Ccnst. 1 ,100

inct f .re: t 1 ,650

ILegal Excae'ses 100
Administrative & Gan.eral 250

Iota' 0O.er;-eaj Co st s 2,153

TCTAL PROJECT COST 1/11/82 $22,410

ESTIMLATED COST ... Cc~roleticr 7/1/83 Completion 11/1/87
$1000 $./kW $1000 $/kW

Project Cost $22,410 $3,201 $22,410 $3,201
Int. durin~g ccnstructicn 3,3114 473 5,782 826
Escal ~tion 4,659 666 11,624 1,660

Total Cc-,t S30. Z2C3 $4,340 t$39,816 $5,63S
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TABLE JPL-5

EXHIBIT

ECONOMIC ANAL.YSIS
STUDY ASSUMTIONS

Interest

REA guaranteed loan funds 91%

Industrial development 72.

Interest during construction 7. 500

Annual Escalation per year

I nvestment 7%'j

Oprti. Costs 7%

Insurance Costs 41V

Propertv 7axs

Minneot 35 year

Foid 35 years

B-15



AN:UAL COST ANALYSIS TABLE JPL-6

GENOA HYDRO PROJECT

UNIT DATA

Generating Capacity 7,000 kW

Annual Energy 52,000 ?,VA

ESTIMATED COSTS $1000 S/kW

Investment

1/1/80 22,410 3,201

7/1/83 30,383 4,340

11/1/87 39,816 5,688

ANNUAL OPERATING (70)

1/1/80 48

7/1/83 63

11/1/87 82

-,S10,,,4C- (4w)

l/l/80 12
7/1/83 14

1 14

Assumnti ons
I n t e;'e~tFaec

Salvage VLue 0

TaxEs 2.2% ;iirnesota

Fixed Ca:. Rete (FCR) CPT + Taxes

CRF = 9, 50 yrs : 9.12%

FCP = 9.12: + 2.2% : 1I....

LEVELIZED COSTS - $1003

In Service 7//83 In Service 11/1/37

Fixcd Cost S3,44C $4,507

Operating Cost 173' 26

Insurance 23. 26
3,6?6 4,75Te

Total Annual Cost r.6c  4.15

Annual Cost - ¢/k' B-.6-
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2,-'UAL COST 4.A,,LYSIS 

CrE':3A HYDRO PROJECT

UN!T CATA

Generating Capacity 7,000 kW
Annual Energy 52,000 VUA

ESTIMATED COSTS $1000 $/kW
I nvestm.ent

1/1/80 22,410 3,201
7/l/83 30,383 4,340

11/1/87 39,816 5,683

,-,,,. OPERATING (7-9)

1/1/80 48.

7/1/83 63
11/1/87 82

1 /1/201
7,' /E 3

. s'-.=- i C -is

S-AIv.ze V-lue 0

Charze 'Rate f,. = CRF + Taxes

CRF -50-yrs = 7.25%

CR 7.25 - C = 7.252

LEVELIZED COSTS - $M003

in Service 7/1/83 In S rvice 11/1/87

zft.: Cost $ 2,203 $ 2,887

Operating Cost 173 226

Its'.rance 23 26

T."::-' Anrul C,';5 2,399 3.13q
Annral Ccst - . 4.61 6.03B-17
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TABLE JPL-8

EXHIBIT

WIND ENERGY CONVERSION SYSTEMS
ESTIATED CONSTRUCTION COST

COSTS IN $1000

Construction Interest Total Co
Cost During on In Se

Syste 1/1/80 Construction inflation Date

UNITS IN SERVICE 7/1/83

WTG-100 Unit Array 26,724 3,725 5,764 36,213

WTG-IO0 Unit Diversified 28,934 4,033 6,240 39,207

Alcoa-100 Unit Array 26,965 3,759 5,816 36,540

Alcoa-lO0 Unit Diversified 24,881 3,468 5,365 33,715

Alcoa-!O0 Unit Array* 19,455 2,-13 4,198 26,376

Alcoa-lOG United Diversified* 17,381 2.423 3,74S 23,E52

MOD-2 3,031 423 545 4,099

- 7:D'Trc 1 1 Pc

-1" Unit Array 26,724 4,E. i6,114 47,734

, G-1OU Unit Diversified 28,934 5,301 7 7,€47 51,6?2

Aicca-1O0 Unit Array 26,955 - 16,25 4S,165

Acoa- A rt Arra,.,* 19,465 -,3- 11,727 34,768

Alco-z-10: Unit Diversified* 1-7,381 3,1-- 1C 48E 31,045

3D-2 3,031 5-1 i,S28 5,4Vi

*Cost cf wind generating equipnent

re uced by 50%.
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EXHIBITTABLE 
JPL-9

WIND ENERGY CONVERSION SYSTEMS

ESTIMATED OPERATING COSTS

AND ANNUAL ENERGY OUTPUT

Operation Insurance Energy installed
SytmCosts Costs Outpr"t Capac-ity

______System ______ 1/1/80 1/1/80 ______ ______

01 TS IN SERVICE 7/1/83

WTG - 100 Unit Array 540 9 31,0,?0 210

IT G - 100 Unit Diversified 600 9 33, 7 C0 2 0

Alcoat - 100 Unit Array 450 E -:-

Alcca - ICO Un~it Diversified 600 8 EC3

£1l 7 ----
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JPL-IO

EA, HIBIT

WIND ENERGY CONVERSION SYSTEMS
SU.MARY OF LEVELIZED ANNUAL COSTS

1. Levelized Cost Assuming Present Financing and Property Tax Rates.

Levelized Annual Cost - /kWH

Systm Installation 7/1/83 Installation 11/1/87

W'TG - 100 Unit Array 17.4 23.1

krTG - 1C' Unit Diversified 15.4 20.5

Alcoa - 100 Unit Array 16.2 21.4

Alcoa - 1,O Unit Diversified 13.9 18.4

Alcoa - 100 Unit Array* 12.6 16.8

Alcoa - 100 Unit Diversified* 11.0 14.7

*Cost T'f '.:ir cenerating equipment reduced 50V

X D 3 -2 9.6

Prc-ect E7 Fue- Cst - 75 -- Ezc1ition 4.7
"'"Esc!:Taticn 7.6

!-. Le'. Z-z. Ccst A Ss -ng industrial DeveIc rt Eon -. rzr.2 ar.
P-r.erty T: .e'eT.

Leveized Ar':' C -

Svt- lnst-l1aztizn 7/.Et :.,at.c.7 /7

- iC Unit Ar.'ay 13.8 .8.

T - ,0 ."t ,"'e:'ifie 12.5.4

A1,a 3 UrIt Arry 12.3 75. 4

Alcoa - iC 0lit Diversified 11.3 1-.C

Alc-,a 100 Unit Array * 9.9 13.3

AIcca 100 Unit D ;,2rsified* 0.4 ,2.5

*Cost of wi'd Gen.rating equipment reduced 501

f. - 2 7.4 10.

Proiect 87 F-el Cost - 7m Escalation -
10 Escalation - 7.
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DEPARTMENT OF THE ARMY
ST PAUL DISTRICT. CORPS OF ENGINEERS
1135 U S POST OFFICE & CUSTOM HOUSE

ST PAUt, MINNESOTA 55101

REPLY TO
ATTENTION OF:

NCSED-PB 6 July 1981

NOTICE

LOCK AND DAM 8

HYDROPOWER RECONNAISSANCE STUDY

The St. Paul District, Corps of Engineers, has initiated a reconnais-
sance study to determine the potential for hydropower generation at the
existing Corps of Engineers navigation lock and dam 8 on the Mississippi
River near Genoa, Wisconsin. The reconnaissance report culminating the
study will be completed by September 1981.

