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Introduction 

The following paper is a pre-feasibility study exploring the possibility of 

installing a micro hydroelectric power station (MHPS) on the Saw Kill Creek. Presented 

here are some of the major considerations that need to be made when designing, 

installing, and operating a hydroelectric facility. Each chapter approaches a unique 

aspect of the project, including the historical, technical, environmental, legal, and 

economic. I present three possible schemes for the installation, along with the pros and 

cons of each along the way. The details of each scheme listed in Table 1 are explained in 

detail later in the study: 

Scheme A SchemeB Scheme C 
Design Flow (ems) 0.26 0.54 0.82 

Power Output (kW) 24 60 90 
Pipe Size and Type 12" PVC 20" Steel 22" Steel 

Table 1: Some specifications for three possible design schemes 

Deciding upon a scheme comes as the result of a complex and iterative process in 

which the different technological options are compared from an economic viewpoint, all 

the while keeping the environmental impact in view. In the process of my research, I 

have made contact with various agencies, engineers, and other experts who have become 

interested in the project and are willing to help the college in pursuing the realization of 

whichever scheme it chooses as the most beneficial. A list of each person' s name, 

contact information, and role in the project has been provided in Appendix A. This study 

is meant to encourage Bard College to pursue the installation of a MHPS and to lay· the 

foundation for doing so. It may be seen as an open document to which other people may 

contribute as they see fit. 
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If nothing else, a MHPS will promote renewable energy in the region. Needless to 

say, hydropower is not the only renewable energy option for Bard College. The campus 

has already begun the process of becoming independent of the grid by installing a 

geothermal heating system at the Village Dorms, and in the near future the installation of 

photovoltaic cells on top of the Stevenson Gymnasium. Bard College is an EPA Energy 

Star Higher Education Partner, which means that the EPA is providing the college with 

energy management strategies. It is clearly on the college's agenda to continue the 

greening process, particularly at a time when the campus and student body is 

experiencing such incredible growth. There is much more that can be done, including 

installing a biogas generator at the sewage plant, photovoltaic and solar thermal systems 

on the roofs, and encouraging more community awareness about ~nergy efficiency. The 

need for renewable energy is discussed in greater detail in Chapter 1. 

Hydropower is an age-old technology that has been utilized for centuries in both 

developed and developing nations for milling grain, chopping lumber, and more recently 

for producing electricity. Our very own Saw Kill Creek, named f<;>r the many saw mills 

that once lined its banks, offers excellent possibilities for building a successful 

hydroelectric plant. In fact, from 1930 or so to 1971,-the Saw Kill powered a micro 

hydroelectric power station on the south side of the creek at Montgomery Place estate, 

parts of which are still standing, unused, today. Although the existing water pipe and 

powerhouse would have to be replaced or renovated, the basic shape of the power station 

is still there and could be rebuilt to the great benefit of both Montgomery Place and Bard 

College. If rebuilding the project at Montgomery Place turns out not to be an option, at 

least the old facility would provide a model for constructing a mirror image on Bard's 
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property. Information about the history of hydropower locally and nationally, as well as 

the basic physical principles of hydropower, is provided in Chapter 2. 

The following is a list of the various components of a MHPS: 

• The dam raises the water level high enough to divert water into a pipe. 

• The intake is an opening in the dam where water enters the system. It should 

always be submerged and should be covered by an intake grill to keep alien 

objects ( e.g. rocks and fish) from entering the pipe and possibly damaging or 

being injured by the turbine. The intake shape and structure may vary 

depending on conditions. 

• The settling pond is an area of slow-moving water where suspended objects 

are allowed to settle. The small pond created by the d~m is a natural settling 

pond and leaves the pond relatively free of debris. The intake grill is still 

necessary in the case of floods, the occasional rock, and fish. 

• The penstock pipe is the conduit through which the water flows to the 

turbine. It may be constructed out of many materials, including steel, 

concrete, and plastic. 

• Sluice gates are used either to isolate the pipe, isolate the turbine, or protect 

against a rise in the water level. If the flow exceeds the maximum capacity of 

either the pipe or the turbine-generator system, a series of gates may be closed 

to protect the equipment. 

• The turbine transforms kinetic energy and pressure energy from the water 

into rotational energy. The type and size selected depend upon the net head, 

flow patterns, and power demand, among other factors: 
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• The governor ensures that the turbine operates at a constant rate of rotation. 

It can be mechanically or electrically operated. 

• The generator converts the rotational energy of the turbine into electrical 

energy and is connected to turbine either directly or by a speed-increasing 

device. It may be synchronous for independent installations or asynchronous 

for grid-connected installations. 

• The power house protects the electromechanical equipment. 

• The tailrace is the aperture through which spent water flows from the turbine 

back into the creek. 

While there are many other pieces needed in the installation of any MHPS, these are 

the main ones. Chapter 3 describes each of these components, alo.ng with suggestions for 

their specifications, in greater detail. 

One of the few conundrums ofhydropower is that in the process of helping the 

environment, it also imposes negative environmental impacts. Even though micro 

hydropower is one of the most benign sources of energy, the electromechanical 

equipment involved may cause fishkills, the dam may prevent the passage of migratory 

fish, the diversion of water may be so great as to alter the environment at the water 

margin, and a badly designed facility can be noisy and unsightly. All of these effects are 

easily mitigated by employing preventative measures, such as the installation of a screen 

over the water intake, the construction of a fishpass, making sure to leave a specified 

amount of water flowing in the creek, hiding the powerhouse and equipment with 

vegetation, and insulating the powerhouse to prevent noise pollution. The environmental 

impacts and their preventative measures are discussed further in Chapter 4. 
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The most time-consuming portion of the entire process is filing the appropriate 

legal paperwork with local and regional authorities. The agencies and organizations 

interested in a MHPS include the New York State Department of~nvironmental 

Conservation, the Federal Energy Regulatory Committee, the Department of Public 

Service, Central Hudson Gas & Electric Company, and The Town of Red Hook Planning 

and Zoning Board. The specific regulations and license application procedures are 

described in Chapter 5. 

Many·people have considered this project as a possibility in the past, and with good 

reason. The few studies executed in recent years, including one from 1980 written by 

environmental studies students and one performed only four years ago, have found that 

the plant is very likely to be profitable. With New York State electricity rates among the 

highest in the nation, Bard spent about $1.4~st year on electricity. According to some 

back-of-the-envelope calculations by Brian Yanity, a Bard Alum and Electrical 

Engineering graduate student, the first falls where the old MHPS used to be could 

provide at most about 90 kW and the second falls closer to Annandale road could provide 

about 10 to 20 kW. With a peak demand of about 1900 kW, these sites combined would 

provide about 6% of Bard's power, which would save the college at least $84,000 per 

year. While this is only a rough estimate, it reflects the extent to which Bard would 

benefit financially from building a MHPS in the Saw Kill. A more in-depth economic 

analysis can be found in Chapter 6. 

Sources 
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Bard Environmental Resources Department. 7 Mar. 2006. Bard College. 6 Apr. 2006 

<http://inside.bard.edu/berd/>. 

Yanity, Brian. Local Renewable Energy: Why the Saw Kill ShouJd Generate Electricity 

for Bard. 22 Sep. 2003. 
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Chapter 1: The Need for Renewable Energy 

---~ 
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The reasons for the immediate proliferation of renewable energy technology are 

innumerable. First and foremost, the burning of fossil fuels harms our health and 

damages the planet. Oil and coal combustion contribute to smog and acid rain, and are 

the largest source of sooty fine particles that lodge in our lungs and shorten our lives. 

Fossil fuel consumption is also the chief source of the pollutants that are disrupting the 

earth's climate. Carbon dioxide (CO2) is the inherent by-product ~fburning coal, oil, and 

natural gas. Coal-burning power plants, at 2.5 billion tons every year, are the largest 

source of carbon dioxide pollution in the U.S. Automobiles, the second largest source, 

create nearly 1.5 billion tons of CO2 annually. Concentrations of other so called 

'greenhouse gasses' have increased by 30 percent since the industrial revolution and, if 

the concentrations build up enough, the Earth may become as uninhabitable as Venus, 

where a buildup of CO2 has led to temperatures of about 500°C. 

Temperature readings taken around the world in recent decades, as well as 

scientific studies of tree rings, corals, and ice cores, show that average global 

temperatures have risen since the industrial revolution began, with increases accelerating 

over the past few decades. The overwhelming consensus among climatologists is that 
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most of the increase is due to human activity, especially the burning of fossil fuels and 

deforestation. Continued buildup of carbon dioxide and other greenhouse gases threatens 

human health and well-being with many adverse consequences, including increased 

spread of infectious diseases, more frequent and severe heat waves, storms, droughts, and 

floods, rising sea levels and coastal inundation, and damage to ecosystems, risking 

serious social and economic disruptions. Some fear that, once the atmosphere has 

warmed past a critical level, various feedback mechanisms will kick in and push the 

temperature high enough to render the planet uninhabitable by human life. Once these 

feedback mechanisms have kicked in, it is unlikely that we can do anything to intervene. 

In response, governments all over the world have negotiated time and again to set 

limits on emissions of CO2 and other greenhouse gases. While these negotiations have 

inspired some measure of improvement, the changes must be even more substantial, 

timely, and continuous in order to see any change, as the Earth's natural removal of CO2 

occurs very slowly. 

In addition to causing environmental damage, America's use of fossil fuels has 

cost our country a great deal in costs paid to foreign oil companie~ and military 

expenditures. The economic risks of oil dependence have already provoked two major 

recessions and we are now entering a third cycle of high oil prices. Since the time of the 

first oil crisis, the monopoly cartel nature of the oil market has cost the U.S. economy 

trillions of dollars. The 19th century contrivances that seemed to serve our parents and 

grandparents so well are causing problems for us today. Without a new direction our 

children and grandchildren will be less prosperous, healthy, and secure than they can and 

should be. However, it is a mistake to see the current state as an 'energy crisis', or a 
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problem based solely in the supply and demand of oil. The main issue by far is the 

survival of life on this planet, making our dilemma one of environmental significance. 

The Good News 

The good news is that there are alternatives to fossil fuels and that we have the 

ability to improve the situation, even if only slightly. As the largest producers of CO2, 

the people of the United States bear the greatest responsibility in helping to stop global 

warming. We also have the economic power and the technical expertise with which to 

solve the problems at home and to carry these solutions to people overseas, especially to 

.the developing world where emission rates are growing rapidly. In particular, it is Bard 

College's responsibility as an institute of higher learning, where the community members 

are well informed of the present crisis, to respond proactively. In the past, Bard College 

has undergone other renewable energy building projects, such as geothermal heating 

vents in the Village Dormatories, which are also constructed out of timber from non

virgin sources. It is up to the college whether or not to continue to be responsible 

stewards of the environment by taking advantage of the incredible resource we have 'in 

our backyard': The Saw Kill. Building a hydroelectric station at Bard is one way in 

which Bard may become a greener campus. 

The next section is a recommendation of who should receive the hydroelectricity 

based upon location and demand, as well as some general considerations in how to 

manage the power distribution. 
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Power Recipients 

The original field station was built near the mouth of the Saw Kill in 1971 and 

houses the offices of Hudsonia Ltd. and the offices and a laboratory of the Hudson River 

National Estuarine Research Reserve (HRNERR). In this location, these organizations 

have access to freshwater tidal marshes, swamps and shallows, perennial and intermittent 

streams, a variety of trees, old and mowed fields, and other habitats. Hudsonia was 

established in 1981 as a non-profit organization that provides environmental education 

and conducts research in order to protect the Hudson Valley's natural environment. 

HRNERR was created in 1982 by federal and state governments under the DEC as part of 

a nationwide system of over 20 estuarine research reserves in 17 coastal states. I 

conducted a survey of the loads at the Field Station on March 1, 2006 by walking through 

the building and looking for the power rating on all appliances and equipment. The 

reserve's laboratory equipment, located on the first floor, constitutes the greatest fraction 

of the total load, while the offices of HRNERR and Hudsonia Ltd. on the first and second 

floors require less power. Table 1 lists the many loads in the lab and their power ratings: 

Equipment/Appliance Quantity Power Q*W 
name Rating (W) 

Air Compressor 1 1000 1000 
Analytical Balance 1 1 8.8 8.8 
Bathroom Fan 2 200 400 
Coffee Maker 1 1100 1100 
Computer 14 500 7000 
Convection Oven 1 5000 5000 
Copy Machine 2 1500 3000 
Dehumidifier 2 650 1300 
Drying Cabinet 1 1740 1740 
Exit Sign 10 220 2200 
Fax 1 700 700 
Fluorescent Light 80 30 2400 
Fume Hood 3 1500 4500 
Gas Stove 1 0 0 
Hot Water Maker 2 1500 3000 

10 



Ice Machine 1 1150 1150 
Incandescent Light 9 100 900 
Lab Pump 1 448.5 448.5 
Large Air Filter 3 1500 4500 
Microwave 1 800 800 
Muffle Furnace 1 1488 1488 
Oven 1 5000 5000 
pH Meter 2 0 0 
Printer 5 400 2000 
Refrigerator 3 700 2100 
Sander 1 1200 1200 
Space Heater 1 1500 1500 
Toaster 1 1100 1100 
TV 1 300 300 
Vacuum Cleaner 1 800 800 
Water Cooler 1 4000 4000 
Security System 1 300 300 

TOTAL 60935.3 

Table 1: A list of the loads at the Field Station 

It is estimated that the maximum possible load at the Field Station is about 61 

kW. This number does not dictate the size of the MHPS since the grid is accessible, but 

it does reveal that in order to ensure that the Field Station is run solely off of the power 

station, the installed power of the MHPS must be about 60kW. The peak power demand 

also informs the project developer of the minimum excess power guaranteed to be 

continually available. It is possible and may even be more feasible to scale the project 

upward or downward of 60kW, depending on various environmental and economic 

factors. 

The most important figure in determining the optimal design power output is the peak 

power demand. According to data collected by a portable meter installed by Bard 

College's Electrical & Telecommunications Supervisor Gerard Nesel, the peak demand 

between February ?1h at 9:40am and February 10th at 6:51am was 22.27 kW and the 

minimum demand was 3.13kW. Table 2 shows the demand during the highest peaks and 

the times at which they occurred: 
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Date Time (Military) Power Demand (W) 
2/10/2006 5:11 22,269.71 
2/9/2006 1:20 21,184.63 

2/10/2006 5:05 20,719.78 
2/8/2006 14:09 19,248.30 

Table 2: The four highest power demands recorded between 2/7/2006 and 2/10/2006 

During this time, the aver<lge power demand was about 8 kW. 

The recipient of the excess power will most likely be the sewage treatment plant, 

the next closest facility to the project site. If this is not possible for some reason, either 

the water treatment plant or the A very Arts Center and the Blum I!lstitute should be 

considered next. All of these facilities have power demands well above the potential 

capacity of the proposed plant, so the hydropower supplied to them will not contribute a 

large percentage of the total power. Table 3 shows the energy demand over several 

months of the A very and Blum facilities, which are connected to the same meter. These 

facilities use more power than even the highest design flow, that of Scheme C: 

Facility Date kWh Used Avg. kW Used Cost Cost Per kWh 
Avery/Blum 1/1/05 88,962 119.57 $5,337.72 $0.06 
Avery/Blum 2/1/05 78,315 116.54 $4,861.01 $0.06 
Avery/Blum 3/1/05 84,635 113. 76 $6,538.29 $0.08 
Avery/Blum 4/1/05 80,255 111.47 $4,815.30 $0.06 
Avery/Blum 5/1/05 77,679 104.41 $5,672.12 $0.07 
Avery/Blum 6/1/05 80,299 111 .53 $6,341.21 $0.08 
Avery/Blum 7/1/05 96,291 129.42 $4,998.09 $0.05 
Avery/Blum 8/1/05 81,816 109.97 $6,461.01 $0.08 

Table 3: The energy used, average power used, total cost, and cost per kW of Avery and Blum 

Thus an analysis of the demands at these facilities is unne~essary. Which facility 

receives the power will be determined by the ease with which lines may be extended 

underground and interconnected with the main. 

Recommendations 
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If the project is built on Bard's side of the Saw Kill, the power will simply be 

directed towards these facilities via underground lines. However, if Montgomery Place 

agrees to form a partnership with the college in which we build the power station on their 

property from the remains of the previous power station, the plan is not so simple. 

Some of the questions pertinent to this project are: 

• How do we run the transmission cables to the other side of the creek? 

• How do we come to an agreement as to the allocation of costs and benefits 

between Bard and Montgomery? 

In a meeting with Erik Kiviat, the Executive Director ofHudsonia Ltd., it was 

advised for reasons of environmental protection that the transmission lines not be buried 

under the Saw Kill, but instead that they be run up the slope along_ the penstock pipe, 

across the Saw Kill at the dam, and then under the ground on Bard's property. The 

higher line costs are worth the avoided negative impacts on the creek bed. Brian Yanity, 

an electrical engineering graduate student at Anchorage, recommended that instead of 

running the power to both parties, the power could be attached oniy to Bard College 

facilities, in which case Bard would pay Montgomery Place a pre-approved percentage of 

the saved costs as a lease for the use of their property. 

The gross average annual energy in kWh that will be produced by the plant is a 

function of the net flow, net head, and the efficiencies of the turbine, generator, gearbox, 

transformer, and the number of hours that the specified flow occurs. The power output, 

and thus the size, of the project will depend upon the environmental impacts, technical 

equipment, and economics more than the power demand because Bard is connected to the 

grid. The main reason to build a MHPS on the Saw Kill is not because we are lacking 
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power or need more of it. It is instead because we are concerned about the state of the 

planet and hope to use our resources in working toward a solution. 

Sources 

Energy Innovations: A Prosperous Path to a Clean Environment. 1997. Union of 

Concerned Scientists, USA. 16 Mar. 2006 

http:/ /www._environmentalexpert.com/articles/article 18/article 18.htm 

Kiviat, Erik. Executive Director, Hudsonia Ltd. Meetings 15 Nov. 2005 and 10 Apr. 

2006. 

Husted, Laurie. Environmental Resources Auditor, BERD. Meetings 5 Dec. 2005 and 17 

Mar. 2006. E-mail_ correspondence. 

Nesel, Gerard. Environmental Resources Auditor, BERD. Meeting 6 Feb. 2006. E-mail 

correspondence. 

On-Campus Facilities. Bard College. 6 Apr. 2006 

http://www.bard.edu/campus/facilities/ 

Welcome to Hudsonia. 2005. Hudsonia Ltd. 28 Mar 2006 

http://www.hudsonia.org/ 
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Yanity, Brian. Electrical Engineering Graduate Student. Meetings 12 Feb. 2006 and 2 

Apr. 2006. 
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Chapter 2: A Basic Historical and Technological Overview 

of Micro Hydropower Stations 

This chapter outlines the historical background and the basic physical principles 

of micro hydropower and hydropower in general. Also in this chapter are the methods 

used and data from the hydrological study. 

The History of Hydropower in the U.S. 

Hydropower first 

started as early as 100 B.C. 

when the Greeks and Romans 

used vertical water wheels like 

the one depicted in Figure 1 to 

grind wheat into flour. 

Utilizing waterpower for 

milling spread through Asia 

and the rest of Europe by 4 A.D. Figure 1: Very old water wheel in western Australia 

The proliferation of the water wheel led inevitably to its improvement. For 

example, while at first the wheels were mounted so that the center was above the water's 

surface and the running water would tum the bottom of the wheel, later the wheel was 

installed below the water level in an "overshot" orientation, greatly improving its 

efficiency. Later still, engineers found that curved paddles worked better and that laying 

the center of the wheel on the surface of the water made the wheel more efficient. In the 
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19th century, the water turbine, which uses gravity to turn the wheel, gradually replaced 

the waterwheel due to its higher efficiency. James Francis perfected the turbine by 

curving its blades, inventing what is known today as the Francis turbine. This was used 

for a long time in mills, such as those that had populated the Saw Kill, but eventually 

steam engines took the turbine's place. 

The Francis turbine made its comeback in the U.S. when the new idea of creating 

electric energy from water. In 1880, the first hydroelectric facility in the U.S. was built 

in Grand Rapids, Michigan to provide enough power to a local chair factory for 16 brush

arc lamps. The early hydroelectric plants were DC and built to power incandescent 

lighting, but development of the electric motor greatly increased the demand for 

electricity. By 1886, there were about 40 or 50 hydroelectric plants in the U.S. and 

Canada. The world's first AC system was located at the Willamette Falls hydroelectric 

station in Oregon City, OR. Hydropower accounted for more than 40% of the U.S. 

electricity supply by the early 1900's 

In the 1930's, there was dramatic development of these stations related to 

transmission, distribution, and thermal plants. A hydropower plant was established at the 

Hoover Dam on the Colorado River in 1936, containing multiple Francis turbines that 

produced 130,000 kilowatts of power. These stations provided electricity to major cities 

through high-voltage power lines. However, by the 1940's hydropower supplied only 

one-third of U.S. energy needs. These numbers have continued to fall as other forms of 

electrical generation have become more prominent and today hydropower currently 

supplies only 4% of the total U.S. energy produced. Still, at 51 % of all renewables, 

hydroelectricity is currently the largest renewable energy contributor for the U.S. 

17 



The History of the Old Power Station 

During the early part of the 19th century and Britain's industrial boom, much use was 

being made of the water wheel in America. Around 1860 or so, the Saw Kill's kinetic 

energy was being utilized for several mills, including a chocolate factory located at the 

second falls where today there are a couple of Bard faculty houses. The first mill may 

have been built as early as the latter part of the 16th century. Although these mills were 

eventually replaced by more conventional means of power, at least one dam was 

eventually rebuilt and reused for a micro hydroelectric facility at Montgomery Place. 

The Montgomery Place estate was built in 1802 under the directive of Janet 

Montgomery. After the Civil War, the estate experienced a period of neglect until it was 

inherited in 1921 by General John Ross Delafield, a prominent New York estate lawyer 

Figure 2: A sketch of the fist falls dating back to 
the golden years of the Montgomery Place estate 
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and relative of Janet Montgomery's. 

The Delafields fully renovated the house 

and greatly improved the grounds of the 

estate with the addition of a clay tennis 

court, squash court, greenhouse, new 

woodland walks, and a hydroelectric 

power station. 

The present concrete dam was 

constructed inl 923, while the steel 

penstock pipe, the powerhouse, and the 

rest of the equipment were installed in 



the 1930's by an engineering firm called Water Wheels. The head engineer, J.B. 

Campbell, oversaw eight men lovingly nicknamed the "Damn Gang". The plant supplied 

enough power for the entire estate, including storage sheds and barns. If the water flow 

was insufficient or the system failed, the plant was equipped with a backup diesel 

generator, the tank for which was supported on brick props that are still more or less 

intact. The plant was feasible until a severe drought occurred in the mid-sixties, by 

which time General Delafield's son, Major Delafield, had inherited the estate. In 1965, at 

the advice of the property supervisor, the Major shut down the plant and opted for a more 

conventional source of power. 

The Present and Future 

Beginning as early as the 1970's, Bard considered renovating this plant to 

generate electricity for the college, but the machinery was no longer usable. One of my 

sources is a brief study written by Bard environmental studies students in 1980 regarding 

the possibility of building a hydroelectric facility on Bard's property that would mimic 

the old Montgomery Place MHPS. Their study encompassed the ecological, economic, 

engineering, and historical aspects of the project, but was apparently never taken further. 

Just a few summers ago, there was a meeting at Bard College regarding the same 

proposition. Although many professors, administrators, energy consulting companies, 

and the like were present, again the project never became more than a good idea. As the 

site has already been used successfully for a MHPS, another power station built there will 

most likely be a success, especially with the improvements made over the past eighty 
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years in hydropower technology. To make the most of its resources, Bard College should 

seriously look into the construction of a hydroelectric facility on the Saw Kill. 

The Montgomery Place 

estate is now owned and run by 

Historic Hudson Valley, a not

for-profit organization that 

preserves historic buildings in 

the area. In 1988, Historic 

Hudson Valley restored the 

house and grounds to their 

original states and opened it to 

the public. Letters and papers 

documenting the estate's 

Figure 3: Another sketch depicting from what is now 
Bard College the falls in the late 19th century, as well as a 
.foot bridge that is no longer there 

history were deposited in the Princeton and Historic Hudson Valley libraries. According 

to the Director of Preservation for Historic Hudson Valley, Geoff .Carter, there is 

documentation of what the old powerhouse looked like somewhere in the Historic 

Hudson Valley Library in Sleepy Hollow, NY houses a book containing pictures of the 

original power house. If the project is to involve rebuilding the old Montgomery site, it 

must be done with historical accuracy. I have contacted the Library to request the book, 

but they have not been able to locate it. Thus a next step in this project is to continue to 

search for the missing book, which is probably somewhere in the library's archives. 

According to Carter, the book may have a camel on the cover. 
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Geoff Carter has expressed interest in pursuing the installation on the 

Montgomery Place side of the creek, but must gain the approval of the other five 

directors and five or six committees of Historic Hudson Valley. The organization's 

interest would lie in preserving the hydroelectric site with historical accuracy. The 

finished product may even have interpretive panels for visitors to learn about the history 

of the site. They would also be educated about renewable energy in the process. Carter 

stated that Historic Hudson Valley would definitely maintain ownership of the property, 

but that Bard could pay a small lease to the organization for occupying the land. He also 

suggested that if the installation does happen on the Montgomery Place property, the 

New York State Historic Preservation Office might be willing to help fund the project. 

The person to speak with from this organization about funding is William Kettering, who 

may be reached by phone at 518-237-8643. For more information, go to 

nysparks. state .ny. us/ shpo/ grants/index.htm. 

The Basic Principles of Hydro power 

Hydroelectric power stations are 'renewable' because they do not produce solid, 

liquid, or gaseous pollutants. After the water's energy is used, the water is made 

available for other purposes. However, less environmentally friendly, large-scale 

hydroelectric systems such as the Hoover Dam are not actually renewable. These power 

stations require the flooding of large areas of land, with consequent serious 

environmental and social costs. Properly designed micro hydropower schemes, on the 

other hand, are easily integrated into local ecosystems. 
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The term 'micro' hydropower comes from the fact that 'small' and 'mini' facilities 

are actually larger. A MHPS generally operates on a drop of 1.5 to 400 vertical meters. 

Below is a table of the installed power capacity ranges for hydropower stations of various 

sizes. 

Name Installed Power Capacity 

Large > 1000 kW 

Small 500 kW - 1000 kW 

Mini 100 kW - 500 kW 

Micro <100 kW 

Table 1: A list of different hydropower sizes and their power ranges 

Thus while Schemes A and B are well within the range of micro, Scheme C is almost into 

the mini category, but not quite. 

The Pros and Cons of Micro Hydropower 

The main advantages of micro hydropower are that the power is continuously 

available on demand, the amount of energy available is predictable, and it requires no 

fuel and limited maintenance, so running costs are relatively low. It is a long-lasting 

technology, with system lifetimes of twenty years or more without any major new 

investments. Potential energy of water is converted into mechanical energy with high 

efficiency (in most cases double that of conventional thermal power stations). 

Hydropower can also help to conserve exhaustible energy sources. Assuming an 

efficiency of 38% for the conversion of oil into electricity, each 600 kWh of electricity 

generated with a hydropower plant is equivalent to 1 barrel of oil. 
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On the other hand, hydropower is a site-specific technology. Sites that are both 

well suited to the harnessing of waterpower and close to a location where the power can 

be economically exploited are not very common. However, the Saw Kill is a very well 

suited site, as one can tell by its history. When Alfred Patzig from Hydroelectric Turbine 

Systems Inc., a company that manufactures Ossberger turbines, visited the site he was 

amazed that the falls were not being used for hydroelectricity and remarked that it would 

be an ideal site. Another shortcoming of hydropower is that there is always a maximum 

power output available from a given site, which limits the expansion of activities that 

make use of the power. Since Bard is on the grid anyhow, there are no such limits on 

further developments that require more energy than the creek can provide. Furthermore, 

river flows often vary considerably with the seasons and these variations may not match 

up with changes in power demand. This issue is applicable to the Saw Kill site, but may 

be dealt with by making a wise choice of turbine type and size. 

Underlying Principles 

The basic principle of generating hydroelectric power is that if water can be 

diverted and piped downhill, the vertical distance of which is called the head, then the 

resulting kinetic and pressure energy can be used to do work. If the water is allowed to 

move a mechanical component then that movement involves the conversion of the kinetic 

and pressure energy of the water into mechanical energy. This is the principle behind the 

hydropower turbine, which converts water energy into mechanical, rotational shaft power 

and can be used to drive an electricity generator, a grinding mill, or some other useful 

device. 
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The power available to the turbine can be expressed: 

p = gpQh 

where Pis the hydraulic power in watts (W), g is the acceleration due to gravity (9.81 

m/s2
), pis the density of the water in kg/m3

, and h is the height that the water falls, or the 

head, in meters. For water, p=l000 kg/m3 and therefore: 

P = 9.8lQh 

for Pin kilowatts (kW). The equation for energy production is written: 

W = Ptrzf 

where Wis electrical energy in kilowatt hours (kWh), Pis hydraulic power in kW, 77 is 

the efficiency of the turbine-generator assembly (usually 0.5-0.9), and/is a coefficient to 

allow for seasonal flow variations and other elements that may affect the efficiency of the 

civil works. 

Hydrological Study 

The study of any potential hydroelectric scheme must address the availability of 

an adequate water supply, which is the objective of the hydrological study. In the best of 

circumstances, some authority, such as the United States Geological Survey (USGS), has 

installed a gauging station to measure the water flow over an extended period of time. 

There used to be a USGS gauging site in the Saw Kill from the years 1959 to 1965, but 

some of these measurements may be unrepresentative of the present flow, as they were 

taken at the beginning of the huge drought of the mid-sixties. These data give a 

minimum flow value of 0.077 cubic meters per second (ems), comparable to the 

minimum flow value measured in the l 920's for General Delafield of 0.156 ems. 
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Luckily, some data were collected by HRNERR between 1991 and 1992 and again 

between 2002 and 2005. The people at HRNERR have kindly provided these flow data 

and a rating curve. 

A rating curve is a best-fit exponential curve for a graph of stream discharge vs. 

stage, or the water's depth at the weir. To draw a rating curve, both stage and discharge 

must be measured simultaneously. The curve is represented by: 

Where hs is the stage, B is a correction factor, and n is the Manning Coefficient. Once a 

correlation is made, one needs only to measure the stage to find the discharge. 

The rating curve I received, however, defined the stage according to a meter that 

had existed at the creek, but that has since floated away during particularly heavy flows 

and was never reinstalled. Thus the stage measurements I have yield obviously incorrect 

flow data, with flow values as low as 6.8x10-5 ems (Table 2). Fortunately, the other flow 

data, taken more recently at the weir itself, includes both stage and flow values. I used 

these data to produce a new rating curve (Figure 4): 

Date Stage (m) Old Rating Curve (ems) New Rating Curve (ems) 
9/19/05 0.0381 6.8x10-5 1.3 X 10-J 
10/31/05 0.207 0.1708 0.2762 
11/6/05 0.157 0.0476 0.1157 
11/14/05 0.144 0.0319 0.0882 
11/21/05 0.191 0.1177 0.2144 
12/4/05 0.177 0.0828 0.1688 
2/14/06 0.195 0.1296 0.2289 

Table 2: Flow data for various stages according to two different rating curves 
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Figure 4: A rating curve shows the relationship between the stage and the flow 

This curve, which related the flow Q (ems) and the stage h (m) by the equation Q = 

39.161 *h3
.1

456
, yields flow values that are more consistent with other flow data. The trend 

line fits well enough with an R2 value of 0.9205. I found the rating curve method to be 

the most straightforward, as finding the flow involves measuring the stage at the weir 

with a ruler and plugging it into a simple calculation. 

The Weir Method 

Another common method I employed for finding the Saw Kill stream flow is the 

weir method. This relatively accurate, simple method also involves measuring the stage, 

but uses the Kindsvater-Carter equation, the parameters of which depend upon the 

characteristics of the weir. Below is a derivation of the Kindsvater-Carter equation. 