The intent of the reconnaissance study is to establish, in a general
way, whether hydropower production at lock and dam 8 is economically
justified and assess the issues that may be critical to implementation.
Existing information will be used to the extent practicable, particularly
the appraisal study of lock and dam 8 by Dairyland Power Cooperative.
The reconnaissance study will not provide detailed formulation of a plan
or optimal scale of development. Rather, the study will show whether at
least one plan is workable and feasible. If a plan is found justified, a
more detailed feasibility study will be recommended to start in fiscal
year 1982 which begins I October 1981.

Because the reconnaissance study is preliminary, an intensive public
involvement program is not planned. Agencies and interests are being informed
of the study at its outset and invited to participate by this mailed notice.
News releases to the general public will be prepared, as appropilate. When
the reconnaissance study is completed, a public meeting will be held to
discuss the report and its findings and help direct feasibility study
efforts, if further studies are recommended in the reconnaissance
report.

At this time, we request your input and suggestions regarding the study.
Your comments can be sent to:

Commander
St. Paul District, Corps of Engineers
ATTN: Planning Branch A
1135 U.S. Post Office and ..m ..-.
St. Paul, Minnesota 55....

/ BADGER
S Colonel, Corps of Engineers
S Commander
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Mr. James Calvert Honorable David F. Durenberger Mr. Al Smith

Project Manager Room 174 Federal Building Suite 509

Commonwealth Associates 110 South 4th Street 512 Nicollet Mall

209 East Washington Avenue Minneapolis, MN 55401 Minneapolis, ' 55402

Jackson, Michigan 49201

Mr. James Adducci Honorable Arlen Erdahl Mr. William Gaudreau
Dairyland Power Cooperative House of Representatives 1 Hospital Trust Plaza

2615 East Avenue South Washington, D.C. 20515 Suite 2401

La Crosse, Wisconsin 54601 Providence, RI 02903

Mr. Robert Bauer Honorable Arlen Erdahl Roger Ardt

Department of Energy 33 East Wentworth Avenue Director

Region V West St. Paul, MN 55118 St. Anthony Falls Hydraulic

175 West Jackson Blvd. Laboratory
Mississippi R. at 3rd Ave. SE

Chicago, Illinois 60604 Minneapolis, MN 55414

Mr. Hugh Gardner Division Engineer

Department of Energy U.S. Army Engineer Division,

Region V North Central -
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United States Department of the Interior
FISH AND WILDLIFE SERVICE IN REPLY REFER TO:

TWIN CITIES AREA OFFICE
530 Federal Building and U.S. Court House316 North Robert Street

St. Paul, Minnesota 55101

AUG 131981

Colonel William W. Eadger
District Engineer, St. Paul District
U.S. Army Corps of Engineers
1135 U.S. Post Office and Custom House
St. Paul, Minnesota 55101

Dear Colonel Badger:

This responds to your July 6, 19oi, notice requesting our comments on
the preparation of reconnaissance studies for hydropower generation
at lock and dam 1, 5, and 8 on the Mississippi River in Minnesota and
Wisconsin. We offer the following comments to assist you in the prep-
aration of these studies.

Existing Fish and Wildlife Resources

Lock and Dam 1 -- Fish and wildlife populations are somewhat limited
in the Minneapolis pools primarily because of the lack of shallow water
habitat, the relatively small size of the pools, and industrial devel-
opment along the riverbanks. Occasional periods of poor water quality
further reduce the value of fishery habitat. However, valuable habitat
for upland species can be found on the wooded bluffs along Pool 1.
Sport fishing is common in the pools despite the relative lack of quality

fishery habitat. Firearm restrictions prohibit hunting in the urban
areas.

Fishery habitat is limited but generally good in Pool 2 upstream of
downtown St. Paul. However, the quality of fishing declines in the
lower portions of the Minnesota River and downstream portions of Pool
2 because of poor water quality. Valuable wildlife habitat can be found
in the areas of Crosby Lake, Pigs Eye Lake, and Grey Cloud Island and
on the Minnesota River within the Minnesota Valley National Wildlife
Refuge and Black Dog Lake. Pigs Eye Lake, located in Pool 2 downstream
cf downtown St. Paul, has a unique heron-egret rookery located at its
border. This rookery is maintaining itself and contains black-crowned
night herons, great blue herons, and common egrets.
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Sport fishing is provided in the tailwater areas of lock and dam 1 and
at the outfall of Black Dog Lake. Hunting is prohibited in the majority
of Pool 2 and on the Minnesota River within the metropolitan area.

Lock and Dam 5 -- Significant areas in Pools 5 and 5A are managed as
wildlife refuges (UMRWLFR, Trempealeau, Wisconsin DNR areas). Pool
5 provides excellent and diverse habitat for both fish and wildlife.
The backwaters of the Weaver Bottoms and Belvidere Slough provide ex-
cellent spawning, nesting, and rearing areas. A large portion of the
Weaver Bottoms is closed to waterfowl hunting and provides an important
resting and feeding sanctuary for migrating waterfowl. Pool 5 is also
used extensively for public recreation (hunting, fishing, trapping,
camping, and boating). Sport and commercial fishing, waterfowl hunting,
and trapping are considered excellent in Pool 5.

Pool 5A also provides valuable fish and wildlife habitat. The Fountain
City Bay area and the extensive areas between Fountain City Bay, Wisconsin,
and Minnesota City, Minnesota, provide exceptional fishing, hunting,
and trapping opportunities. A large heron and egret rookery exists
in the Fountain City Bay area. In addition, Pool 5A is used heavily
for public recreation. One major park -- Merrick State Park in Wisconsin
-- is located adjacent to the pool. Several private developments provide
additional recreational facilities. In addition, two archeological
sites on the Minnesota side of Pool 5A are on the National Register.
The Wisconsin Department of Natural Resources (WDUR) has designated
one natural area -- Kammeroski Rookery at River Mile 734.

Lock and Dam 8 -- Significant areas in Pools 8 and 9 are also managed
as wildlife refuges (UMRWLFR and State refuge areas). Pool 8 provides
valuable fish and wildlife habitat and hunting, fishing, and trapping
are considered excellent throughout the extensive backwater areas.
In addition, backwater areas provide valuable resting and feeding habitat
for migrating waterfowl, including canvasback ducks. A heron and egret
rookery exists in the delta of the Root River. Pool 8 is also used
extensively for public recreation. Two archeological sites have been
documented on the pool, one at Goose Island and another along the Wiscon-
sin shore at River Mile 693.5. Wisconsin has designated a natural area,
Turtle Nesting Site, at River Mile 685. Most of the pool lies within
the La Crosse District of the Upper Mississippi River Wild Life and
Fish Refuge.

Pool 9 also provides excellent fish and wildlife habitat. Backwater
areas provide valuable resting and feeding habitat for migratory waterfowl

B-28



including canvasback ducks. In particular, areas near Lansing, Big
Lake, Reno Bottoms, and Winneshiek Slough provide outstanding fish and
wildlife habitat. Most of the pool lies within the Lansing District
of the Upper Mississippi River Wild Life and Fish Refuge.

Pool 9 is also used extensively for public recreation. Hunting, sport
fishing, trapping, and commercial fishing are considered outstanding
in the pool. In addition, Pool 9 contains several cultural, natural,
and scientific areas. A number of Indiah mound sites are in the area
including Waukon Junction, Keller, Capoli Bluff, Hemingway Mound Groups,
and the Effigy Mounds National Monument. In addition, the Iowa State
Preserve Board owns the Fish Farm Mounds Preserve south of New Albin,
Iowa.

Several federally designated endangered or threatened species have been
known to occur in these areas of the Upper Mississippi River. The bald
eagle (Haliaeetus leucocephalus), classified as a threatened species
in Minnesota and Wisconsin and endangered in Iowa, winter in numbers
on the Upper Mississippi River, concentrating below dams or near the
mouths of tributaries where fish provide a ready food supply. Also,
the endangered Higgin's eye pearly mussel (Lampsilis higginsi) inhabits
portions of the river. Historically, the endangered peregrine falcon
(Falco peregrinus) has also been known to occur in areas along the Upper
Mississippi River.

Concerns

Construction and operation of hydropower facilities at the above loca-
tions will impact fish and wildlfe resources, the extent of which must
eventually be documented should the projects appear feasible. A major
concern involves potential effects to existing daily and seasonal water
levels. A change in such levels could result in adverse impacts to
wetlands, backwater areas, shoreline habitat, and associated fish and
wildlife resources and may also conflict with the management of refuge
lands. Regardless of a change in water levels, the location of the
generating facility and its operation could alter existing flow patterns.
-isting flows are fairly uniform across the river at the above locks

and dams. Concentrating a portion of this flow through the generating
facility could affect existing upstream and downstream flow patterns,
terrestrial and aquatic habitats, possibly increase scouring and erosion,
and affect the existing tailwater sport fisheries. We would be particularly
concerned about this funneling effect during low flow periods.
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We are also concerned with potential injury and mortality of aquatic
organisms due to entrainment through the generating facilities. Im-
pingement of organisms may also be an important factor if screening
devices are used at the intakes. In addition to design, construction,
and operation of the generating facility, construction of required
transmission lines, corridors, and other facilities could also result
in adverse impacts to fish and wildlife resources.

As stated earlier, most lands in the vicinity of lock and dam 5 and
8 are included in the Upper Mississippi River Wild Life and Fish Refuge.
From the refuge standpoint, we are concerned that project construction
and operation may adversely impact these holdings. Proposals for
construction of hydropower facilities at these locations must, therefore,
be closely coordinated with the Service.

The above concerns should be adequately addressed in the future studies
if the addition of generating facilities appears economically feasible.
We also suggest the projects be closely coordinated with the Wisconsin

and Minnesota Departments of Natural Resources and Iowa Conservation
Commission where appropriate. We appreciate the opportunity to offer
our comments on these projects and look forward to our continued co-
ordination on this matter.

Sincerely yours,

James L. Smith
Acting Area Manager

cc: UMRWLFR, Winona, KNI
UMRWLFR, LaCrosse, WI
UMRWLFR, Lansing, IA
MN Valley NWR, Bloomington, MN
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Wisconsin Power & Light Company
Investor-owned Energy

222 West Washngton Avenue P. 0. Box 192 Madison, Wisconsin 53701 Phone 6081252-3211

August 27, 1981

Department of the Army
St. Paul District Cor2s of Engineers
1135 U.S. Post Office and Custom House
St. Paul, MN 55101

Attention: William W. Badger, Colonel
Corps of Engineers Commander

Re: Hydro Power Reconnaissance Studies

Gentlemen:

We are in receipt of your notices dated 6 July 1981 regarding
reconnaissance studies to determine hydro power potential at
existing Corps of Engineers lock and dam Nos. 8 at Genoa,
Wisconsin, 5 near Fountain City, Minnesota, and 1 at Minneapolis,
Minnesota.

Since Wisconsin Power & Light serves an area bordered in part by
the Mississippi River and contiguous to other Corps of Engineers
locks and dams, we are very much interested in the developmcnt
and conclusions of the subject studies. We woul appreciate
receiving copies of these studies and any similar work in progress
or proposed, particularly with regard to lock and dam Nos. 9, 10,
and 11 at Lynxville, Wisconsin, Guttenberg, Iowa, and Dubuque,
Iowa, respectively, which are adjacent to areas we serve.

At this time we have no specific input or sucgesticns to offer to
apply to the work at hand, but are prepared to assist in any way we
can. Please do not hesitate to call on us if we can be of service
on this or similar work.

Very truly yours,

C. ister

Direc o of System
Operat nsand Planning

WCR/jml
cc - Mr. James H. Dudley

Mr. W. L. Keepers L-31



FEDERAL ENERGY REGULATORY COMMISSION
CHICAGO REGIONAL OFFICE

230 SOUTH DEARBORN STREET. ROOM 3130

CHICAGO. ILLINOIS 60604

September 10, 1981

Mr. Louis Kowalski
Chief, Planning Division
St. Paul District, Corps of Engineers
1135 U.S. Post Office & Custom House

St. Paul, Minnesota 55101

Dear Mr. Jenkins:

Your August 4, 1981 letter requests power values for use in the reconnais-

sance study for addition of hydropower at Lock & Dam No. 8 at Genoa, Wisconsin.
Proposed development would consist of adding 8,750; 10,500 or 14,000 kilowatts
of new capacity.

Power values, based on a coal-fueled steam-electric plant as the most likely

alternative to each of the proposed hydroelectric developments, are summa-
rized in the attached table. These are "at-market" values; no transmission
line costs for the hydroelectric development have been included.

The energy value for the hydroelectriL development is determined by the

difference in total system operating cost between a system utilizing the
proposed hydroelectric installation and one using an equivalent size altern-
ative steam-electric generating plant. Operating costs for the hydroelectric
project and its equivalent alternative were simulated using a probabilistic

production costing computer model. The POWRSYM Version 48 model was used

for this analysis.

Northern States Power Company was used as a "typical" system to measure the

annual production cost differences between future operation with the added
hydroelectric capacity and its equivalent alternative. Operation of the
system was simulated over the period 1980-2010 based on projected load and
energy requirements for the Northern States Power Company system.

The capacity values given in the attached table are based on the annual fixed

costs to install the alternative electric generating plant. A 5.0 percent
credit has been given to the hydroelectric capacity to reflect its greater
operating flexibility. In addition, the capacity value for the hydroelectric
plant has been adjusted to reflect relative value based on its availability in

comparison with the availability of the alternative steam plant. Accordingly,

the capacity value given is applicable to the installed capacity of the pro-
posed hydrolectric plant and already incorporates the consideration of depend-
able capacity.
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Energy values are also given in the attached table which recognize 'the real fuel
cost increases associated with multi-year operation of the system. Real fuel
cost escalation factors were taken from Department of Energy data published
in the October 17, 1980 Federal Register. Discount rates as specified in your
letter were used to levelize these costs over the 100 year period requested.

If you have any questions regarding these power values, please contact Mr. David
Simon of my staff at (FTS) 353-6701 and he will assist you.

Sincerely,

Lawrence F. Coffill, P.E.
Regional Engineer

Enclosure:
As stated

cc: Deputy Director, OEPR (3) w/encl.
(Attn: Director, DISA)

Simon,D.L./yb
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DOE/FERC/Chicago
September 1981

LOCK & DAM NO. 8 AT GENOA, WI ON THE MISSISSIPPI RIVER

Power Values at January 1981 Cost Levels:

Cost of New Capacity Additional Capacity Energy Value
Money Added Generation Value Current Escalated
Z (MW) (MWH) $/KW-Yr. $ /MW-H s IRW

7.375 8.75 46,600 100.00 20.4 41.4
10.5 53,200 93.70 20.6 41.8
14.0 62,300 67.40 21.2 41.9

8.5 8.75 46,600 113.20 20.4 40.6
10.5 53,200 106.00 20.6 41.0
14.0 62,300 76.2 21.2 41.1

10.0 8.75 46,600 132.50 20.4 39.6
10.5 53,200 124.20 20.6 40.0
14.0 62,300 89.30 21.2 40.1

12.0 8.75 46,600 161.50 20.4 38.4
10.5 53,200 151.30 20.6 38.8
14.0 62,300 108.80 21.2 39.9
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APPENDIX C

PROCEDURES USED IN

HYDROLOGIC POWER AND ENERGY ANALYSIS

For a reconnaissance tudy, there are three main items to be

determined for each plant size under consideration, to determine its

economic value and relative productivity. These items are the average

annual energy, the dependable capacity and the weekly generation. The

several options for plant capacity are selected to provide significantly

differing levels of development.