For any amount ohime flt, a cuboidal volume of water with height h, length b, 

and width flx moves through the weir at speed v (Figure 5): 
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The volume V (m3
) traversed by the water over time !J..t is: 

V = hb · !::.x = hbu · M 

u 

Figure 5: A 'cuboidal' volume of water representing the volume 
traversed by area of water hb over time At 

Thus the volumetric flow Q (m3/s) is: 

Q=hbv 

Assigning the bottom of the notch in the weir a height of zero, the water begins at 

rest from heights zero to h in the region above the weir. Gravity pulls water downward 

after it has gone over the weir, which pulls the rest of the water with it at the same speed 

v. For an object accelerating towards the Earth under the force of gravity, its velocity at 

any height is given: 

v(y) = ~2gy 

For all heights from zero to h, the average velocity can be found by integrating u from 

zero to h and dividing by the integral of dy in the same range: 
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Substituting this for u in for the volumetric flow equation: 

This equation is almost correct, except for a couple of adjustments that allow for 

viscosity and surface tension. A factor Kb must be added to b due to the channeling effect 

that the weir has on the flow of water (Figure 6). 

I L I 

Figure 6: A bird's eye view of water flowing over a weir 

I t ~__,,~~ 
h 

t 
p : -

b 
Figure 7: A cross sectional view of water flowing over a weir 

The water flowing into the weir is going suddenly from a larger width L to a small 

width b. The friction experienced by the water on the sides of the weir during this 

channeling changes the effective width of the weir by a factor Kb, which is a function of 

b/L as seen in Figure 8. The Saw Kill weir has values of L = 26.2 meters and b = 12.5 

meters, so b/L = 0.477. According to the graph, then, Kb - 0.010 feet, or 0.00305 meters. 
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J:igure 8: A graph showing the relationship between b/L and Kb 

Another factor that must be included is the difference between the observed and 

effective heights due to surface tension. Surface tension pulls the water down, making 

the effective height slightly greater than the observed height. The added factor Kh is a 

constant 0.001 meters. Thus the equation for accurately measuring the flow of water over 

a rectangular weir is: 

Plugging in the appropriate dimensions of the Saw Kill weir, this equation 

becomes approximately: 

Q ~ 36.9lh312 

Actually, I came across a number of weir equations besides this one, which made it 

confusing to use this method. Table 3 shows the stages in meters and the variety of weir 

equations used to calculate many different flows in ems: 

Date Stage 
Q1 = 3...pg(h + K,, f 2 (b +Kb) 

Q2 =Cwbhj'l. Q3 =1.8(b-0.2h)hj/l. 
3 

9/19/05 0.0381 0.00117 0.13944 1.171786 
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10/31/05 0.207 0.276 1.765862 52.6654 
11/6/05 0.157 0.116 1.166409 28.29531 

11/14/05 0.144 0.0881 1.024578 23.29949 
11/21/05 0.191 0.215 1.565133 43.95706 
12/4/05 0.177 0.169 1.396244 37.04596 
2/14/06 0.195 0.229 1.614556 46.05254 

Table 3: A list of stages and the flows calculated from them using various weir equ_ations 

Clearly, some of these equations yield more absurd results than others. Q3, for example, 

yields flows that are very high in comparison with HRNERR and historical data. 

Furthermore, the first and fourth flows calculated from the Kindsvater-Carter Equation 

(Q1) are a bit low when compared to these data. Although Q2 does yield the data that is 

the most consistent with other data, it may not necessarily be the most accurate. 

The Correlation Method 

The flow measurements used in a hydrological study should be taken over a 10-

year period if they are to be most useful and accurate. If there is insufficient data, the 

data must be extrapolated to the minimum ten-year period either using rainfall data or the 

correlation method. The accuracy of these methods depends upon the particular flow 

required (average for 1 year, 6 months, one month, etc.), the number of years of 

observation, and the variability of the flow about the mean (standard deviation). 

When a long series of observations is available for a basin other than that which is 

being used for the site, call it basin A, a method of comparison is to graph the flow of 

basin A on the x-axis and the flow of the site's basin on the y-axis for a common period 

oftime. For this method, it is important to use only the higher flow values since these are 

proportional to the basin area and independent of the characteristics unique to each 

drainage area, so a good correlation may be found. For this method, a basin from another 
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watershed may be used as long as it is of similar size, altitude, and slope, and has similar 

hydroclimate, vegetation, and geological features. 

I attempted this method using the Wappinger Creek at Wappingers Falls, NY. I 

used data from the U.S. Geological Survey website, which extends from 1929 to the 

present. I first graphed the average daily flows of the Wappinger Creek versus the Saw 

Kill flow data over a common period of time and plotted a trend line (Figure 9): 
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Figure 9: Wappinger Creek average daily flows vs. Saw Kill creek flows 

Then, to construct a hydro graph, I substituted the average daily flows of the Wappinger 

Creek into the equation seen on the graph above. The hydro graph (Figure 10) shows the 

estimated flow over time for the Saw Kill: 
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Estimated Average Flow of the Saw Kill 

2.5 ,-----~-.,.-----,.-------......... -------------

-,n E 1.5 -t------ri.t---1•1.· 

(.) -

0 -----.--------.-- ---,----,----,-----,---- -,-----' 
1/0 2/19 4/9 5/29 

Date 

7/18 9/6 10/26 

Figure 10: A hydrograph constructed using the correlation method 
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Methods that were not employed in this study, but which generally work well for 

measuring flows include the use of a turbine-meter, the salt dilution method, and the use 

of a float (e.g. an orange). 

Flow Duration Curve (FDC) 

Water flows on a given day are not independent of those on the preceding days 

because of the inertia of the watershed area, which depends on the soil's rate of 

absorption and release of the water into the stream. If the soil is sandy and permeable, 

then the infiltration capacity will be high and the groundwater will be a large proportion 

of flow in the streams. If it is rockier and thus more impermeable, the opposite will be the 

case. The watersheds of high permeability and large groundwater ~ontributions will 

therefore tend to have more regular discharges with less fluctuating flow than rocky 
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watersheds, where the variations will be great and will reflect the incidence of rainfall to 

a much greater extent. Also, the storage of water regulates water flow so that an area 

with an underground aquifer has the most regular flow, while an area with frequent 

snowmelts is more variable. 

Thus the existence of a geological maze of rock and soil causes the watercourse at 

any given moment to depend upon earlier climactic events. The time lag between such 

an event and its effect on the stream can range from hours to months. Therefore, the flow 

is not static or disassociated from the notion of duration, but has a unique population of 

values and their probabilities. Each stream has its own characteristic flows that are 

determined by statistical analysis of individual flow measurements over time. 

Flow Duration Curve 

6.000 ..,.-- -------------- - ---------, 

5.000 

u 
a, 4.000 
~ 
M 
< S 3.000 

3: 
.2 2.000 
LL 

1.000 
0 

0.000 +-----------
0
--~--~..:...· __ <>~x...._""-'"°"""i.,L---------l 

0 20 40 60 80 100 120 

Percantage of Time Flow was Exceeded 

Figure 11: A flow duration curve from historical data for the Saw Kill 

The flow duration curve (FDC) shows for a particular point on a river the proportion 

of time during which the discharge equals or exceeds certain values. As a single 

measurement of instantaneous flow in a stream has little value, the FDC helps to choose 
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the best design flow and to estimate the plant capacity and average annual energy output. 

Data for the two FDCs seen here were obtained from Streams of Dutchess County, Figure 

11 showing percent time versus volumetric flow and Figure 12 showing percent time 

versus the percentage of the average flow, which is about 0.54 ems. Usually the design 

flow is roughly the difference between the average flow and the reserved flow (see 

Chapter 4). For a cross-flow turbine, which is the type of turbine most suited to this 

application (see Chapter 3), it is usually higher since the turbine can operate at a low 

percentage of its design flow. For cross-flow turbines, it is recommended that the scheme 

have a design flow of about 30% duration, or about 0.8 ems, although a higher or lower 

design flow may be sufficient. The plant must be evaluated for a number of flows to see 

which yields the best results. 

Conclusion 
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Figure 12: A flow duration curve from historical data for the Saw Kill 
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Hydropower has a long history of being useful for accomplishing a variety of 

ends. Hydroelectricity in particular has been and still is used in the United States, but 
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mostly on a large scale. Smaller systems, while less popular, are more environmentally 

benign. The first falls on the Saw Kill would be an ideal site for a MHPS, as there used 

to be one at that location only forty years ago. 

The hydrological study shows that the Saw Kill's flows are highly variable, so a 

variable turbine type should be used (see Chapter 3). The design flow is likely to be 

around 0.8 ems, as in Scheme C, but may also be lower, as in Schemes A and B. Which 

scheme is chosen depends mostly on the technical, environmental, legal, and economic 

factors considered in later chapters. 
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Chapter 3: The Components of a Micro Hydroelectric Power Station 

This chapter is a step-by-step tour of the MHPS from the highest point at the dam to 

the lowest point at the powerhouse. For each component, there are considerations to be 

made about its size, type, materials, and other attributes that may help or hinder the 

component in fulfilling its purpose. The recommendations I have made about these 

characteristics are based upon information found in various micro hydropower manuals, 

as well as advice I have received from hydropower experts. 

The Dam 

The purpose of the dam may be either to create a reservoir for water storage or to 

increase the head. It can also be used to store water during the wet season so it may be 

used during the dry season. Due to the high expenses and ecological impacts involved in 

building dams, dams are rarely used in micro hydropower applications. Thus most 

MHPSs are termed 'run-of-the-river', or utilizing the normal flow of the creek to run the 

power station without changing the creek's natural flow patterns. Medium head run-of

the-river schemes such as this one use weirs to divert water to the intake, from where it is 

conveyed to the turbines, via a pressure pipe or penstock. 

Even though the cement dam would be used for the projec~, it is not high enough 

to create a reservoir, so the Saw Kill plant would be run-of-the-river. The weir's role is 

not to store the water, but to increase the water level so that water may flow into the 

intake. Even though a dam-free MHPS would pose the least threat to the environment, 

the damage has already been done. Removing the dam would only release the silt that 

has built up and further disrupt the creek bed. Still, we may need to modify the existing 
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dam ifwe choose to build on the Bard College property. This would cause some 

environmental harm and may add greatly to the expenses of the project. It is mainly for 

this reason that building the project on the south side of the creek is advisable, provided 

that an agreement may be reached between Bard College and Montgomery Place. 

The Intake 

The intake is a structure that diverts water into a conduit leading to the power plant. 

There are several different types of intakes, all categorized by what they are attached to. 

In our case, the intake will be connected to a penstock pipe, so it is called a power intake. 

The intake must be able to divert the required amount of water into the pipe while 

minimizing the impacts on the local environment and minimizing the loss of head due to 

friction and turbulence. Its design should be based on ecological, geological, hydraulic, 

structural, and economic considerations, such as the percentage of diverted flow, debris 

management, sediment exclusion, fish diversion systems, etc. 

The water intake should be equipped with an intake screen to minimize the amount of 

debris and aquatic life (see Chapter 4) carried by the incoming water and a sluicing 

system to flush the deposited silt, sand, gravel and pebbles with a minimum of water loss. 

If the watercourse tends to entrain large debris, it may be convenient to install, in front of 

the ordinary screen, one with widely spaced bars to reduce the work of the automatic 

sluicing equipment. The intake screen is made up of one or more panels, fabricated from 

a series of evenly spaced, parallel stainless steel or plastic bars, which can be made in 

airfoil sections for less turbulence and lower head losses. The screen should be either 

39 



bolted to a support frame with stainless steel bolts or slid into vertical slots so that it may 

be removed when the penstock needs to be emptied for repairs. 

It is best to position the screen at right angles to the dam so that debris are pushed 

over its crest in the case of a flood. The intake should not be located in an area of still 

water, far from the dam, because eddy currents may accumulate trash at the entrance. If 

for any reason the intake entrance should be parallel to the dam, it is preferable to locate 

it close to the dam so that either the operator or the automatic sluicing device can push 

debris towards the dam to be carried away by the flow. 

The intake screen is designed so that the approach velocity (Vo) remains between 0.60 

mis and 1.50 mis. The total surface area S of the submerged screen can be found with 

this equation when intake screen is nearly perpendicular to the flo~: 

S _ 1 (b + a) Q I - -- -----
K a V

0 
sina 

where Q is the volumetric flow in ems, b is the bar width in meters, a is the space 

between the bars in meters, a is the angle of the screen with the horizontal, and K is a 

coefficient related to the partial clogging of the screen that depends upon the type of 
I 

sluicing system is used to clean away the debris. 

A well-built intake and intake screen will achieve a uniform acceleration of the flow. 

A sudden acceleration or deceleration of the flow generates turbulence and flow 

separation, which increases the head losses. Unfortunately, constant flow acceleration 

with low head losses requires a large, complex intake, which is expensive. A trade-off 

between cost and efficiency should be achieved. A well-designed intake should not only 

minimize head losses but also reduce vorticity, or the amount of rotation in the fluid 

velocity. Vorticity should be avoided because it interferes with turbine performance by 
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producing non-uniform flow conditions and introducing air into the flow, resulting in 

vibration and cavitation. Insufficient screen submergence and an asymmetrical water 

approach seem to be the most common causes of vortex formation. Provided that the 

inlet to the penstock is deep enough, and the flow undisturbed, vortex formation is 

unlikely. 

The penstock pipe is a conduit 

through which water travels 

from the intake to the turbine. 

The current penstock (Figure 1) 

runs the length of the Saw Kill 

from the cement dam to the 

remains of the old powerhouse. 

On April 2nd
, Brian Yanity and 

The Penstock Pipe 

Figure 1: The steel pen tock on the Montgomery Place 

I measured the pipe to be about side spans about 480 feet. 

480 feet (about 150 meters) with a 50-foot tape measure. We estimate this value to be 

within ten feet or so of the actual length, which is accurate enough for this initial study. 

It is assumed that the penstock installed for the new MHPS will be about this length. 

This section discusses the key characteristics of the penstock, including the material, 

diameter, wall thickness, and location of installation, and explores why these matter in 

terms of physical principles. 
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Aboveground vs. Underground 

The penstock pipe may be installed over or underground depending upon the soil 

quality, material of pipe, and environmental characteristics. While iron and steel 

penstocks are recommended for medium heads at high flows, PV(; is an attractive option 

for medium heads since it is lighter, cheaper, and can be buried underground. 

Aboveground penstocks must be supported by anchor blocks that are strong 

enough and founded upon sturdy enough substrate so that when the pipe undergoes 

expansions and contractions, they do not move or break under the .force. If the substrate 

is unstable, the anchor blocks require a great deal more cement, which is expensive. 

There must also be saddles designed to support the weight of the penstock full of water 

and to allow for longitudinal motion. The vertical component of the weight being 

supported depends upon the weight of the pipe per meter, the weight of water per meter 

of pipe, the angle of the pipe with horizontal, and the length of the pipe between each 

support, which in tum depends upon the diameter of the pipe. Overall the procedure of 

installing a stable aboveground pipe is more expensive and complicated, and once 

installed it is more at-risk of being hit by falling debris. 

The existing steel penstock pipe on the Montgomery Place property has been 

well-supported for about eight decades, so if the Saw Kill MHPS is to be built there, the 

construction of proper anchors and saddles is not an issue unless the entire pipe is being 

replaced. The pipe is about 17 inches in diameter, but its wooden.gaskets have rotted, so 

it no ·1onger holds water. A PVC pipe of 16 inches in diameter or smaller could be slid 

into the steel pipe as a sleeve with the steel pipe acting as a protective covering and 
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greatly reducing the risk of penstock damage. However, for Schemes Band C with 

recommended steel pipe diameters of 20" and 22", it would be necessary to replace the 

current steel pipe with a new one. While this option would impose a great deal more pipe 

and installation costs, the benefits of having a higher power output may be worth it. 

A buried pipe, on the other hand, .is ideal from an environmental perspective since 

the movement of wildlife is unhindered and it is hidden from view. The pipe also does 

not need anchor blocks or saddles and once it is safely in the ground, it is not likely to be 

damaged. PVC pipes are easy to install in this manner and are usually installed 

underground with a minimum cover of one meter. Due to their low resistance to UV 

radiation they cannot be used on the surface unless painted, coated, or wrapped. They are 

unsuited to rocky ground and should be surrounded by a layer of fine sand or soil. The 

minimum radius of curvature of a PVC pipe is relatively large ( about 100 times the pipe 

diameter), so it can be bent more than most materials. However, PVC can be brittle in 

cold conditions, so bending it should be avoided as much as possible. The coefficient of 

thermal expansion for PVC is five times higher than that of steel, meaning that the 

material remains at roughly the same dimensions even during great temperature changes. 

The pipe will still expand and contract slightly, so it is recommended that the sections 

have connections that will allow for movement, such as spigot and socket joints with 0-

ring gaskets in between. 

An Initial Estimate of the Diameter 

The diameter of a penstock is selected to reduce frictional losses within the pipe, 

but to also minimize the cost, two objectives that often conflict. The gross head is the 
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vertical distance the water falls and is usually measured using two· different surveying 

techniques. I first estimated the gross head by examining some topographical maps 

provided by John Gall, the Director of Buildings and Grounds. To double-check this 

figure, On December 3rd and again on December ?1\ Bard College Buildings and 

Grounds staff Tony Southard, Brian Harris, Ross Stoddard, measured the gross head 

using a surveyor's level and staff, a slow process in comparison with the electronic 

equipment available today. We measured it to be 59' 4" (18.08 meters), which is 

considered to be a medium head. With this information, the net head may be calculated 

by accounting for head losses from the intake screen, pipe wall friction, pipe bends, 

valves, etc. Also, for some turbines, the distance between the entry and exit of the 

turbine must be subtracted (see section on Turbines). Frictional and turbulent losses in 

the penstock are proportional to the square of the velocity of the water in the pipe. To 

convey a given flow, a smaller diameter pipe will require a higher water velocity than a 

larger pipe and thus the energy losses will be much greater. Thus selecting a diameter as 

small as possible will minimize the penstock cost, but will also reduce the net head and 

the power output. 

The choice of penstock type and diameter is also determined by the cost of its 

purchase, installation, and maintenance, as well as the power delivered by the penstock 

after friction losses are examined. Other factors include the demand on the system at part 

or full flows. For example, if the flows are too low during the dry season and more than 

enough during the wet season, the best choice of penstock diameter may be a smaller one 

so that it is most cost-effective during part-flow and not as efficient during full flow. 

However, in some cases where the grid is not available, the peak power produced (the 
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highest 10-20%) may be of great importance, requiring an expensive, low-friction pipe. 

Thus depending on the specific project, 'the extra cost of buying a larger, smoother pipe 

may or may not be worth it. 

One method for making an initial estimate of the diameter is to limit the head loss 

to a certain percentage, usually around 4%. (A more rigorous approach to diameter 

selection wil.l be examined later.) There are minor head losses due to turbulence from 

passing through the intake screen, in the entrance to the pipe, in bends, expansions, 

contractions, and valves, but these can usually be ignored. Frictional losses are more 

significant and may be computed via the Manning Equation: 

Where n is a frictional coefficient (0.009 for PVC), Q is the volumetric flow, dis the pipe 

diameter, L is the pipe length, and h1 is the frictional head loss. Solving for d: 

If h1is limited at 4% of the gross head h, d can be computed knowing Q, n and L, by the 

equation 

( 

2 2 J0.1875 
d = 2.69 n Q L 

h 

With an estimated pipe length L = I 50 meters, and measured gross head H = 18.08 

meters, d may be written in terms of Q: 

d = 68.43Q0.375 

where dis in centimeters. Assuming a flow at 60% duration, for example, Q = 0.283 

ems: 
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d = 68.43(0.283)°.375 ~ 42.6cm 

Thus at this flow the pipe diameter should be around 40 centimeters (17 inches). The 

same calculation yields a diameter of 25.01 inches for a flow of 0.82 ems. Below is a 

graph of diameter in inches vs. flow in ems (Figure 2): 
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Figure 2: A graph of the pipe diameter versus the design flow according to the Manning Equation 

The Manning Equation is used to find the pipe diameters of the three schemes later in this 

chapter. 

The Waterhammer 

The penstock pipe is often the most expensive piece of equipment. It must be strong 

enough to withstand very high pressures that result from the sudden blockage of water 

either by debris or from gate valves closing abruptly. This surge, or 'waterhammer', 

pressure can be more than 150% of the normal operating pressure. 

In steady flows where discharge is assumed to remain constant with time, the 

operating pressure at any point along a penstock is equivalent to the head of water above 

that point. If a sudden change of flow occurs due to a blockage or the closing of gate 
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Figure 3: The evolution of water pressure during 

a waterhammer 

valves, there will be a sudden change in 

water pressure as well. This pressure wave 

is known as a 'waterhammer' and, 

although short-lived, its effects can be 

disastrous. The penstock might burst from 

too much pressure or collapse if the 

pressures are too low. According to 

Newton's second l~w of motion, the force 

developed in the penstock, by the sudden 

change in velocity is: 

F=mdv 
dt 

Supposing that the velocity of the 

water column could be reduced to zero 

instantaneously, the resulting force would 

be infinite. Fortunately this is not possible 

in practice since a mechanical valve 

requires some time to close, the pipe 

walls are not perfectly rigid, and the 

water column is very slightly compressible. Figure 3 illustrates how a velocity change 

caused by an instantaneous closure of a gate at the lower end of a frictionless pipe creates 

pressure waves within the pipe. 
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Initially, water flows at some velocity v0 (a). When the gate is closed, the water keeps 

traveling with momentum and piles up behind the gate. The kinetic energy of the water 

nearest the gate is converted to pressure energy, compressing the water and expanding the 

diameter of the pipe (b). As the water piles up further, the wave front of increased 

pressure travels the length of the pipe until the water is completely compressed and the 

pipe has expanded over its entire length (d). At this point, the water's kinetic energy has 

all been converted to pressure energy. 

Because the water in the reservoir remains at atmospheric pressure, the flow reverses 

and the high-pressure water is forced back into the reservoir again with velocity v0 (e). As 

the water under compression starts flowing back, the pressure in the pipe is reduced to 

atmospheric. A pressure wave then travels down the pipe toward the gate (f) until all the 

pressure energy is converted back into kinetic energy (g). However, due to the water's 

momentum, the pressure continues to decrease past atmospheric and the pipe contracts 

(h). A negative pressure wave propagates back to the reservoir (i) until the entire pipe is 

completely under compression G). 

In a frictionless system, the negative pressure wave has the same absolute difference 

from normal as the positive pressure wave. The velocity then returns to zero but the 

lower pressure in the pipe compared to that in the reservoir forces water to flow forward 

again (k). The pressure surge travels back toward the gate ( e) until the entire cycle is 

complete and a second cycle commences (b ). The pressure wave velocity is a function of 

the speed of sound in water, as well as the elastic characteristics of the pipe. 

In reality, the damping effect of friction within the pipe causes the kinetic energy of 

the flow to dissipate gradually and the amplitude of the pressure oscillations to decrease 
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with time. Valve closure usually takes at least several seconds. Still, if the gate valve is 

closed completely before the initial pressure surge returns to the gate end of the pipeline 

(g), all the kinetic energy contained in the water near the gate will eventually be 

converted to strain energy, resulting in the same peak pressure as if the gate were closed 

instantaneously. However, if the gate has been closed only partially by the time the initial 

pressure surge returns to the gate (g), not all the kinetic energy will have been converted 

to strain energy and the pressure peak will be lower. This time is called the critical time, 

Tc, and is equal to: 

Tc= 2L /a 

where a is the pressure wave velocity. 

The Safety Factor 

Certain precautions may be taken to reduce the risk ofwaterhammer damage. For 

instance, if a multi-jet turbine is chosen, chances are that only one of the jets will be 

clogged while the others remain functioning, resulting in a lower surge pressure than if 

the full flow were obstructed. More applicable to this project, a deflector may be 

positioned in front of the rectangular cross-flow nozzle. If the system needed to shut 

down for any reason, rather than blocking the water from entering or exiting the penstock 

altogether, the deflector would move so that the water was directed away from the 

turbine. This way, the pressure in the penstock does not change dramatically. 

A burst penstock may cause extreme damage to the turbine, generator, and other parts 

of the system. Thus it is of utmost importance that the penstock be pressure tested as 

soon as it is installed on the site. This is done by attaching flange~ to the open end and 

49 



pumping air into the pipe via a stirrup pump. The pressure should be built up to the 

amount theoretically experienced by the pipe during a surge, which is the gross head plus 

the surge head. When pressure testing, the pressure must be increased slowly, checking 

for leaks along the way. A leak is a sign of weakness in the material and should be 

corrected before the MHPS is fully operational. This procedure is the responsibility of 

the engineering firm hired to execute the installation of the civil works. 

Table 1: The typical diameters, thicknesses, and costs per meter of PVC penstock pipes 

Nominal Diameter Max Pressure at 6 bar Max Pressure at 10 bar 
dintemal tmin $Im dintemal tmin $Im 

inches mm mm mm $ mm mm $ 

6 160 148 6 14 140 9 22 
9 225 208 8 27 198 13 43 
11 280 259 10 42 246 16 67 
12 315 292 11 46 277 18 74 
14 355 329 13 53 312 21 85 
16 400 370 14 64 352 23 100 

The ideal wall thickness and diameter of the penstock may be calculated utilizing a 

concept called the 'safety factor' (SF). The wall thickness is chosen so as to resist the 

maximum hydraulic pressure, including transient surge pressure. There is a minimum 

wall thickness because the corrosion protection layers must be of a certain width. In 

general, it is recommended that the SF be at least 3.5 unless there is very low head, low 

risk of full water stoppage, the pipe has been checked thoroughly, and the assembly is 

being undertaken by experienced engineers. A number of factors must be known before 

calculating the SF, such as the frictional head loss, net head, pipe length, pipe material 

with a certain frictional coefficient e, the internal pipe diameter d, and pipe thickness t 

(Table 1 ). In the next section, more elements needed to calculate the SF are explored in 

detail using principles of energy conservation. 
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The Bernoulli Equation 

An incompressible fluid flowing through a pipe at speed v 1 traverses a cross

sectional area A1 over a small interval of time Llt. The fluid moves a small distance 

Llx1=v1Llt, filling a volume Vi=A1Llx1= A1v1Llt. At another point in the pipe, more fluid 

crosses cross-sectional area A2 at speed v2, filling out a volume Vi=A2v2Llt. Since this is 

an incompressible fluid, the two volumes must be equal, which implies: 

v1A1=v2A2 

This equation is called the equation of continuity and states that for one volume of an 

incompressible fluid entering one part of the pipe, there must be an equal volume leaving 

the pipe. This also implies that the flow of water through a pipe is faster for narrower 

pipes and slower for wider pipes. Furthermore, the quantity Q=vA, the volumetric flow 

rate, is constant throughout the pipe, which is why the flow value needs only to be 

measured at the intake. 

The energy equation of water flow through a pipe can be written in terms of 

change in kinetic energy, change in potential energy, and the external work done on the 

water in the pipe by the incoming and outgoing water: 

,1K + LlU = Wext 

Looking again at two small volumes, where Vi is higher up at the entrance to the pipe and 

Vi is lower and at the exit, there is an external force F1 on Vi and F2 on Vi. Both forces 

are in toward the pipe, but F 1 is in the direction of the flow, while F2 is against the flow. 

Thus the work done on the water in the pipe by the external flow is positive at Vi and 

negative at Vi. The total external work on the water in the pipe is: 
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Where p 1 and p2 are the pressures on Vi and V2 respectively. This work changes the 

gravitational potential energy of the water: 

where p is the density of water and Vis the volume that goes from point 1 to point two. 

Similarly, there is a change in kinetic energy: 

12l21 2 l 2 tiU = -mv --mv =- pVv --pVv 
2 2 2 I 2 22 I 

Substituting the last three equations into the first work equation gives: 

Cancelling out all V's and reorganizing the terms gives: 

1 2 1 2 
Pi +-pv1 + pgh1 = P2 +-pv2 + pgh2 

2 2 

Or, since both sides of the equation are constant for all points along the pipe: 

And dividing through by y=pg: 

1 2 
C = p+-pv + pgh 

2 

p v2 
E=-+-+h 

r 2g 

where each term is in terms of meters, but can be interpreted as an effective energy. This 

equation, called Bernoulli's Equation, gives the energy of water flowing through a closed 

pipe of circular cross section under a certain pressure. It will be used in the next section 

to find the Reynolds Number. 
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The Reynolds Number 

The Reynolds Number NR is a dimensionless parameter defined by the ratio of inertial 

and viscous forces that influence the behavior of fluid flow in the boundary layer. Below 

is a further exploration into the basic physical principles underlying the Reynolds 

Number. 

Consider water flowing slowly through a long, straight, smooth pipe into which a fine 

stream of colored water is introduced at the entrance to the pipe. The colored water 

appears as a straight line all along the pipe, indicating 'laminar flow' in which the water 

flows in thin-walled concentric tubes called laminae. The outermost tube adheres to the 

wall of the pipe, while each of the inner ones moves at a slightly higher speed, reaching a 

maximum value near the center of the pipe. The velocity distribution has the form of a 

paraboloid and the average velocity is 50% of the maximum centerline velocity (Figure 

4). 
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Figure 4: The shape of the water in laminar flow and in turbulent flow through a pipe 
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If the flow rate is gradually increased, a moment is reached when the line of color 

suddenly breaks and mixes with the surrounding water. The water closer to the wall of 

the pipe merges with the faster water closer to the middle, decreas.ing the average 

velocity. At that moment the flow becomes turbulent, and the velocity distribution curve 

is much flatter, as seen in Figure 4. It has been found by experiment that the transition 

occurs within a range around a Reynolds number of2000 for flows in circular pipes. The 

ratio of laminar flow to turbulent flow depends not only on the velocity, but also on the 

pipe diameter and the viscosity, or internal friction, of the fluid. 

Layers of fluids moving through the pipe at different speeds rub up against one 

S'f1lA-1.,... 
another, producing a shear s~ which is the motion due to pressure in a perpendicular 

direction. This stress is determined by the velocity differences and by the fluid's intrinsic 

measure of 'thickness', or dynamic viscosity. Shear stress r(N/m2
) is defined in terms of 

the dynamic viscosity coefficientµ (kg/m·s) and the partial derivative of the velocity in 

the direction of the flow v (mis) to the transverse directiony: 

av 
r=µ·-oy 

We may also compare the viscous forces to the fluid's inertial forces by considering 

how far a volume of fluid would travel through more fluid before coming to a stop. This 

measure is called the kinematic viscosity u (m2/s) and is expressed as a ratio of a fluid's 

dynamic viscosity µ to its density p: 
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Mc,,-MrJ 
Developing an analogy to the damped ~ r: the dynamic viscosity µ is like 

the frictional coefficient b, while pis similar tom, or the inertial part, of the equation for 

the damped oscillator: 

-bv = ma 

A mass on a spring in motion on a frictional surface, for example, quickly comes to a 

stop if the ratio of b to m is large. Similarly, a large µIp means that the volume of fluid 

stops its own motion quickly. The Reynolds Number is can also be described as a ratio 

of inertial to viscous forces: 

p·v d·v N R = i~ertial 
VISCOUS 

= --=--
µ u 
d 

where d (m) is the pipe diameter, v (mis) is the average water velocity, and u (m2/s) is the 

kinematic viscosity of the fluid. 

The energy loss of turbulent water may be due to friction against the pipe wall, 

which depends on the wall material roughness and the velocity gradient nearby the wall. 

Since the velocity gradient is higher in turbulent flow than in laminar flow, as the 

Reynolds number increases, the wall friction loss also increases. Water also experiences 

energy losses caused by viscosity. Higher turbulence also means more intensive particle 

mixing and hence a higher viscous dissipation of energy. Overall, the energy losses in 

pipe flow increase with the Reynolds Number. For water flowing between sections 1 and 

2, a certain amount of effective energy hf is lost due mainly to wall friction and 

secondarily to viscosity. This can be written using Bernoulli's Equation: 

P v2 p v2 
_I+-' +h =-2 +-2 +h2 +h r 2g i r 2g . t 
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Using the Darcy-Weisbach equation, which is valid for incompressible and steady flows 

traveling through pipes: 

h = I(L)~ 
I d 2g 

where/is a dimensionless friction factor, Lis the length of the pipe (m), dis the pipe 

diameter (m), vis the average velocity (m/s), and g is the gravitational acceleration (9.81 

m/s2
). For a laminar flow, this reduces to: 

f = 64µ ~ 64 
pvd N R 

According to this equation,/is independent of the wall roughness.and inversely 

proportional to the Reynolds number. Substituting the last equation into the equation for 

hi gives: 

This shows that the specific head loss, in laminar flow, is proportional to v and inversely 

proportional to cf. 