In each case, the available flow is considered along with the site

conditions, current development, design considerations and ecological

constraints. This process gives the best chance of finding an economically

feasible and otherwise justifiable project.

Average Annual Energy

The flow duration technique was used to estimate average annual

energy production. The daily flows for the period of record are grouped

into flow classes. Each flow class is then plotted according to its

cumulative percentage of occurrence. The curve (see Plate C-l) is assumed

to represent an average year.
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Since the head varies significantly with changes in flow, 5 years

Of data (representing wet, damp, average, dry and very dry years) were

compiled to determine a head-versus-flow curve. This gross head was

reduced by the estimated trashrack and tailrace losses to produce the

curve of estimated net head (also shown on Plate C-1).

The power available depends upon the factors of head (H) and flow

(Q). The amount of the power produced by the turbine depends upon these

factors and the efficiency of the turbine. The equation for power is

used to calculate the power for each flow class:

p= Q x H (kW)
13.7

As previously noted, this equation assumes an overall efficiency of 0.86.

For flows greater than the plant capacity, a mechanical availability of

90% is assumed. When c ,.city is in excess of flow, 100% availability is

assumed. Thus the plant factors shown have included reliability as a

consideration.

The estimated power for each flow class and option are plotted on

the flow-duration curve. Since the horizontal axis represents an average

year, the area under the power curves gives the average annual energy for

those options. The calculated values for each flow class and option are

shown on table C-2. The average annual energy is used to determine the

average annual energy benefit.
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Firm Power Evaluation

At certain times of the year, the demand for energy reaches a peak.

In the upper midwest region, there are two periods of peak demand, one

during July and August, and one during December and January. The firm

capacity is estimated for both of the critical periods and for the total

year. (See abi¢ C-3.) The firm power estimate given here is intended

to indicate the size of conventional plant which would provide the same

dependable capacity on the average. This approach considers 1) the sizes

of the conventional and hydro plants and 2) their relative availabilities.

The formula used is:

Capacity Firm, M7 = (Installed Capacity)(Hvdro Plant Factor)
(Conventional Plant Reliability)

Conventional and nuclear plants in this area have reliabilities from 63 to

95 percent, with an average of 83 percent. For this study, the conventional

reliability was assumed to equal 85 percent.

This procedure is essentially that recommended by the staff of the

Hvdroelectric Design Branch of the North Paci.ic Division, Corps of

Engineers.

Average Weekly Generation

To calculate the power values to be assigned to a proposed site, the

Federal Energy Regulatory Commission (FERC) examines the performance of
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each option within the proposed power network by using a computer program

for power network simulation. In order to do this, the proposed generation

schedule is required on a weekly basis. Weekly average flows for the period

of record were used to calculate weekly power values. These values were

adjusted so that the annual totals equal those for the annual flow duration

calculations. The average flows and weekly energy for each option are

shown on Table C-4.

C-4

i .. .. -~.. -..

7 7I



FLOW3-DUiA1W~f CUVFE *~;1~I:

LOCL AMDO DAM
4 6EAJOA, vJ1SCOr-jsIDj

A:{
.... ....

.. .. . .

4 j.4.

~177 >17_
....... V .. .. ..K

... .. . . . . . . . . . . . . .

I*i.... ... .-
+ ... .... . ....

Y.I o -r

t t T ft



IL C- J

.4.
; ':- I- - -- -

zo 1:

- -- r U- - -

cO -c

(a - Lqr ~-

~~VL



CCL

Lt

z~ v- c. 4

r cc-

* t

I, -W - - ----

0 'lux r- o

- 0 ,

~C--



COMPUTATION SHEET

- -- - . - - - .-

LocAiT Ti Dc-ek ? Y Ge rPAIscrv - /&JUSTED
- D0.'diPRICELE L

COMPU ED m NECK D myA;PROVE y

(~~JJCAtfoAD 0anvso %4

il 351 /39-

~~~~~Jill_ -~~7I~L_
___ i4 045 11$-ir~

14-95+ t , Al i ;o5- __ __

1 44-12 1.3 1 1'00 1,16 1570 ~ ___

. .f 1 3 3. z l- i O0 2n 1 _ _ _ _ _ _ _ _

.Dt'3~l 1.5 915 -o&3___ lcg5 __ ___ ___

_____~ ,.261I 9.o '7o3oQ &9__ -39____ _______

511+1i .- 3__1, .o' ____f - 51

~~1. l42 ~~t ~4 -e ___

4-0415 a _ __ __ _ _ _

UCSPr, ~ 2an.7s C-8



COMPUTATION SHEET
r4M aP OIC COaMPUTAIO fDA! AG

ssa LaCK. ANI) t:7A-m V vNJEsKLYG ~i~ ~bUTO- . --

OfCC LElVE L

COMPUTED my AHC10m'PPROVED my

wreK Ft ow for+ A r 6 j 6
WkUA' tf so. *o0-srro e0.

- 34 ~4 -7o&-97T 34

91 d 13 /C/O 1149__ _ _

53 L Th l
1  

_ __ ___L!i3 141

____ r6Y;~ ~ -bo- ._ - )01-2 II7 - hL-

u i0oo914 -7-9 0 i /010 1141 - _ _ __ ___

__:q ____~ 29 c92+ I j~~I I___

-1 I''i4D t4l U _ _ 117 1 ,i/ L ' _ _ _ _ _

4 91 V a 0 6 IR O_ _ o ?' / / ? / 1+ 1 '5 _ _ _ _ _ _

1 9 811 ~__ __ /0/09 / / 1J154 /~ 1 _

47 Hw'56 10 1459 ____ 11'71 1~ 1415 _ __

41 ____ c___ .u..o /1732 .J,51,40 _ _

50 14~55L q._ 1'5i ' 1"_1 11.4-1 130' - M44:~ _ _ _ _

05_ _ 185450 ?.1 11010. //0__ 17' /,910 . J ______ _

t6;iP3 9.5 1 fol" __0_7 /IqI~~i~ z __--___

___ _ __ WTMLS __ 4(000 532-oo (o7-300 _ _ _ _ _

Ncs Form Is 2 2 Doc ?B

- =ALA!'



.-. ~ ~

~
.

* ~
~ '~'.~~

;. ,...

APZUDIZ ~

?LW 07 STUDY



TAW *KCWSMi.SW

STO TZ UM SM

STOM~ im

ZCM OD M-CA MAYT

* sfws n - ic POWix zVAnUm. o
?UJCUowdtio St.t,.3

MA~mOKIC AND fISCA VLSS0

Naiuil FeA Ura

clural bsoffar"s

AMM-A

* 44

Fwe



APPENDIX D

PLAN OF STUDY

REPORTS DEVELOPED

STAGE I - RECONNAISSANCE STUDY

The study for hydropower addition will be conducted in two stages.

During the first stage, principal emphasis is on identification of resource

management problems, concerns, and opportunities. Because of the intro-

ductory nature of the planning process in this stage, the effort involves

analyzing a wide range of data, which may be more qualitative than quanti-

tative. The general purpose of this stage is to initially analyze the water

and related management problems and opportunities and evaluate in a pre-

liminary fashion alternative solutions. The product of Stage I is a recon-

naissance report which shows the results of the analysis; recommends or

terminates further study; and, if further studies are recommended, outlines

a plan for future studies.

STAGE II - FEASIBILITY STUDY

The feasibility report analyzes differences among alternatives and

the corresponding effects of trade-offs between the national economic develop-

ment and environmental quality objectives. Major study efforts will involve

collection and evaluation of required data and formulation of an optimum scale

of development. Recommendations will be made in the report for authorization

of the plan selected. However, the authorization by Congress, advance

p'anning, and funding by Congress will be necessary before any of the measures

recommended in the feasibility report could be developed.
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PUBLIC INVOLVEMENT

PUBLIC PARTICIPATION

The objective of public involvement is to actively involve the public

in hydropower studies to ensure that these studies respond to public needs

and preferences to the maximum extent possible, within the bounds of local,

State, and Federal programs, responsibilities, and authorities.

The public is any affected or interested non-Corps of Engineers entity

including other Federal, regional, State, and local government entities and

officials; public and private organizations; and individuals.

To be responsive to public needs and preferences, Corps planning must

include a continuous dialogue between the Corps and the public. The need

for cooperation and coordination among Federal agencies concerned with

water resources development has become more apparent as the Federal interest

in this activity has grown. The interests of affected States and involved

local interests are significant concerns and must be recognized and con-

sidered. In recent years, this has been amplified by general concern for

the environment, regional economic development, and social well-being.

It is the policy of the Corps to coordinate the hydropower program and to

resolve differences wherever possible. To accommodate this dialogue, co-

operation, and coordination, the Corps will hold workshop meetings periodi-

cally to discuss study progress and elicit reaction to potential proposals.

PUBLIC MEETINGS

In addition to developing an effective public involvement program

through citizen and agency coordination and informal workshops, the Corps

will hold two official public meetings to afford all interests full oppor-

tunity to express their views and furnish specific data on matters perti-

nent to the study. These meetings will be held after initial public

contacts and preliminary studies are undertaken through consultation with

the agencies and the public. The purpose of each meeting is described

as follows:
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a. At the completion of the reconnaissance study, when alternative

solutions are known but before a plan has been tentatively selected, a

midstudy public meeting will be held. A major purpose of this meeting

is to present the results of preliminary studies including the advantages

and disadvantages of the various alternatives to the extent that such

information has been developed and to further develop public views and

desires, particularly as they relate to the various alternatives.

b. A late-stage public meeting will be held after detailed studies

and before feasibility report completion. Findings of the detailed studies,

including the rationale for any proposed solution, and the tentative recom-

mendations will be presented. This meeting will ensure that any plan pre-

sented would be acceptable.

STUDIES REQUIRED

PLANNING

Planning studies will assess the power potential and issues related to its

development. Alternative solutions will be investigated. Current formulation

criteria and policies will be used to evaluate the development of alterna-

tive plans incorporating both nonstructural ( I ) and structural measures as

appropriate. Analysis of alternatives and impacts of trade-offs among

national economic development, environmental quality, and social well-being

will be assessed in selection of the best solution. The major study effort

will be to select a final plan that best meets overall needs and formulate

the optimum scale of project development. As an integral part of the plan-

ning effort, coordination will be maintained with the public throughout all

stages of the study. Report preparation and development will be a specific

responsibility of this study element. Also, by using sound planning prac-

tices the study schedule will be maintained.

(11 Nonstructural alternatives are not required for small-scale hydropower
projects of V..4 or less.
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ECONOMIC AND FINANCIAL ANALYSIS

The economic analysis deals primarily with development and application

of benefit-cost analysis which is the most frequently used and accepted

procedure for project economic evaluation. The objective of this analysis

is to relate all project economic benefits to all project costs accruing

to the project.

Studies to evaluate the economic worthiness of the project will include

formulation of alternative project cost and benefit streams, screening and

ranking of alternatives, benefit-cost analysis, and determination of risk

and uncertainty related to project outcomes.

Average annual costs, using current interest rates, will be determined

within the St. Paul District office. Annualized power value benefits will

be supplied by the Federal Energy Regulatory Commission (see the section

entitled "Power Value Analysis" in this appendix).

Financial feasibility deals with a project's ability to obtain funds

for implementation and repay these funds on a self-liquidating basis. If

the project is financed and operated by the Federal Government, finarcial

feasibility loses meaning because the project does not have to be selr-

liquidating in the short run and federally established interest rates

would be used for financial comparison. In this case, the economic and

financial analysis would essentially be the same.

A financial analysis for the project, however, will be done based on

non-Federal funding and operation. This analysis will consider the overall

credit market at the time of study completion as it relates to possible

funding of a hydroproject; inflation factors and how they affe - t the cost

of capital, cash receipts, and cash disbursements; and determination of

the project's minimum reverse requirement including a sensitivity analysis

of risk.
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ENGINEERING

The types of engineering studies that will be performed include hydro-

logic power evaluation, foundation, mechanical and electrical, civil features,

and design and cost studies. All of the studies undertaken will be acom-

plished using appropriate engineering standards, regulations, and guide-

lines and will be summarized in a report appendix for each study.

Hydrologic Power Evaluation

Hydrologic power evaluation establishes how much water can be diverted

through the turbines and the hydraulic head associated with this flow.

Studies for evaluation of power will essentially be an update and refine-

ment of the technique used in the reconnaissance study.

Related studies concerning the flow pattern changes resulting from

hydropower plant construction may be required. However, provision for a

physical model study which would completely evaluate flow changes is not

included in the work schedule and cost estimate section of this appendix.

Such a study is considered unwarranted at this time.

Foundation Studies

Foundation studies will consist of the necessary instrument surveys

to supplement existing boring and topography information in areas of any

considered improvements. Sufficient foundation investigations will be made

to determine the type and engineering characteristics of soils in any

development area from field examinations of exposed cuts and channel banks

ari from research of existing available boring data. Additional soil borings