The method for calculating head loss makes use of a factor e, which is determined 

by the roughness of the inner wall of the pipe. The roughness height, e, is measured in 

mm and describes the width of the grains of sand which, if glued to a completely smooth 

pipe, would produce the same amount of friction losses as the penstock. Since roughness 

increases over time, it is recommended that values of e for a 5 to 10 year-old pipe be used 

for realistic design purposes. This is especially important in schemes where the dry 

season flow will be used to produce power, in which case any head loss is significant, and 

where electricity is being generated so that the turbine must rotate with a specific 
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frequency. Both of these conditions are relevant in this case. When the flow is 

practically turbulent (NR>>2000), the friction factor becomes less dependent on the 

Reynolds number and more dependent on the relative roughness e/d. Some values of e 

for various materials are provided in the following table: 

Pipe material e(mm) 
Polyethylene 0.003 
Fiberglas with epoxy 0.003 
Seamless commercial steel (new) 0.025 
Seamless commercial steel (light rust) 0.250 
Seamless commercial steel (galvanised) 0.150 
Welded steel 0.600 
Cast iron ( enamel coated) 0.120 
Asbestos cement 0.025 
Wood stave 0.600 
Concrete (steel forms, with smooth joints) 0.180 

Table 2: Various pipe materials and their roughness height values 

Even in turbulent flows, there exists a very thin layer of flow right next to the pipe 

referred to as the 'laminar sublayer', the thickness of which is inversely proportional to 

NR , If e is much smaller than the sublayer thickness, the pipe is considered hydraulically 

smooth and/is not affected by-e. For this case the following equation applies: 

i7 = 2log(NRJ7J (2.7) 
'\J f 2.51 

At high NR, the sublayer thickness decreases and/becomes independent of NR, depending 

only one. In this case, the pipe is hydraulically rough, and this equation is used instead: 

In between these two extreme cases, the pipe behaves neither completely smoothly nor 

completely roughly and the following equation is used: 
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-
1
- = -2 log[__!j____ + 

2
·
51 J (2.9) J7 3.7e NR.Jl 

One may also study the Moody Chart to find/using the calculated values for the 

Reynolds Number (labeled 'Re' in the chart) and the relative roughness e/d. 
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Figure 5: The Moody Chart shows the friction factor as a function of the Reynolds Number and the 
relative roughness for round pipes 

Once/is found, the following equation may be utilized to find the head loss due 

to wall friction: 

Finally, the percentage loss of head due to friction and the net head is obtained: 

hJi t %loss = r,c ,on X 100 
hgross 

hnet = hgross - h friction 
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These steps may then be repeated with pipes of other pipe diameters. 

Calculating the Safety Factor 

Another factor in determining SF is the total head, which i~ the sum of the gross 

head and the surge head. To find the surge head (hsurge) during a blockage of the pipe, 

one must first calculate the pressure wave velocity a (mis). This equation is examined in 

detail in the following paragraphs: 

1400 
a = --;======== 

l+(2.lxl09 xdJ 
Ext 

where t is the thickness of the pipe in meters and d is the internal diameter of the pipe in 

meters. When a compressing or stretching force is exerted on a material, there is a 

change in its length along the direction of the force to an extent that depends upon a 

measure of the material's resistance to elastic deformation, known as Young's Modulus 

(Table 3). 

Material Young's modulus 
of elasticity 
E (N/m2 )E9 

Welded steel 206 
Polyethylene 0.55 
Polyvinyl chloride (PVC) 2.75 
Asbestos cement n.a 
Cast iron 78.5 
Ductile Iron 16. 7 

Coefficient of 
linear expansion 

a (m/m °C)E6 

12 
140 
54 
8.1 
10 
11 

Ultimate 
tensile strength 

.(Nfm2)E6 

400 
5 
13 
n.a 
140 
340 

Table 3: Young's Modulus for various pipe materials 

The response of any material to such a force can be expres_sed: 
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0.012 
0.009 
0.009 
0.011 
0.014 
0.015 



Where L0 is the initial length in the direction of the force F, A is the cross-sectional area 

with the normal along F, Fis the magnitude of the applied force, iJL is the change in 

length along F, and Eis Young's Modulus. Solving for E: 

Thus the modulus is analogous to the spring constant of Hooke's Law, but at a molecular 

level. Hooke's Law can be written: 

F=-k(x-x 0 )=>k=l~I 

A large E, analogous to a large spring constant k, means the material is more resistant to 

stretching and compressing forces. Similarly, if a fluid or solid with initial volume V0 

were to experience pressure, the volume of the substance changes by an amount 

determined by the Bulk Modulus (B0 ). The change can be described: 

L1V =MxB 
V o 

0 

or 

As with k and E, a larger B0 means that the substance is more difficult to compress. For 

example, air has B0 = 1.5xl05 N/m2 while water has B0 = 2.lx109 N/m2
. 

The speed of any wave is determined by the ratio of two properties of whatever 

medium through which the wave is traveling. One of these properties is the restoring 

force, or how hard the material pushes back against the external force toward 

equilibrium. The other is called the inertial force, or how difficult the medium is to 

compress or expand. These can also be written in terms of tension and density. 
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The velocity of a wave along a tensed string can be written: 

v= 
restoring 

inertial 
= 

tension 
mass/ 

/ length 

A violin string might have 200N of tension and a mass density of 0.001 kg/m, giving: 

V = 200N = 450 '½ 
o.001k1/m s 

Analogously for a fluid, the factors are the Bulk Modulus and the .density. Compression 

waves, such as sound waves, in air have speed: 

V = 

But compression waves in water have speed: 

v = 
2.lxl09 %2 

1oookg/ 
l m3 

= 3403/s 

= 14503/s 

It is supposed that the 1400 in the numerator of the equation for the pressure wave 

velocity a is the speed of compression waves in water where the surrounding pipe is 

completely rigid. The rest of the equation is a correction factor accounting for the pipe's 

ability to expand, which diminishes the restoring force of the water: 

If the volume increases due to pipe expansion, the effective Bulk Modulus is smaller. 

The degree to which the pipe expands when under pressure is a function of both the 
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outward pressure of the water and how difficult it is to stretch the material of the pipe. 

Thus without the pipe: 

~= 1400 

Taking the pipe into account, an effective Bulk Modulus is used to find the water 

velocity: 

r: ~ p(I:, 
1400 

=---;:::== 
-JI+ CF 

Where the correction factor CF is: 

CF= Bo xd 
Ext 

Now that the equation for a has been deciphered, the pressure wave velocity can be found 

with some understanding. From this quantity, the surge head and total head during a 

waterhammer may be found: 

4Q 
v= - -

m;12 

av 
h surge = -

g 
h,ota/ = h gross + hsurge 

where vis the water velocity. According to Eric Melander at Canyon Industries, the 

water velocity through the pipe should not exceed 12 ft/sec (about 3.66 mis) since this 

would impose unnecessary strain on the penstock. 

Finally, SF may be expressed: 

t eff XS 
SF=------

5xh1111"1 x 10
3 

x d 
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where Sis the ultimate tensile strength in N/m2
, dis the pipe diameter, and fe.ffective is the 

effective thickness dependent upon temperature. For PVC pipes, one must refer to the 

pipe manufacturer for low temperature thickness correction factors. feJfective may be as low 

as 0.5t if temperatures are sub zero. If the calculated SF is below 3.5, this penstock 

optio~ must be rejected and the calculations repeated for penstocks with thicker walls and 

larger diameters. Again, it is acceptable to have a SF of below 3.5 only under the 

aforementioned conditions. 

My Calculations and Recommendations 

The above method for calculating a safe, optimal diameter for the penstock pipe is 

a sound one, albeit a very complicated one. Before proceeding with the calculations, I 

contacted various turbine manufacturers for a ballpark estimate of the pipe diameters 

needed for the design flow of each scheme. I then attempted to find these numbers 

myself via the above equations, but found that the surge heads for these diameters and 

flows were unreasonably high and the safety factors well below 3.5. I sent my 

calculations to various turbine manufacturers via e-mail and they unanimously confessed 

that they have never used such equations and that their estimates were based mainly on 

experience or on standard charts that they frequently, successfully use for this type of 

project. I had more success with the Manning Equation, described earlier in the section, 

but my diameter values turned out to be larger than those recommended to me. Either 

way, the turbine manufacturers are vastly more experienced than I am, so it would be 

wise to follow their recommendations and to view the above theo~y and methods as 
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simply informative as to the principles of a penstock pipe. Below is a table of the general 

recommendations made by Canyon Industries: 

Scheme A SchemeB Scheme C 
Design Flow (ems) 0.26 0.54 0.82 
Recommended Pipe 12 20 22 
Diameter (in) 
Diameter using the 16.26 21.38 25 .01 
Manning Equation (in) 
Pipe Material PVC PVC or Steel Steel 
Water Velocity (m/s) 3.57 2.67 3.34 

Table 4: Various specifications for each scheme 

Furthermore, the low SF values should not be so alarming in our case since the 

cross-flow turbine will be equipped with a guide vane that will swivel to divert the water 

from entering the turbine while allowing the water to continue to flow through the pipe. 

The only scenario in which the water in the pipe would be completely blocked, causing a 

waterhammer, would be if a large object became lodged inside the pipe. With effective 

intake screens installed in front of the pipe entry, this will be almost impossible. 

For environmental and economic reasons, building the MHPS on Bard's side of 

the creek would probably involve burying a PVC pipe along the side of Bay Road and 

down the slope by the footpath heading towards the power station. This may be difficult, 

however, considering the dense substrate. The installation of an a~oveground pipe at 

Montgomery Place would change the present environment very little, if at all. It is 

advised that an installation on the south side of the creek be done above ground with 

either a 16-inch PVC sleeve or a larger steel pipe. 
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The Turbine 

The purpose of a hydraulic turbine is to transform the water's kinetic energy into 

mechanical energy by applying a force to the rotating component of the turbine called the 

runner. It is the role of turbine manufacturers to design turbines and it is necessary to 

refer to the manufacturer from the beginning of the project for sound advice on the size 

and type of turbine to be installed. The criteria for choosing the right turbine for a 

particular application and the methods employed in determining a turbine's dimensions 

are interesting from a scientific standpoint. The type of turbine chosen depends on the 

head, power required, the flow pattern, energy demands, ease of maintenance, cost, 

cavitation problems, and the speed at which it is desired to run the generator for whatever 

load is attached. 

Each type and size of turbine runs more efficiently at certain speeds and works 

best under a given flow rate. Also, the generator may need to run at a greater speed than 

the turbine rotational speed, in which case a speed-increaser made from gears or belts 

connects the generator and turbine to match their speeds. It must also be determined 

whether the turbine will be expected to run under part-flow conditions, as some turbines 

perform better than others at part-flow. There are advantages and disadvantages to the 

various turbine sizes. Generally, a smaller runner is cheaper because it requires fewer 

materials to manufacture and has a faster rotational speed, which may eliminate the need 

for a speed-increaser. However, unlike larger turbines, smaller turbines may not have a 

method of altering the flow rate and thus are dependent on the natural flow rate of the 

nver. 
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The kinetic energy in the water is converted into mechanical energy in the turbine 

by one of two mechanisms, reaction and impulse, both of which are described in the 

following few sections. 

Reaction Turbines 

In a reaction turbine (Figure 1 ), the 

pressurized water leaving the penstock applies a 

force on the face of the runner blades, the 

magnitude of which decreases as it proceeds 

through the turbine. The head below the blades, 

called the 'suction head', produces about as 

much power per foot as the head above the 

blades. In order to derive the most power, a 

draft tube is positioned between the turbine and 

Figure 1: Reaction turbine with draft 
tube 

the tailrace, minimizing the kinetic energy still remaining in the water leaving the runner. 

Since the kinetic energy is proportional to the square of the velocity, one of the goals of a 

draft tube is to reduce the outlet velocity. An efficient draft tube keeps the suction 

pressure pointing downstream and allows the turbine to remain above the tail-water 

height without losing any head. 

66 



draft tube 

tailwot i' 

Figure 2: Draft tube with air bleed valve 

The draft tube always contains some of the 

tailwater and any decrease in the tailwater 

level induces a greater vacuum that may be 

regulated by an air bleed valve (Figure 2) in 

the casing. The draft tube must be carefully 

designed so that water never backs up and 

submerges the turbine. The draft tube also gets 

rid of unwanted spray that would otherwise 

interfere with incoming water. In addition, a 

well-designed tube has a conical section with 

an angle small enough to avoid flow 

separation. The optimum angle is 7°, but to 

reduce the draft tube length and cost the angle may be as large as 15°, depending on the 

particular case. Draft tubes are particularly important in high-speed turbines where water 

leaves the runner at high velocities, which is usually the case with low head to power 

ratios. High enough suction pressure may induce water pressure fow enough to vaporize 

the water into 'cavities', which form and collapse with high frequency. This 

phenomenon, called cavitation, is discussed in greater detail in the next section. The 

draft-tube design has such a large effect on turbine operation that it is recommended that 

the turbine manufacturer be in charge of its design and fabrication. 

Reaction runners are usually fully immersed in the water and enclosed in a pressure 

casing that must be strong enough to withstand the operating pressure. The runner blades 

are slanted so that pressure differences above and below impose a lift force. They rotate 
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faster than impulse turbine runners do given the same head and flow conditions. Thus 

they can often be directly coupled to a generator without speed-increasing belts. They are 

by and large more expensive than impulse turbines, but the extra expense is offset by 

their higher efficiency, high running speeds at low heads, and relative compactness. 

Examples of reaction turbines include the Francis and Propeller (Kaplan) types. 

Francis turbines are radial flow (Figure 3(a)) reaction turbines, with fixed runner 

blades and adjustable guide vanes, and are used for medium to large heads. This type is 

often used with much larger-scale hydropower projects, such as the Hoover Dam. In a 

Francis, the water flows through the turbine as if it was enclosed 'in a pipe, moving from 

the fixed guide vanes to the rotating runner without any contact with the atmosphere. 

Water enters radially, imparts pressure energy to runner, exits the runner axially, and 

proceeds through a draft tube. 

\, I 

-{ ~ 

I \ ' ~ .. 
(a) (b) 

(d) 

Figure 3: (a) radial flow, (b) axial flow, (c) mixed 
flow, and (d) tangential flow 
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Guide vanes control the discharge 

going into the runner by rotating, 

changing the angle at which the water 

strikes the runner blades. They are made 

to rotate around their axes by connecting 

rods attached to a large ring that 

synchronizes the movement off all 

vanes. Wicket gates may be used in 

conjunction with a butterfly valve to shut 

off the flow to the turbine in emergency 

situations. For small heads, Francis 



turbines are usually set in an open flume. For higher heads, heavy steel casings with 

variable cross-sectional area are used so that the tangential velocity of the water is 

constant throughout. Small runners are usually made from aluminum and bronze, while 

large runners are fabricated with curved stainless steel plates welded to a cast steel hub. 

Overall, Francis turbines are involve heavy, expensive materials, and have poor part-flow 

efficiencies. 

Propeller turbines are axial-flow (Figure 3(b)) reaction turbines, generally used for 

low heads. They operate similar to boat's propeller and are usually fitted as an extension 

of the penstock pipe. The propeller blades are pro?led so as to take full advantage of 

pressure lift forces acting upon it. The Kaplan turbine, a type of propeller turbine, has 

adjustable runner blades and may or may not have adjustable guide vanes. If both are 

adjustable, it is described as a 'double-regulated' Kaplan, while if the guide vanes are 

fixed it is 'single-regulated'. Unregulated propeller turbines are used with relatively 

constant flow and perform poorly at part flows. The flow enters the casing radially, 

makes a right angle turn, and enters the runner in the axial direction. The control system 

in a Kaplan is designed so that the angular variations of the blades and guide vanes obtain 

the best efficiency over a wide range of flows. The rotation of the vanes and blades are 

usually controlled by a vertical rod that slides inside the hollow turbine axis during 

operation. 

Cavitation 

The formation of liquid into a vapor due to low pressure may cause small bubbles 

to leave the low-pressure region by the flow and collapse in regions of higher 
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pressure. This gives rise to what is called cavitation. 

The collapsing bubbles create very high, short-lived 

pressures accompanied by considerable noise sounding 

as if gravel were passing through the turbine. These 

spikes in pressure change near the sides of the turbine 

damage the material over time and may even form 

cracks in the metal. In a relatively short time the turbine 

may become severely damaged at which point it must 

be shut-off and repaired. 

Thoma's sigma is a coefficient that defines 

Figure 5: The lifecycle of a 
cavitation bubble from 
www.variclean.nl. 

precisely under what conditions cavitation takes place and is given by this equation: 

Where hns is the net suction head and his the net head. Thoma's sigma is 

usually provided by the turbine manufacturer and helps to determine at what height 

over the tailrace the turbine should be installed in order to avoid cavitation. This 

height can be found: 

z = h atm - hvap - (j Th 

Where hatm is the atmospheric pressure head and hvap is the vapor pressure head. 

Impulse Turbines 

In contrast with reaction turbines, impulse turbines convert water pressure energy into 

kinetic energy in the form of a high-speed jet that strikes the runner blades. Since the 

available energy at the entrance to the turbine is transformed entirely into kinetic energy, 
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the water leaves the turbine at atmospheric pressure in the form of a free water stream. 

Thus, unlike reaction turbines there is no net pressure change, so the turbine may be 

operated with or without pressure casing. If used, the casing is relatively light and serves 

only to prevent splashing. Impulse turbines are cheaper, more tolerant of sand and other 

particles, allow better access to working parts, are easier to construct and maintain, and 

have better part-flow efficiencies. Examples include the Pelton, Turgo, and Banki

Mitchell types. 

In a Pelton turbine (Figure 6), the water enters the runner radially on one side of the 

runner disk and emerges from the other side. Peltons contain one ·or more jets of water 

that are aimed at a series of buckets mounted on the periphery of a circular disk. Each jet 

comes through a nozzle oriented in the plane of the runner with a spear valve to control 

the flow. The pressure energy in the nozzle is converted into the kinetic energy in jet of 

water, which is then imparted onto the runner blades and becomes rotational energy. 

The number of jets or the number of runners per shaft may be increased in order to boost 

the power generated. 

Peltons are used for relatively 

high heads. Although a small 

diameter Pelton is capable of lkW 

on a 20-meter head, at lower heads 

and higher powers the runner must 

be larger and becomes too 

cumbersome. To stop the turbine if 

the turbine approaches the runaway 
Figure 6: A Pelton turbine with nozzle and draft tube 
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speed, a plate may be used to deflect one or more, of the jets, slowing the runner. To 

prevent a waterhammer, the spear valves may be closed very slowly. Any kinetic energy 

leaving the runner is lost and so the buckets are designed to keep the exit velocity of the 

water to a minimum. Since the water remains at atmospheric pressure before and after the 

blade, the turbine casing only needs to protect the surroundings against water splashing 

and therefore can be very light or dispensed with altogether. Peltons maintain high 

efficiency at part flows. 

The Turgo turbine can operate under a head in the range of 30-300 m. It is very 

similar to the Pelton, except that the water strikes the plane of a runner at an angle (about 

20°) so that the incoming jet does not interfere with outgoing water. Thus the volume of 

water a Turgo turbine can admit is not limited by the interference between water exiting 

and entering the buckets, resulting in a higher runner speed than the Pelton. This makes 

direct coupling of the turbine and generator more feasible and gives the Turgo a higher 

overall efficiency. Although maintenance is made simpler by the lack of speed-

/ 

Figure 7: The cross-flow turbine 
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increasers, the turbines themselves are 

more fragile than Peltons, and thus are 

more difficult to make and maintain. 

The cross-flow turbine (Figure 7) is 

often called either the Banki-Michell in 

commemoration of its inventors or the 

Ossberger after the German company that 

has been manufacturing them for the 

longest time. The system is somewhat 



similar to the Pelton Wheel in concept, but requires less engineering in the wheel itself. 

It is composed of a drum-shaped runner made of two parallel end discs connected by a 

series of curved blades and its shaft is always horizontal to the ground. The water 

injector has a rectangular cross-section with a width of about one-fifth to one-tenth the 

diameter of the runner. A sheet of water, which can be adjusted by a profiled guide vane, 

is directed radially into the blades a little more than halfway up the turbine on one side. 

The water crosses through the empty center of the turbine and exits just below the center 

on the opposite side. Thus the water strikes blades on both sides of the runner. It is 

claimed that the entry side contributes about 75% of the power extracted from the sheet 

of water and that the exit side contributes the remainder. The water enters the turbine at 

pressures slightly higher than atmospheric, making the cross-flow somewhat of a reaction 

turbine. As with reaction turbines, cross-flow turbines are often fitted with a draft tube, 

which increases the effective head by the inducement of a partial vacuum inside the 

casing. 

Figure 8: A cross-flow turbine with guide 
vane 

Overall, the cross-flow is compact, easy 

to operate and maintain, flexible in 

adapting to changes operational conditions, 

cheap, and easy to install. The cross-flow 

may be utilized over a wide range of 

conditions, encompassing heads between 1 

and 200 meters and discharges between 

0.02 and 10 ems. It works best under 

medium heads but will "work" on heads as 
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low as 1 meter. Rotation rates can vary from 50 to 2000 rev/min and the output power is 

limited to less than l000kW due to the fragility of the blades. Because the device is 

cylindrically symmetrical, the runner length can be changed without changing the 

hydraulic characteristics. Doubling the runner doubles the power output at same speed. 

Thus cross-flow turbines on lower heads usually require longer runners. 

The cross-flow is the most suitable turbine for this project because the Saw Kill has 

such widely variable flows. Below is a detailed description of the way that a cross-flow 

works using vector analysis. 

Figure 9: Water enters the cross-flow turbine 

In Figure 9, Vi is the water input velocity entering at angle a1 in the lab frame, VJ 

is the water velocity at angle /31 relative to the rotating frame of the wheel, and UJ is the 

water velocity tangential to the velocity of the wheel. Path AB represents the blade and 

the path of the water over the blade. The relative velocity at the entry VJ can be found if 

u1 is known. These vectors are related: 
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For the maximum efficiency, the angle of the blade should equal /k Similarly, the 

relative velocity at the exit v2' from the blade into the runner forms angle /32' with the 

blade. The absolute water velocity at the exit Vi', which is at angle a2 with the blade, can 

then be found from the values of v2', /32', and u]'. Assuming constant absolute velocity 

over the center of the runner, the absolute velocity Vi' where the water reenters the 

periphery at point C is equal to Vi' and the path over the blade CD upon the water's exit 

from the runner can be found (Figure 10). Furthermore: 

t_ I 
a1 -a2 

/31'=/32 1 

/31 = /32 

since these are corresponding angles of similar velocity triangles. Thus at maximum 

efficiency the angle of the water to the blade at the exit must be the same as at the entry. ,. 
' 

- - ---· • u, --==- --=- ~---= 
Figure 10: Water exits the cross-flow turbine 
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Calculating the efficiency of the turbine involves the break horsepower, which is 

the measure of the turbine's output power without losses caused by the gearbox, 

generator, and other auxiliary equipment is called. This can be expressed: 

HP -[ w; )v, cos a, +v2 cosa,}u, 

V,cos a. 
~ 

Figure 11: The velocity triangle relating absolute and relative velocities 

This can be reduced using this fact, apparent from Figure 11: 

Neglecting the small increase in velocity due to water falling over the height of the 

runner gives: 

where If/ < 1 is found empirically and depends upon the thinness and smoothness of the 

blades. Also from Figure 11: 

By substituting the last three equations into the horsepower equation: 
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Since /J1 = /J2. Vi can also be written: 

where C is a function of the nozzle dimensions. Thus the theoretical horsepower input 

due to the head his: 

HP = wQh = wQV;2 
o g 2C2g 

The efficiency 11 is equal to the ratio of the break horsepower to the theoretical 

horsepower: 

TJ = (2c 2 u, Iv, Xi+ 1/1 Xcos a, - u, Iv,) 

If one considers all variables as constants except for the efficiency and the ratio u/Vi, 

then by differentiating and equating to zero: 

and for maximum efficiency: 

1 2 ( ) 2 
T/max = - C 1 + 1/f cos a, 

2 

Thus for TJ to be as large as possible, angle a should be as small as possible and C 

and 1/1 should be as close to unity as possible. Some favorable values within reason are 
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a1 =0.96 radians, C= 0.98, and vr-=0.98. Substituting these values into the efficiency 

equation gives an efficiency of 87.8 %. 

Sophisticated machines attain efficiencies as high as 80%. While this is lower than 

most other turbine efficiencies, part-flow efficiency at low flows can be maintained at 

high values by flow partitioning. By having two guide vanes at the rectangular nozzle, 

one covering one-third and the other covering the remaining two-thirds, it is possible to 

maintain fairly constant efficiency down to about 20% design flow. This is depicted in 

the graph below: 

% EFFICIENCY 

0.2 0.4 o.r. 0.8 L? 
1/3 . 0/0max I 

,•1 ~ 
2/3 

~ 1
1 

• r 
3/3 

-
Figure 12: The part-flow efficiency of a cross-flow turbine is kept high by partitioning the flow over 

two runners of different sizes. 
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~ow 

Figure 13: A bulb turbine 

The cross-flow can be easily 

fabricated in home shops at an average 

efficiency of 60%.' The draft tube and 

associated plumbing may be fabricated 

with sheet metal tools Commercially-built 

cross-flow turbines can deliver higher 

efficiencies of up to about 80%. 

Regardless, it will save loads of time and 

money to leave the design and construction of the turbine to the experts. 

Other types of turbines include bulb units and reverse pumps. Bulb units are like 

Kaplan turbines except that the generator is contained in a waterproofed bulb submerged 

in the flow. The generator and gearbox may be cooled by pressurized air lodged in the 

bulb. Only the electric cables leave the bulb. Standard centrifugal pumps may be 

operated as turbines by directing the flow from pump outlet to inlet, hence the name 

reverse pump. Since they have no flow regulation capabilities, they can operate only 

under relatively constant heads and discharges. 

Overall Efficiency 

The overall turbine efficiency is defined as the ratio of the mechanical power 

transmitted by the turbine shaft to the hydraulic power absorbed by the turbine and varies 

with the discharge, head, and water velocity. The three types of efficiency involved in a 

turbine's total efficiency are pressure efficiency, volumetric efficiency, and mechanical 

efficiency. The pressure efficiency can be written as: 
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17 
_ h1:: _ energy_ effectively _ used_ by_ turbine 

" - h
11 

- energy_ available_ to_ the_ turbine 

Where u is the speed of the water relative to the rotating frame of the runner, C is the 

absolute speed of the water, and P £and P n are the power outputs at effective heads hE 

and hn respectively. The volumetric efficiency depends upon the fraction of the flow that 

bypasses the runner through the watertight joints. It is expressed: 

where Q is the useful flow and Qi is the flow before the water leaked out. Mechanical 

efficiency, on the other hand, is related to the losses through mechanical friction. The 

mechanical power available at the shaft is: 

h = pa 
a Qg 

The mechanical efficiency is then the ratio of mechanical power Pa available at the shaft 

to the effective power available PE to the turbine: 

The overall efficiency is the product of the three efficiencies above and is expressed: 
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The overall efficiency varies with the ease with which the water enters the 

turbine, or the degree of opening, measured by the ratio of the theoretical discharge Q to 

the maximum usable discharge Qmax· Impulse and Kaplan turbines whose vanes can be 

adjusted relative to water velocity are relatively insensitive to the degree of opening 

while reaction turbines have efficiency curves that decline sharply with a decreasing 

degree of opening. 

Another contributing factor is the turbine head. For impulse turbines, the net head 

is measured at the point of impact of the jet, which is always above the downstream water 

level. Thus the head is lower than it would have been had a reaction turbine been used 

and this head reduction can be interpreted as a reduction in efficiency. This difference is 

more significant for low-head schemes. In addition to the turbine efficiency, the overall 

efficiency of a turbine-generator system depends on the efficiencies of the speed 

increaser and the generator. Usually the efficiency is plotted against QIQmax for a 

particular specific speed, which is described in the next section. 

Specific Speed 

Most hydraulic structures are designed according to the results of preliminary 

model studies based on the static and dynamic behavior of water flow. Turbine 

manufacturers make use of scaled models, attempting to use test data on the performance 
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of one type of turbine to predict the performance of a geometrically similar machine on 

another scale. This type of analysis is possible only if the model and prototype are 

geometrically similar. Thus if the ratio of the lengths is k, the ratio of the areas will be I< 

and the ratio of the volumes 'I<. They must also have the same volumetric coefficient: 

c-Q/ 
- / A~2gh 

If two machines Sand S' are geometrically similar, then C=C' and one can deduct from 

dimensional analysis a scale factor: 

where Q and Q' are in ems, h and h' are in meters, A and A' are in m2
, and k is 

dimensionless. The ratio of the powers in kW of the two systems can be expressed: 

p hQ (h)½ 2 ---- - k 
P' h'Q' h' 

And the ratios of the water velocities in each case is: 

where v and v' are in mis. Since angular velocity is n=vlr in rpm, where r is the radius of 

the turbine runner in meters, the angular velocity ratio is: 

Solving fork obtains: 

n v/r 
-= --
n' v'/r' 

vr' 
= 

v'r 

= ·(~)½ _!_ 
h' k 
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k=(!!_)½ ~ 
h' n 

Where n=60ai2trrpm and is the speed ofrotation of the turbine. Substituting this into 

the power ratio equation: 

!_ = (!!_)½(~)2 
P' h' n 

For a model with a head h ' of 1 meter and a discharge Q ' such that the power generated 

P' is 1 kW, assuming that the runner is turning with angular velocity n '=ns rpm, the last 

equation can be written: 

where ns is known as the specific speed of turbine S and is defined as the rotation speed 

of a geometrically similar turbine operating at a scale which produces 1 horsepower 

under a net head of 1 meter with the same optimum pressure efficiency as that of turbine 

S. All geometrically similar turbines have the same ns, The specific speed can be written 

as a dimensionless quantity Ns: 

n.jPTp 
N,, = (gh)514 

where Q is the angular velocity and pis the water density. 

The above calculations are only general estimates of the specific speed and do not 

take into account the characteristics of an individual turbine, which is why turbine 

manufacturers generally specify the specific speed of their turbines. Below is a table of 

specific speeds as best-fit curves found from empirical power tests by various 
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manufacturers. The powers ofh vary due to turbine and manufacturer-specific 

dependence of the specific speed on head, angular rotation, power, etc. 

Turbine Type Specific Speed 

Pelton (1 jet) ns=85.49/hu.l4J 

Francis n5=3763/h0
·

11:,4 

Kaplan n5=2283/h0
·
411

1> 

Cross-Flow ns=513 .25/h u.:iu:, 

Propeller n5=2702/h0
·:, 

Bulb ns=l 520.26/h0
"~

11
"' 

Table 1: Each type of turbine has its own specific speed equation 

Once the specific speed is known the fundamental dimensions of the turbine can be easily 

estimated. 

Net head and Volumetric Flow Criteria 

The gross head is the vertical distance, between the water surface level at the 

intake and at the tailrace for reaction turbines and the nozzle level for impulse turbines. 

Once the gross head is known, the net head can be computed as stated earlier. Below is a 

table for each turbine type its range of operating heads. Note that there are regions of 

overlap so several types of turbines may be employed for a certain head. 

Type of Turbine Minimum Head Maximum Head 
(m) (m) 

Kaplan/ Propeller 2 40 
Francis 10 350 
Pelton 50 1300 
cross-flow 3 250 
Turgo 50 250 

Table 2: The head ranges for some turbine types 
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Which types of turbines suitable for the also depends upon the volumetric flow. Below is 

a chart that illustrates for which heads and flows certain turbines 8:re appropriate: 

30 

J 20 I 

10 .,.0 J ,-~ 
'-, 

II 

I 
3 I 2 

0 0,2 0,9 1 20 30 110 100 

Figure 14: A graph showirig the appropriate turbine choices for various heads and flows 

According to.Figure 14, fhe choices suitable for our application are the Banki

Mitchell and Kaplan turbines and the total power produced would be somewhere between 

10 and 50 kW. However, the specific speed criterion is more reliable and precise than 

using the graph of head vs. discharge in the selection of the turbine. 