and subsequent tests will be completed as appropriate.

Power plant channel design will include riprap if necessary. Final desin

of riprap will determine gradation, thickness, size and extent, and other

erosion or scour preventive features. These designs will conform to current

design methoC. -d criteria.
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Embankments will be designed which are safe against overtopping

during occurrence of the design flood and stable and safe under extremes of

operation. The embankments will be designed so as not to impose excessive

stresses on the foundation materials, have slopes .hat are stable under all

conditions of impoundment operations, and provide for control of seepage

through the embankment foundation and abutments as necessary. Final de-

signs will conform to current design criteria.

Mechanical and Electrical Features

Mechanical and electrical features convert the water's energy to

electricity. These features also control the energy and transmit it to a

power grid.

Studies will include evaluation of major equipment items such as the

hydraulic turbines; electrical generators; and a switchyard consisting of

a transformer, circuit breaker, and switchgear. Included also are support-

ing systems which control and protect these major equipment items. Evalua-

tion of maintenance facilities such as a crane for lifting is also included

under mechanical and electrical features investigations.

Because of plant size and likely marginal economic feasibility,

standardized turbines and complete generating sets will be evaluated for

application. In addition, relaxing the need for some of the traditional

control and protection equipment will be assessed.

Civil Features

The civil features of small hydropower additions include site prepara-

tion works, hydraulic conveyance facilities, and powerhouse and appurtenant

facilities.

Site preparation includes grading, foundation excavation, drainage and

erosion control, access roads and parking facilities, and construction noise

abatement and dust control. Hydraulic conveyance facilities include pen-

stocks, tunnels, canals, valves and gates, inlet and outlet works, and tailrac

]>6
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Powerhouse an( purtenant facilities include all structures for powerhouse

and equipment handling facilities, foundations for both the powerhouse and

switchyard, and fencing around the project area.

The civil features of small hydropower additions differ from those of

major hydropower installations. Feasibility of the project may hinge upon

adequate yet innovative designs for civil features. Therefore, studies in

addition to evaluating the above features will include the analysis of

appropriate outdoor type plants, portable lifting equipment for maintenance,

and reduction i., normal protection equipment.

Designs and Cost Estimates

Detailed project scope structural designs for all alternative features

will be undertaken. Such designs will be in accordance with accepted criteria

and guidelines. Design work will also include drafting of all report charts,

illustrations, and plates in accordance with drafting standards. A detailed

estimate of first costs will be accomplished including appropriate allowances

for advance engineering, design, and contingencies. The estimates of first

costs will reflect prevailing price levels for similar work in the area

and be based on recent price information. An estimate of annual costs in-

cluding appropriate allowances for operation, maintenance, and scheduled

replacement of major project features will be prepared. These annual costs

will be based on the interest rate prevailing at the time of report completion.

MARKETING ANALYSIS

The Department of Energy (DOE) is responsible for performing market

c.ralysis for Federal hydropower projects. The DOE will be provided a copy

of this reconnaissance report and other data it believes it needs to complete

its analysis. Its output would be a statement that power which the project

would produce could be marketed at a price that would ensure repayment of

project costs plus interest and operation, maintenance, and major replacement

costs within the required 50-year period. Results of the marketing analysis

will ue inc! "-i in the feasibility study.
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POWER VALUE ANALYSIS

Hydroelectric developments must be planned and evaluated as components

of comprehensive river basin plans as well as units of the electric power

supply systems in which they are incorporated. In regard to the above, the

Federal Energy Regulatory Commission (FERC) provides input to determine

financial and economic feasibility of Federal hydropower projects.

Benefits attributable to the hydropower projects are determined and

furnished by FERC in close coordination with the DOE and will be used in the

above-mentioned economic and financial feasibility analysis. Power values

are the benefits produced by a hydroelectric plant and reflect a measure of

society's willingness to pay for the power produced. Because willingness

to pay cannot be directly measured, power values are based on the surrogate

costs of constructing and operating the most probable alternative if the

hydropower project is not constructed. This cost is given as an investment

cost (capacity values) necessary to construct the most probable alternative

and the production cost (energy value) which results from operation of the

alternative.

ENVIRONMENTAL RESOURCES

The potential for hydropower development is being investigated at several

of the locks and dams within the district. Environmental studies will be

undertaken to identily the impacts of alternatives on the natural and human

environment. Specific studies will be undertaken in the categories of

natural resources, cultural resources, and social effects.

Natural Resources

The objectives of natural resources studies would be to:

a. Identify the principal natural resources of the study area.

b. Determine those significant resources which would be affected by

hydropower development.
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c. Predict the potential environmental impacts of each alternative.

d. Identify opportunities for restoration and enhancement of the

environment.

e. Recommend strategies for minimizing or eliminating impacts.

Natural resources studies conducted at one or more of the dams would

be applicable to all because of the basic similarities among all the

structures.

The tail water, the area immediately downstream of a dam, provides a

valuable and heavily utilized fishery resource at many of the dams on the

Upper Mississippi River. Studies would be conducted to determine what

factors (e.g., current velocity, water depth) are of critical importance

to the fishery and what effect the installation of hydropower would have on

those factors.

The diversion of the majority of the river flow through turbines would

have the potential to reduce dissolved oxygen levels. Studies would be

made to predict possible reductions by determining existing oxygen values.

Mthods of improving aeration during power generation would be investigated.

An area of concern in power generation is the potential for entrain-

ment (organisms drawn toward or into the turbine tube) or impingement

(organisms trapped on trash collection screens). The possible extent of

entrainment and impingement would be investigated. Screening and intake

designs which would minimize the effects would be reviewed as well.

It is known that various species of fish, including white bass and

sauger, move upstream from pool to pool. The extent and importance of this

movement is not well understood. The effect of hydropower development on

this phenomenon and the consequences would be investigated.
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The placement of cofferdams and other excavated material as well as

excavation itself (e.g., headrace, tailrace channels) would be detrimental

to aquatic communities through habitat destruction or burial of organisms.

The possible extent of such activities and methods of minimizing them would

be investigated.

Studies would also be conducted to evaluate impacts on the unique

significant resources of each individual hydropower site. Opportunities

to restore or enhance previously disrupted resources would be sought at

each individual site.

Recreation

The recreation studies will investigate and document any recreation

resource related needs, as identified by prior studies, that could be

satisfied by feasible recreation features incorporated in the national

economic development, environmental quality, and recommended plans of

improvement. Appropriate drawings, sketches, or illustrations showing any

proposed recreation facilities will be included in the feasibility report

along with' associated cost estimates. The location and extent of any lands

required for recreation resource development measures will be identified.

Annual average recreation benefits attributable to the provision of new

recreation resources will be determined in accordance with accepted guide-

lines. The need for and provision of project-related recreation measures

will be analyzed in light of Corps Resource Management Plans and local

and State recreation needs as identified in appropriate State Comprehensive

Outdoor Recreation Plans. Project-related recreation features that might

be considered include, but are not limited to, picnicking facilities,

boat docks, fishing areas, hiking and biking paths, scenic overlook and

pedestrian bridges, and other river related accesses. Provisions for use

of facilities by the elderly and handicapped will be considered in the

design of any recreation features.
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Recreatiu studies will be closely coordinated with environmental and

cultural investigations to assure compatibility among proposed design

features.

Social

Investigations conducted during the feasibility study will analyze

the social effects construction activities have on employment, community

services, safety and health, noise and air pollution, and local trans-

portation. Soci.al effects resulting from energy requirements and conserva-

tion will also be assessed. In addition, should significant amounts of

transmission facilities be required, impacts on property acquisition and

relocation, community cohesion, aesthetic quality, and land use will

also be assessed.

Institutional studies will investigate the consistency and impact of

Corps facilities with existing power generation and distribution systems.

Cultural Resources

Because of the extensive prehistorical and historical use of the Mis-

sissippi River valley, actions related to hydropower development, such as

powerline construction, stream diversion, channel flow changes, access

road construction, powerhouse construction and riprapping, would be pre-

ceded by a cultural resource study. Coordinationv"ith the National Park

Service, the State Historic Preservation Officer, and the State Archeologist

will be initiated.

I N RAOFFI CE COORDINATI ON

The requirements of the planning process necessitate an inter-

disciplinary planning approach to identify and define the planning objec-

tives, develop creative alternative plans, and analyze a broad range of

:or.pix issues, including the probable economic, social, and environmental

consequences of plan implementation. This is best accomplished by a plannin!

team which employs a diversity of professional skills.
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WORK SCHEDULE AND STUDY COST ESTIMATE

The feasibility study is scheduled to be completed in spring 1985.

Dates for the applicable study milestones are presented in the following

table.

Miles tone schedule
Miles tone

number Designation Completion

6 Submission of draft feasibility report Fall 1984

7 Stage 3 (Stage 2 for hydropower studies)
checkpoint conference Fall 1984

8 Completion of action on conference MFR Fall 1984

9 Coordination of draft environmental Winter
impact statement 1984-1985

10 Submission of final feasibility report and
revised draft environmental impact

statement to Division Spring 1985

To accomplish the schedule, the Corps needs funds as follows:

Fiscal year Amount

1981 $10,000

1982 10,000

1983 195,000

1984 170,000

1985 25,000

Total 410,000

The study cost estimate (PB-6) shows the breakdown of that funding.

The steps following submission of the feasibility report to authorization

by Congress are shown on the following figure
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APPENDIX E

ENVIRONMENTAL ANALYS IS

ENVIRONMENTAL SETTING

STUDY AREA

The study focuses on the area which would be affected by hydropower

generation at lock and dai. 8. This area extends along the Mississippi River

from La Crosse, 4isconsin, to near Lynxville, Wisconsin, and includes navi-

gation pools 8 and 9. Of primary concern are the areas immediately up-

stream and downstream of lock and dam 8 and any adjacent lands which may be

proposed as corridors for transmission lines.

NATURAL RESOURCES

Physical Setting

The main geographical feature of the region is the Mississippi River

valley. The valley in the study area ranges from about 2 to 5 miles in

width and is bordered by bluffs which rise from 400 to 500 feet above the

level of the river. In the vicinity of lock and dam 8 the river valley

is about 2.5 miles wide with the river channel occupying the eastern one-

fourth mile of the valley.

The floodplain soils are alluvial materials deposited since the last

glacial period (10,000 to 20,000 years ago). The soils are clay, silt,

and loam, sometimes sandy and often dark with organic matter. The subsoil

is sand, which grades to coarser gravel and sand. Soils of the wetland

areas are peaty and dark, derived from decaying organic matter. The soils

of the floodplain are underlain by glacial outwash. Soils of the uplands

in the study area are complex, with sandy loams on the stream terraces

and heavier loess-derived soils farther inland.
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The climate of the study area is humid-continental, with wide

temperature extremes. The yearly average temperature is 460 F and the

average annual precipitation is about 29 inches.

Terrestrial Resources

Vegetation - The woodlands in the watershed adjacent to most areas of the

Upper Mississippi River can be divided into two general groups; the upland

xeric southern forests of Wisconisin and Minnesota, and the southern low-

land vegetation ot the floodplain. The upland xeric forests are pre-

dominately oak forests (white oak, red oak, and black oak). They are

located on well-drained sites on either sandy and porous flat lands, on

south and west slopes of hills, or on thin soils on hilltops and ridges.

In the floodplain areas on the pioneer sites along sandbars, mud

flats, and other open places of recent soil disturbance, the usual forest

is dominated by black willow and cottonwood. On open sites near the up-

land edge of the wet ground, river birch or swamp oak are the usual

dominants. As both of these types mature, they are invaded by silver maple

and American elm. A summary of the vegetation composition (in acres) of

pools 8 and 9 is given in table E-1.

Table E-1 - Composition of the floodplain in pools 8 and 9(1
Habitat type (acres) Pool 8 Pool 9

Length of pool (miles) 23.2 31.3

Open water 14,963 20,068

Main channel 4,297 4,472

Side channels 4,978 1,979

S loichs 3,640 6,218

Ponds 278 1,054

Lakes 1,311 6,216

River (other than Mississippi) 430 77

Other 29 52

Aquatic and marsh vegetation 10,820 15,101

-nd herbaceous vegetation 3,100 1,408

Woody vegetation 6,832 14,465

(I) From: Minor, et. al., 1977.
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Wildlife - Much of the floodplain area in pools 8 and 9 is managed as

part of the Upper Mississippi River Wild Life and Fish Refuge. The extensive

bottomlands provide much valuable wildlife habitat. White-tailed deer, fox

squirrel, gray squirrel, cottontail rabbit, and ruffed grouse are important

terrestrial game species. Furbearers such as muskrat and beaver are common.

Trapping is an economically significant activity in the study area. The

Mississipi bottomlands in the vicinity of lock and dam 8, especially the

Reno Bottoms, Big Lake, and Winneshiek slough, are noted as feeding and

resting areas for a variety of migratory waterfowl and also provide excellent

habitat for many nongame species.

Aquatic Resources

Water Bodies - The Mississippi River within the study area is impounded by

lock and dam 8 at Genoa, Wisconsin, and by lock and dam 9 at Lynxville, Wisconsin,

to form navigation pools 8 and 9 of the waterway system. The Root River and

La Crosse River are tributaries in pool 8, and the Bad Ax and Upper Iowa

Rivers are tributaries in pool 9. The specific hydrological characteristics

at lock and dam 8 are discussed in the Hydrology and Power Potential Section.

A summary of the land and habitat composition of pools 8 and 9 is given

in table E-l.

Water Quality - In general, the water quality of the Mississippi River in

the study area is good. The hardness of the water is moderate, with total

hardness rarely exceeding 175 mg/l CaCO . Aeration characteristics maintain

the dissolved oxygen in excess of 60 percent during all parts of the year

(COE, 1974). The water has a brown color from the dissolved organic sub-

stances leached from forest floor areas.

Two potential sources of poor water quality are found in the project area.

The La Crosse Municipal sewage treatment plant discharges 15 million gallons

per day of treated effluent into the upper end of pool 8, and the Dairyland

Power Nuclear Generating Station at Genoa discharges heated water from the

main condenser just below lock and dam 8. Both of these sources are cur-

rently well within applicable compliance standards.
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Fisheries - The extensive water area and diversity of fish habitat in pools

8 and 9 of the Mississippi River support an abundant and diverse fishery.

Eight-six species of fish have been reported from pool 8 and 80 species

of fish have been reported from pool 9 (Rasmussen, 1979). This reach of

the Mississippi River has provided sport and commercial fishing throughout

man's development of the region.

The sport fish harvest has been relatively constant in magnitude, and

the diversity of sp'rt fish species ensures some stability to sport fishing

in the area. No Apecific data are available on sport fish harvest in pools

8 and 9; however, important fishing areas include the tail waters below

lock and dam 8 as well as the areas near the wing dams.

The commercial fishery in pools 8 and 9 is of economic significance.

The average annual total catch between 1973 and 1977 was about 905,000

pounds for pool 8 and 1,941,000 pounds for pool 9 (Rasmussen, 1979). Carp,

buffalo, catfish, and freshwater drum are the commonly harvested fish.

Pool 9 has the largest commercial harvest of any other pool on the Upper

Mississippi River, thereby demonstrating the value of its commercial fishery.

Some commercial clamming is also done in pool 9 although most clamming is

done in pool 10.

Wetlands - The abundance and diversity of fish and wildlife in the study area

are supported by a complex riverine wetland system. A variety of wetland

habitat occurs in the Mississippi River floodplain. Some of the most valuable

areas in pools 8 and 9 include the Reno Bottoms, Big Lake, and Winneshiek

slough. Vegetation ranging from submerged aquatic plants to bottomland hard-

wood forests provide scenic diversity and valuable habitat.

Significanc Natural Resources of the Study Area

The following resources of the study area are resources that are con-

sidered outstanding, critical, unique, and deserving of protection.
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Wetland Areas - The wetlands in the study area provide valuable habitat for

numerous game and nongame wildlife species. A heron and egret rookery exists

in the delta of the Root River, and the extensive backwater areas provide

feeding and resting habitat for a variety of migratory waterfowl. The Reno

Bottoms, Big Lake, and Winneshiek Slough are especially valuable areas which

provide excellent opportunity for hunting and fishing in addition to the aut-

standing fish and wildlife habitat. These wetland areas are widely recognized

as significant resources and are protected by several Federal, State, and

local laws.

Fisher! - The sport and commercial fishery of pools 8 and 9 is a significant

resource. Of special significance are the tail-water areas below the locks and

dams. These areas of riverine habitat provide the flow and substrate require-

ments necessary to maintain good game fish populations. Consequently, the