In our case with a net head of 16.63 m, estimated power output of about 30kW, and using 

a standard 1500-rpm generator, one may calculate the specific speed: 

n = ISOOffo = 244.6 
s 16.6312 5 

This specific speed at this net head lies ambiguously between the cross-flow and Francis 

turbines on the chart below. 
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Figure 15: A graph of the relationship between the net head and specific speed for various turbines 

If a speed increaser is used between the turbine and generator, which is allowed to 

have a ratio of up to 3, the turbine could run in a range from 500 to 1500 rpm. The 

specific speeds corresponding to these speeds are between 81.5 and 244.6. At this head, 

this range of specific speeds falls more around the Ossberger turbine than the Francis. 

Recommendations for the Turbine 

From all of the more experienced people I have spoken with over the past six 

months, I have heard nothing but outright support for the selection of a cross-flow turbine 

for the project. Cross-flow manufacturers include Hydropak, Powerpal, WKV, Windsor 

Machinery, HTS Inc., and Canyon Hydro. I recommend either HTS Inc., Windsor 

Machinery, or Canyon Hydro, as they have both been the most helpful in the planning 
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aspects and manufacture turbines most suited to our site. In terms of distance, Windsor 

Machinery is only thirty miles from Bard in Wappingers Falls, NY, while Canyon 

Industries is located 3050 miles away in Deming, WA and HTS Inc. has its factory in 

Austria. However, Windsor Machinery is a smaller business, less well known, and may 

not provide equipment of the same caliber as the other two companies, which have a 

broader customer base. 

Generators 

The generator transforms the mechanical energy of the turbine into electrical 

energy. The numerous decisions about the type of generator most suited for the project, 

such as whether it should be alternating current (AC) or direct current (DC), synchronous 

or asynchronous, single- or three-phase, etc., depends mostly on the consumer's needs, 

the type of load, and. the location of the site with respect to the grid. Although early 

hydro systems did use mainly DC generators, today the more popular type is three-phase 

AC. Depending upon the characteristics of the power consumer, one may use 

synchronous generators or asynchronous generators. 

Synchronous vs.Asynchronous 

The synchronous variety has a DC excitation system with a voltage regulator to 

control the voltage, frequency, and phase angle if not connected to the grid and to supply 

the reactive energy required by the power system if it is connected to the grid. They are 

the more expensive type and are used in systems where either the generator supplies most 

of the power to the system load or when the power exceeds 5000 kW. The synchronous 
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generator is started by the turbine rotation before being connected to the grid, if at all. 

The turbine gradually accelerates the generator until the generator. reaches a velocity that 

is close to synchronous with the grid, at which point the exciter regulates the current so 

that the generator's voltage matches that of the grid. The exciter is a small DC generator 

and utilizes between 0.5% and 1.0% of the total power. If the generator is on an isolated 

connection, its voltage is predefined and independent of the load. · 

Asynchronous generators are simply induction motors run in reverse. Basically, 

by applying a driving torque to an induction motor, the motor's nominal frequency may 

be exceeded. The torque of this now 'asynchronous' machine is then exerted opposite to 

the motion and begins to absorb mechanical energy and transform· it into electricity. 

These generators cannot control their voltage or frequency so they must be connected to 

the grid. Thus their running conditions are dictated by the frequency, voltage, and phase 

angle of the grid, drawing reactive energy by their own magnetism. They are generally 

used in connection with large grids where their output is insignificant in comparison to 

the total power supplied by the grid. Several efforts have been made to design electronic 

devices for the excitation and control of asynchronous generators at isolated sites, but 

such devices have only begun to enter the market. 

Over the entire range of power outputs, asynchronous generators are from 2 to 4% 

less efficient than synchronous generators. Unlike the synchronous generator, 

asynchronous generators need to use some of the absorbed power to maintain its 

magnetization, even if the generator receives some of its reactive power from a series of 

storage capacitors. This supply regulates the frequency of the stator's magnetic flux and 

hence the rotational speed above of the rotor shaft. The turbine is accelerated during the 
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start-up to about 90% of the generator's speed, when a velocity relay closes the main 

switch. At this point, the generator is able to balance the driving and resisting torques 

and to synchronize itself with the grid in stable operation. 

In our case, the outside grid will impose its own frequency and voltage on the 

installation and an asynchronous machine should be used. Although it would be 

attractive feature of the system if it could continue to run during a·power outage, it is 

rarely ever worth the extra cost for a synchronous generator if the site is anywhere near a 

grid connection. 

AC vs.DC 

Selecting an AC or DC generator involves a trade off between the benefits and 

costs of each. DC generators allow for energy storage in DC batteries and are usually a 

smaller and less expensive option altogether. Energy storage may be necessary when the 

highs and lows of flow and demand are mismatched. However, most electrical 

appliances today run on AC and DC storage batteries are heavy, relatively costly, and 

have short lifespans. 

An AC generator, on the other hand, is more compatible with long transmission 

lines, requires cheaper, simpler switches and circuit breakers, and is more convenient for 

running home appliances, as an inverter is unnecessary. Energy storage in DC batteries 

with an AC generator is very complicated and expensive, as it requires one inverter to 

convert the current from AC to DC and another one to convert back to AC. However, if 

storage is necessary in a scheme involving an AC generator, it can be achieved by storing 

water behind an extra dam or intake during times of low demand and high flow. Also, 
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with AC systems, the frequency of the current and thus the speed of the turbine-generator 

unit must be regulated by a governor, making for a tnore complicated electromechanical 

system. 

For reasons of safety, ease of transport, and ease of transformation, AC generators 

are installed in most applications. With an AC power supply, current, voltage, and power 

vary regularly. Thus they each have an angular frequency m such that: 

where Tis the period of rotation and/is the rotational frequency. The generator output 

frequency is designated by the national standard, which is 60Hz in the US. Below is a 

table of the frequencies and the number of poles of some standard AC generators: 

Table 3: The number of poles and frequencies of some standard generators 

Number Frequency Number Frequency 
of poles 50 Hz 60Hz o f poles 50 Hz 60Hz 

2 3000 3600 16 375 450 
4 1500 1800 18 333 400 
6 1000 1200 20 300 360 
8 750 900 22 272 327 

10 600 720 24 250 300 
12 500 600 26 231 277 
14 428 540 28 214 257 

The output of an AC generator is a current and voltage that both changed in 

magnitude with time. With purely resistive external wires, the current and voltage are in 

phase and the power is simply the product of the other two parameters: 

P=IV 

where P is power, I is current, and Vis voltage. Because the currt:nt, voltage, and power 

vary with time, were one to connect the generator to a voltmeter, ammeter, or power 

meter, the meter would give an average value. If the external current includes inductors 
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or capacitors, such as motors or lamps, the voltage and current are not in phase. Even 

though the peak voltage and current are not changed, the power in this case is reduced by 

a factor called the 'power factor' Pf: 

P = 1Vp1 

where Pf= cos¢ and¢ is the phase lag between the voltage and the current. Some of the 

energy introduced into an LC circuit is not actually consumed, but is absorbed into the 

electrical and magnetic fields where it circulates throughout the system and does no 

useful work. 

The actual current drawn is an important factor in determining the size of the 

wires and windings that are used in the generator. Thus it is not the power generated that 

indicates the current and therefore the size of the generator, but the apparent power in 

kV A. The relationship between real power P and apparent power PA is: 

P(in_kW) = p 1 xPA(in_kVA) 

Thus the capacity of the generator PA appropriate to the scheme may be found from the 

above equation. If the power factor is unknown, a value of 0.8, implying a current lag of 

about 3 7°, may be used as the value for a typical system load. The real power 

consumption is the sum of the kilowatt ratings of the electrical appliances being powered 

minus some small amount of energy dissipated as heat in the transmission wires. The 

power loss Pwire in watts due to the resistance of the wire is simply: 

To understand the way an AC generator works, consider a loop of wire called the 

rotor through which flows a continuous induction current of intensity J and which rotates 

at an angular velocity OJ relative to a fixed frame called the stator. If this also carries 

91 



electricity, each tum will cut the magnetic field created by the rotor, whose frequency is 

N=2n/ro. An alternating current I of the same frequency will then be created in each tum 

of the rotor. If the rotor is composed of one short-circuited tum, then, according to 

Lenz's Law, a current will flow through it in a direction that opposes the motion that 

created it. Thus the rotor rotates in the direction of J, the induction current, until it 

reaches a stable frequency ro', which is always less than the synchronous frequency ro. If 

ro '=ro, the flux through the rotor would be constant and the induced current I would be 

zero. Thus an asynchronous motor rotates at speed: 

m'=m(l-g) 

The generator speed is related to the number of poles and the frequency in the 

following way: 

N = 120/ 
n 

where N is the generator speed in rpm,/is the output frequency in· Hz, and n is the 

number of poles. Asynchronous machines should have an even number of poles on both 

the rotor and the stator, but the rotor can be wired for a number of phases. Usually, 

instead of coil windings, there are bars arranged in slots. Since the front ends of the coils 

only serve as connectors, they may be replaced by two low-resistance rings called 

shortening rings. This more conventional arrangement is called a 'squirrel cage rotor'. 

For micro hydroelectric plants, the generator usually has two, four, or six poles. 

Generators that run at lower speeds, or those with more poles, are safer to use because the 

generator will not reach such high speeds during turbine runaway. The high speeds of a 

two-pole generator during such a system failure is potentially disastrous. At the same 

time, more poles equal more expenses and six-pole generators are more commonly used 
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for mini-hydropower (100-l000kW) operations. Thus a generator with four poles is 

recommended. 

An AC generator may be either three-phase or single phase, but generators over 5 

kW are usually three-phase. While a single-phase AC generator consists of a single coil 

rotating in an electric field with a single waveform describing the voltage over time, a 

three-phase generator consists of three, evenly spaced rotating coils and produces three 

sine waves out of phase by 120°. The load is then split into three parts, each one 

connected to one of the alternator phases. The three fractions of the load must be 

balanced so that there is roughly the same load impedance in each phase. The larger the 

number of individual loads in the system, the easier it will be to balance them. As a rule 

of thumb, systems of less than 10 kW are single phase and systems of more than 5 kW 

are three-phase. Systems between 5 and 10 kW may be either, depending upon the 

relative costs and degree of load balance that is possible. 

With a three-phase system, power is delivered more efficiently and less 

transmission line is needed. At best, a three-phase system needs only a quarter of the 

wire required for a similar sin~e-phase system. Also, 3-phase generators are usually 

smaller, cheaper, and more readily available than single-phase generators. However, the 

switchgear and control system is more costly and complicated than it is for a single-phase 

system. 

Recommendations 

When purchasing the generator, the manufacturer must be made aware of certain 

characteristics so that an appropriate system is chosen. The generator may be purchased 
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by itself or as part of a turbine-generator assembly. With the latter, certain specifications, 

such as the type and ratio of the speed-increasing device, the generator rotational speed, 

and the number of poles, need not be specified by the purchaser. The output power is a 

function of the available flow, net head, and the unit's overall efficiency. Thus when 

purchasing such a unit, only two out of these three parameters are specified by the 

developer. Only the manufacturer knows the overall efficiency, so only the manufacturer 

can find the third parameter. Thus it is recommended that the generator and turbine be 

purchased from the same manufacturer. 

By and large, it seems that the Saw Kill MHPS will be best off with an 

asynchronous, AC, three-phase generator. With this type, the system can be connected to 

the grid, is compatible with standard electrical appliances, and is comparatively less 

expensive. 

Speed Increasers 

According to the equation for specific speed ns seen in the section on turbines, the 

rotational speed of a turbine is a function of its specific speed, as well as the scheme's 

power and net head. In micro hydro schemes, standard generators should be used, which 

limits the possible rotational speeds of the turbine. The turbine may be synchronized 

with the generator either by direct connection or through a speed increaser. 

When the turbine and the generator are working at the same rotational speed and 

their shafts placed in line, the two machines can be directly coupled, or attached without 

the use of speed-increasing belts or gears. Direct coupling may be rigid or flexible, 

although a flexible connection is usually recommended since it can tolerate some 
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misalignment. In low power schemes, turbines may run at less than 400 rpm, in which 

case they would need a speed-increaser to meet the 1000-1500 rpm of standard 

generators. In micro hydroelectric systems, speed-increasing is more economical than 

the use of a custom-made, low-speed generator. 

Some speed increasers consist of an arrangement of gears inside a gearbox. This 

type is usually employed in schemes with relatively high power ratings and are classified 

according to the gears used in their construction such as the parallel-shaft, bevel gears, 

and epicycloidal. The parallel-shaft types use helical gears, which have teeth cut at an 

angle so that the gear wheels. mesh more graually and make less noise than straight-cut 

gears. The gears are set with axes parallel to the turbine axis and work well in medium 

head applications. Bevel gears, usually limited to low-head operations, use spiral bevel 

gears perpendicular to the turbine and generator shafts. The epicycloidal speed-increaser 

is very compact and is usually applied in schemes over 2 MW. 

The gearbox of the speed increaser should ensure that all the components remain 

aligned. It is usually made of heavy, welded steel so that it can withstand the turbine 

torque without warping. If the generator and turbine become out of sync, either because 

of a dramatic change in the load or a sudden change in water flow, the gears may 

experience very high strain. The installation of a torque limiter will protect the gears so 

that the connector breaks when there is an unusually high force. The gears must always 

be lubricated with oil that is within certain specifications of oil temperature, quality, 

volume, and viscosity. Journal bearings must also be employed. These are fluid bearings 

in which a shaft, or "journal", rotates in the bearing with a layer of oil separating the two 
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so that, once rotating, the surfaces do not come in contact at all. Simple roller bearings 

work for schemes under 1 MW. 

Reccomendations 

While the Canyon Industries turbine generator unit contains a geardrive assembly, 

some of the aforementioned turbine manufacturers, namely Harry .Terbush and Alfred 

Patzig suggest opting instead for either a direct connection or a belt drive system. With 

belt drives, the speed ratio is achieved using pulleys of different diameters on the turbine 

and generator shafts. It is usually convenient with this method to locate the turbine and 

generator parallel to one another. As the turbine shaft rotates, it rotates a pulley, which 

moves the attached belt by friction. The belt turns another pulley attached to the 

generator shaft, which drives the generator. The grip that the belt has of either shaft 

depends upon the belt's tension and the coefficient of friction between the belt and the 

pulleys. The speed at which the generator is driven depends upon the rotational speed of 

the turbine and the relative sizes of the pulleys. A well-designed belt can have an 

efficiency ofup to 97% and a poor one as low as 70%. 

Governors 

A governor is the device used to measure and regulate the speed of the turbine by 

either mechanical or electrical means. For example, ifthere is an increase in power 

demand, causing the turbine to slow down, the governor senses this and may open valves 

to admit more water, thus increasing the speed of the turbine to normal. Conversely, if 

there is a decrease in power demand, the turbine turns more rapidly and the governor 
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admits less water. With synchronous generators on isolated systems, the turbine runner 

speed is controlled either by controlling the water flow with wicket gates or by adjusting 

the electric load using passive resistors. In our case, an asynchronous generator 

connected to a large grid does not need any controller, because its frequency is controlled 

by the grid. 

The electrical equipment forming the load needs to be run at a very specific 

voltage and frequency or else it may become damaged. Thus there are tolerances for the 

attributes of the energy supplied. In general, the voltage must be stable within 5% of the 

demand and the frequency should be stable to within 2% of the design value. Heating 

loads are most tolerant of variations in supply and are not affected by changes in 

frequency at all. Voltage th\lt is too low prolongs the life of heating elements, but 

reduces the heat produced. Voltage that is higher than normal may cause heating 

equipment to bum out. Incandescent bulbs are also unaffected by changes in frequency. 

Similar to heating, over-voltage decreases bulb life and under voltage prolongs it, but 

decreases light output. Fluorescent lamps, on the other hand, are affected by fluctuations 

in both frequency and voltage. At a low enough voltage, the lamp may flicker, go out, or 

not turn on. Over-voltage also decreases lamp life, but not as drastically as in 

incandescent lights. 