tail-water areas provide some of the best sport fishing on the river.

Refuge and Natural Areas - The following refuge and natural areas are found

in pools 8 and 9. These are significant resources because they have been

identified by State and Federal officials as being areas which should be

managed to maintain the existing biological resources.

1. The Upper Mississippi River Wild Life and Fish Refuge (U.S. Fish

and Wildlife Se'rvice) covers much of the floodplain in the study area.

2. West Channel Woods Natural Area (Wisconsin DNR) located just south

of La Crosse.

3. Waller Lake Floodplain Forest Natural Area (Wisconsin DNR) located

miles south of Genoa.

4. Lower Goose Island Natural Area (Wisconsin DNR), a floodplain area

located in the northwest corner of Vernon County.

5. Turtle Nest Islands, Forsters Tern Colony, Crosby Slough Natural

Areas (Wiscon- DNR), located just outside of Stoddard, Wisconsin.
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6. Mouth of Rush Creek Natural Area (Wisconsin DNR), located

immediately west and northwest of Ferryville, Wisconsin.

Endangered and Threatened Species

Consultation will be initiated during the feasibility study to determine

which endangered and threatened species might be found in the vicinity of

the project. Information will be requested from the U.S. Fish and Wildlife

Service and the Wisconsin and Kknnesota Departments of Natural Resources.

An assessment of notential impacts will then be made.

Significant Facilities

The following two facilities are listed as significant because of their

close proximity to lock and dam 8 and their reliance on river water for con-

tinued operation. The nuclear power plant at Genoa uses river water in its

cooling system, and the National Fish Hatchery 4 miles below lock and dam 8

requires river water for its operation.

Cultural Resources

The Mississippi River valley has been occupied from early prehistoric

human periods (approximately 12500 B.C.) to the present. Indian villages were

generally situated along the valley floor, and burial mounds were usually

built on the bluff tops. Historically, the valley has been a witness to the

earliest European and American explorers, traders, and settlers.

There are three recorded archeological sites within three-fourths of

a mile from lock and dam 8, in the Mississippi River valley. These sites

are: the 1 iver Road Mounds (47-Ve-ll), the Genoa Mounds (47-Ve-lO), and

an unnamed mound group (47-Ve-8). The cultural affiliation of these mounds

is unknown. As of 28 August 1981, no sites currently on or eligible for

the National Register of Historic Places are located in the immediate lock

and dam area.
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Recreation

The most significant recreational resource in the lock and dam 8 area

is Reno Bottoms. It is considered one of the most significant and important

sport fishery and waterfowl resources on the Upper Mississippi River. It

is estimated that pool 8 (including Reno Bottoms) supported 1,422,000

hunting and fishing occasions in 1980. The area also supports a consider-

able amount of boating, estimated at 282,000 activity occasions in 1980.
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ENVIRONMENTAL EFFECTS

The following is a general discussion of the impacts of construction

and operation of a hydropower installation at lock and dam 8. Potential

impacts of the action are discussed but a detailed analysis has not been

made.

NO ACTION ALTERNATIVE

There should be no direct impact on the existing natural resources of

pools 8 and 9 if hydropower was not installed on lock and dam 8.
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10-UNIT ALTERNATIVE

Construction Impacts on Natural Resources

A single option for the installationof hydropower is evaluated in this

report. This would be the placement of 10 tube-turbine generating units in the

bulkhead storage yard on the west end of the dam. An alternative which

utilized the placement of "lift-out" turbines in the tainter gates was

found not feasible 'ecause of structural and foundation considerations. New

altern-tives whici would use this approach will be formulated and evaluated

during the feasibility study. Impacts would likely be similar to those of

alternatives evaluated in this and other reconnaissance reports that require

cofferdams for construction.

The alternative that was feasible would require excavation of headrace

and tailrace channels through the land area used for the storage of bulkheads

used in the maintenance of the dam. Cofferdams would be placed around

the channel ends to permit dry excavation. Dry excavation permits the

stabilization of the channel sides and bottom so as to minimize increases in

turbidity when the channel is filled with water. The placement and removal

of cofferdams has the potential for increasing turbidity and sediment deposi-

tion for short periods of time. It would be necessary to properly treat and

dispose of seepage water removed from inside the cofferdam. Habitat for

benthic organisms would be covered by placement of cofferdams. Finally, it

would be necessary to dispose of cofferdam material in a suitable upland

site to avoid adverse aquatic or wetland impacts.

Noise which would result from the operation of construction equipment

may b, -tn irritant to people hunting or fishing near the project.

Wildlife habitat, including vegetation, may be disturbed near the con-

struction area depending upon the amount of space required for construction

equipment access, movement, and storage.
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Because there is no road access to the site, it would be necessary

to construct barge landings on both sides of the river to permit the

movement of construction equipment across the river. The extent of the

potential impacts of this action will be evaluated during the feasibility

study. The removal of these landings would require similar considerations

as removal of the cofferdams.

The construction of a transmission line corridor across to the Minne-

sota side of the river could have substantial effects on the wetlands

through vegetation clearing and soil disturbance. Placing elevated trans-

mission lines above the dam or across the Reno Bottoms would constitute

a hazard to migratory waterfowl. Because of the Genoa Nuclear plant,

much less new transmission line construction would be anticipated on the

Wisconsin side.

Operation Impacts on Natural Resources

Hydropower at Mississippi River locks and dams would be operated on

a "run-of-the river" basis. No storage of water and no pool fluctuations

would occur. It is anticipated that impacts would be confined to the

immediate vicinity of the dam.

Water quality would not be diminished by operation of hydropower

turbines. However, the turbulence which presently occurs when water passes

over the dam would no longer occur when all water passed through turbines.

It is likely that, if it proves necessary, structural means of reestablish-

ing the aeration would be possible.

Impingement of adult fish, eggs, or larvae would not be expected be-

cause trash racks or screens would have relatively large openings. Although

approach velocities have not yet been calculated, entrainment is not ex-

pected to be a problem. Mortality of fish passing through the turbines would

occur but is expected to be minimal because of the expected low pressure

and speed and relatively large clearance between the turbine blades and

the tube.
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The tail-water areas of the dams generally provide good to excellent

quality aquatic habitat. This alternative would result, during certain

periods, in the diversion of nearly the entire river flow through the

turbines. The distribution of flows, current velocities, and sediment

would change. The effect of these changes is unknown and would be investi-

gated during the feasibility study.

The diversion of much of the flow through turbines may interfere with

the upstream movement of fish. Little is known about this phenomenon in

the Mississippi River. The fish, such as sauger or white bass are not

considered to be migratory in the same way as salmon. Further study would

be required to determine the extent and significance of impacts resulting

from interference with upstream movement of fish. It can be noted, though,

that because of small head differentials there would be no power generation

at the times when fish could most easily cross the dam.

Any maintenance dredging of intake or outflow channels would destroy

benthic organisms and have the potential for causing elevated turbidity and

sediment deposition. It would be necessary to control turbidity and to

find suitable sites for the disposal of excavated material.

Impacts on Cultural Resources

Much of the proposed construction area for the installation was previously

disturbed by the construction of lock and dam 8. There is still the possi-

bility that historical and/or archeological sites will be negatively affected

by operations related to the hydropower development. The construction of

barge landings on either or both sides of the river may have adverse impacts.

The r. d for further cultural resource work will be determined during later

planning stages in consultation with the appropriate State Historic Preserva-

tion Officers and State Archeologists. Project coordination has been initiated

with the Wisconsin and Minnesota State Archeologists, the Minnesota and

Wisconsin State Historic Preservation Officers, and the National Park Service.
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Impacts on Recreation Resources

Any project-induced change of the inflow to Reno Bottoms would have

a significant negative effect on hunting and fishing. Alternatives which

would directly affect Reno Bottoms water flows were rejected.

The proposed development should not significantly affect general boating

in the area.

A privately owned fishing float is presently located approximately

100 feet below the dam. Fishermen are transported across the river by boat

by the owner of the float. High current velocities resulting from the

diversion of flow may require that the float be relocated. At a minimum,

the change in current velocity may diminish the quality of sport fishing

at the float. This will be further investigated during the feasibility

st udy.
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