As for induction motors, under-frequency and under-voltage may cause high 

currents and overheating. These may be run at frequencies up to 5-10% above nominal. 

If the motor is running a large load, low frequency for a long peri<?d of time may cause 

the windings of the motor to overheat and fail. Thus it is recommended that the voltage 

of the system should be matched within 7% of the rated value and that the frequency be 
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up to 5% above, but never below the rated value. In smaller systems, the fluctuations 

may exceed these limits when loads are being turned on or off, but this is acceptable as 

long as the change is very brief. 

Mechanical Governors 

Mechanical governors, invented in the 18th century, use mainly mechanical and 

hydraulic means of regulation and operate directly on various guide vanes to control the 

influx of water into the turbine. One type is a speed-sensitive controller, such as a ball

governor, which provides an initial stabilizing effect and then compensates as the speed 

returns to its nominal value. Another type, a combined speed-acceleration governor, uses 

a tachometer to assess the current speed and reduces it accordingly. 

The oil pressure governor is a type of mechanical governor that uses pressurized oil to 

drive a piston, which moves the flow-control mechanisms. This type is used mostly in 

larger hydropower projects, as its cost does not decrease with scale and require regular 

maintenance. Oil pressure governors are mainly used to move jet deflectors on Pelton 

and Turgo turbines and are not usually used with cross-flow or Francis turbines due to the 

greater forces required to control the total flow. Mechanical governors are generally well 

suited for. Variations in speed due to load variations decrease as the moment of inertia/ 

of the rotating turbine increases. Thus large power units with large /have mechanical 

control systems with long response times. However, with smaller systems, electronic 

control systems with shorter response times are necessary. 
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Electronic Load Controllers 

Another type of governor, the more recently developed electronic load controller, 

maintains a constant electrical load on a generator in spite of changing user loads. This 

eliminates the need for flow-regulating devices and the hydraulics involved. Thus the 

flow through the turbine is set at a constant value and the load controller ensures that a 

constant load is supplied by the generator. The turbine power output and its rotational 

speed are then constant. 

The electronic load controller stabilizes the generator's output by supplying a 

secondary 'ballast' .load that dissipates the excess power. The energy absorption is 

carried out by a number of passive resistors connected in parallel with the loads in such a 

way that they can vary continuously. In this case, the generator always supplies 

maximum power and the passive resistors dissipate the surplus energy as heat. For 

example, if the consumer decreases the load by turning off an appliance, the turbine and 

generator speed and frequency begin to increase. This change is sensed by the load 

controller, which adds a ballast load with enough resistance to dissipate power equivalent 

to that which was switched off. Thus the total load on the generator is constant 

regardless of a variable consumer load. 

Load controllers usually sense turbine speed by measuring the frequency of the 

voltage waveform. Thus the entire system in this case is simpler and less costly, as 

system frequency is kept at design value without the use of an intricate governor and the 

turbine design is simplified. For example, a typical oil pressure governor would cost ten 

times as much as a single-phase load controller on a comparable site. Besides, load 

controllers require little maintenance, as they contain no moving parts and usually come 
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with replacement circuit boards that can be easily installed. Furthermore, the energy 

consumed by the ballast load in the load controller system as is available as heat and can 

be harnessed, increasing the plant load factor and significantly decreasing the cost of the 

electricity generated. 

Normally, when a load controller is used, an automatic voltage regulator is 

required to ensure a steady voltage level when the consumer load changes. However, the 

recent popularity of induction generators in MHPS schemes has led to the development 

of an induction generator controller, which combines the functions of both the load 

controller and the automatic voltage regulator. 

Fault and Turbine Runaway 

If the system ever needs to be disconnected from the grid by the circuit breaker, 

the turbine accelerates up to runaway speed, endangering the generator and the speed 

increaser. The runaway speed of a turbine runner is the speed that the unit can 

theoretically attain at maximum hydraulic power when the electrical load has become 

disconnected. This may be 2 or 3 times the normal speed (Table ?). The cost of both 

generator and gearbox are larger when the runaway speed is higher, as they must be 

designed to withstand it. 

Turbine type 

Kaplan single regulated 
Kaplan double regulated 
Francis 
Pelton 
Cross-flow 
Turgo 

Normal speed n (rpm) Runaway speed nmax/n 

75-100 
75-1 50 

500 - 1500 
500-1 500 
60-1000 
600 -1000 

2.0 - 2 .4 
2.8 - 3.2 
1.8 -2.2 
1.8-2.0 
1.8-2.0 

2 

Table 4: Some normal turbine speeds and runaway speeds expressed as ratios 
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It is necessary in this situation to interrupt the water flow quickly enough to 

prevent the turbine accelerating but not so fast as to damage the penstock. The rotating 

components must have enough inertia in order to control the turbine speed, which may be 

provided by a flywheel on the turbine or generator shaft. When the disconnection occurs, 

the excess power accelerates the flywheel. This way, when the switch reconnects the 

load, the deceleration of the flywheel supplies additional power that helps to minimize 

speed variation. The following equation relates the torque and inertia of the rotating 

system: 

JdO. =T -T 
dt I L 

where J is the moment of inertia of the rotating components, n is ~ngular velocity of the 

rotating system, T1 is the turbine torque, and Tr is the torque due to the load. When T1 is 

equal to Tl, dQ/dt = 0 and Q is constant, so the system is stable. When T1 is greater or 

smaller than Tl, Q is not constant and the governor must match the turbine output to the 

generator load. 

Once the system is ready to start up again, the time required (in seconds) to 

accelerate the unit from zero rpm to operating speed is given by: 

J0.2 MR2n2 
T = --=---

m P 5086P 

where the rotating inertia J is replaced by the mass M (kg) of the rotating parts times the 

square of the radius of rotation R (m), Pis power in kW, and n is the turbine speed in 

rpm. The time needed (in seconds), on the other hand, to accelerate the water column 

from zero velocity to the operational velocity vis: 
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where h is the gross head across the turbine in meters, L is the length of the water column 

in meters, and vis the water velocity in m/s. As a rule of thumb, T ,,/Tw should be greater 

than 4 to ensure proper regulation. Realistically, the water should be started in less than 

2.5 sec. If it takes more time, the pipe must be modified somehow either by decreasing 

the velocity of the water or by decreasing the length of the pipe. Thus the possibility of 

adding a flywheel to the generator to increase the inertia rotating parts should be 

considered, as it would mitigate the waterhammer effect and decrease the runaway speed. 

Electrical Equipment 

Certain US regulations, such as those enacted under the Federal Power Act, 

require electric utilities to maintain the safety and quality of electricity supply within 

definite limits. An independent producer, such as an MHPS, must interconnect the 

facility with the grid and operate in a way that allows the utility to fulfill its obligations. 

Also, metering equipment must be installed at the point of interconnection to record how 

much power the consumer is using from the power station. The condition of the power 

station must be carefully and thoroughly monitored at all times through an automatic 

control system. With all the variations between MHPSs, the extent of automation that 

should be included is not standardized, but there are some general requirements. All 

equipment must be provided with manual controls and meters that are completely 

independent of the automatic control system for the purposes of the initial start up and 

maintenance procedures. The system must also include the necessary relays and devices 
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to detect malfunctioning of a serious nature, most of which may be automated and 

monitored remotely. Relevant operational data of the plant should be collected regularly, 

made available to those operating the plant, and stored in a database for later evaluation 

of plant performance. There should be a control system that intell.igently allows for 

unattended, automatic plant operation and that may be accessed from a remote location 

and plant operator must be able to override any automatic decisions made by this control 

system. Using a more sophisticated system, it is possible to anticipate faults before they 

occur and to take corrective action so that the fault does not occur. To monitor and 

control his plant, Harry Terbush at Windsor Machinery uses software called Kepware, 

which is no longer being sold, but can be provided by him since his company bought a 

license for it. He also uses a sophisticated human-machine interface involving touch 

screen technology and a built in web server so when it is connected to the network, it can 

be monitored form the Internet. It is recommended that Bard College request Terbush's 

assistance in setting up a similar system during the construction of the power station. 

For the safety and protection of both the utility grid system and the power 

station's equipment, certain electrical devices are required inside the powerhouse. One 

such device it the switchgear, which is the assembly of electrical disconnects meant to 

isolate equipment in an electrical power station. The switchgear is needed in order to 

control the generator, to regulate the grid connection, and to protect the generators, grid 

transformer, and power station transformer. It is usually located in a power control center 

along with other communication equipment allowing for the intelligent control of the 

power station. One part of the switchgear is the generator breaker, which is used to 

connect or disconnect the generator from the power grid. It acts as a switch that 
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interrupts the flow of power when more power is flowing through the circuit than the 

circuit is designed to handle. 

Another necessary device is a relay, which is an electrical device consisting of an 

electromagnet that opens or closes a switch when electricity starts. or stops. Relays are 

used to route current flow through different or additional circuits when voltage levels 

change, or to open circuits when voltage drops or exceeds given levels. Asynchronous 

generator protection must include, among other devices, a protection relay, which is 

designed to calculate operating conditions on an electrical circuit and trip circuit breakers 

when a fault is found. Protection relays respond to such conditions as over-current, over

voltage, reverse power flow, and over- and under-frequency. This device may be a 

complex electromechanical apparatus or a relatively precise, convenient, inexpensive 

microprocessor-based instrument precision (also called a numerical relay). The 

asynchronous generator must also have differential current relays, which respond to the · 

difference between incoming and outgoing current associated with the generator and 

protect against internal faults in the generator stator winding. 

A ground fault is any short circuit that results in an unintended connection 

between an energized ungrounded phase conductor and ground. Ground faults are the 

most common type of fault on power distribution systems. They result from the 

unintentional grounding of an ungrounded phase conductor or insulation failure. 

Unintentional grounding of a phase conductor can occur when a small animal enters a 

piece of equipment or when certain environmental factors degrade the conductor 

insulation. For a solidly grounded distribution system, a ground fault results in current 

flowing back to the source through the equipment grounding conductor, which includes 
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the metallic raceway enclosing the circuit conductors, separate equipment grounding 

conductor if installed, or both. In addition, the ground fault current can also flow back to 

the source through other paths, including grounded metal piping, structural steel, and the 

ground itself. The amount of ground fault current flowing through alternate paths outside 

the distribution system ground path will depend on the relative impedance between the 

distribution system ground return path and the alternate parallel paths. The ground fault 

relay (GFR) acts on the information provided by the ground fault sensor and can either be 

installed remotely from the sensors or located with the sensors. When the level of the 

ground fault current exceeds the preset value and persists longer than it's a specific time, 

the ground fault relay signals for the circuit to be broken. 

The system must also have an analogue-to-digital conversion module for 

measurement of water level, wicket-gate position, blade angles, instantaneous power 

output, temperatures, etc. It must also include a digital-to-analogue conversion module to 

drive hydraulic valves, chart recorders, etc. A counter module is necessary to count the 

generated kWh, precipitation, and flow and there must be a telemetry module to provide 

the interface for off-site communications via dial-up or wireless telephone and internet. 

This modular system approach is well suited to the widely varying requirements 

encountered in hydropower control, and permits both hardware and software to be 

standardized. Many manufacturers supply standardized data acquisition systems. 

It is essential that there be meters installed near the intake and downstream of the 

system in order to measure the headwater and tailwater respectively. The simplest way is 

to secure a board marked clearly with centimeter-wide dashes in the style of a leveling 

staff, but someone must be depended upon to observe and record the level readings. In 
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powerhouses with automatic control, it may be wiser to use transducers, such as flow 

sensors and depth sensors, connected to the computer via the data acquisition equipment. 

The sensor records the measurement and converts it into a signal that is transmitted to the 

processing unit. A level measurement cannot determine the level for the intake unless the 

measurement site had been selected in such a way that it represents the whole intake. 

According to the Bernoulli principle, flow variation always causes a difference in the 

water level. This means that if the measurement is taken at the inflow or outflow, it will 

not accurately reflect the water level in the system. The sensors should not be obstructed 

from the water and air should never accumulate within them. The best location for the 

sensor may be so that most of it is concealed inside a wall, but still accessible for 

operation and service. 

The electrical system, including powerhouse lighting and_ mechanical auxiliaries, 

may require 1 % to 3% of the plant capacity, the percentage being on the higher end for 

the smaller facilities. The service transformer must be designed to take these intermittent 

loads into account. If possible, two alternative supplies, with automatic changeover, 

should be used to ensure service in an unattended plant. 

Powerhouse and Tailrace 

The powerhouse protects the electromechanical equipment from weather 

conditions. The size and shape of the building are determined by the type, power, and 

configuration of the turbine-generator unit. In medium and high head schemes 

powerhouses with an entrance for the penstock and a tailrace are more conventional. 
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After passing through the turbine, the water returns to the river trough a short 

canal called a tailrace. Turbines can have relatively high exit velocities, so the tailrace 

should be designed to ensure that the powerhouse and the stream are protected. The 

design should also ensure that during relatively high flows the water in the tailrace does 

not rise so far that it interferes with the turbine runner. Like the intake, the tailrace 

should also have a screen over its opening so that fish, eels, and other aquatic life cannot 

enter the system and be injured or killed by the turbine runner blades. 
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Chapter 4: The Environmental Impacts of a 

Micro Hydroelectric Power Station 

Although micro hydropower is one of the most ecologically safe means of producing 

electricity, the construction and operation of an MHPS is not without environmental 

impacts. This 9hapter gives a brief description of the present environment at the Saw Kill 

and outlines the negative impacts that the proposed plant may have on the noise level, 

aesthetics, and wildlife, both aquatic and land-dwelling. Also provided here are some 

recommendations as to how to mitigate the impacts while maintaining optimal plant 

operating conditions. 

The Saw Kill Environment 

Figure 1: The mouth of the Saw Kill at South Bay 

The majestic Saw Kill 

Creek spans ninety-eight miles 

on the east side of the Hudson 

River eventually turning into a 

series of beautiful waterfalls 

alongside Bard College and 

Montgomery Place, and 

emptying out into South Bay of 

Tivoli Bays (Figure 1 ). The 

bedrock surrounding the Saw Kill Creek is composed of alternating layers of hard, blocky 

sandstone and weak, flaky shale, which is covered by clay and then by topsoil. A thick 

bed of more resistant sandstone underlies the waterfall. While the solid substrate makes 
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for a stable foundation for the dam, above-ground penstock pipe, and power house, 

digging even a foot into the ground, to install an in-ground penstock or transmission 

lines) would be very difficult work. The soil formed from creek silt is fine-textured, 

deep, heavy, rich in lime, and almost impervious to water and plant roots. This causes 

the flows and turbidity of the Saw Kill to respond quickly and drastically to heavy rain. 

Figure 2: The first falls presents a formidable challenge to 
migrating fish 

During and after a spring 

rainstorm, for example, the 

Saw Kill is a muddy 

torrent, in contrast to the 

late summer when one may 

easily walk across the 

trickling water of the 

cement dam. It is 

characteristic of smaller 

streams in the Northeast that seasonal high flows average 10 to 20 times greater than 

seasonal low flows, with an even greater range from extreme flood to extreme drought. 

At various times throughout post-European history, there were about a dozen 

milldams on the Saw Kill, which were built for sawmills (from which the Saw Kill 

derives its name), gristmills, and textile mills. Like most mid-Hudson tributaries, the 

dams were built wherever there was enough head and over time, they have created pools 

filled with silt and vegetation. At the turn of the 20th century, a water-powered chocolate 

factory was still operating on the creek just below Annandale. The ruins of this mill were 
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Figure 3: The second barrier is a better site for a fish pass 

used in the construction of 

a Bard faculty home. Two 

of the lowest dams on the 

Saw Kill impound the small 

cattail marsh just east of 

Annandale Road and the 

pond at the site. 

The first barrier from the 

mouth (Figure 2), which lies about 0.1 km upstream, is the 16-meter natural falls from 

which the MHPS will derive some of its energy. The construction of a fish passage 

facility here would be very difficult, as the falls are steep and the surrounding land is not 

conducive to ladder construction. Besides, only a very short stretch of stream would be 

available to fishes after passing this barrier. 

The second barrier is the 1.2 meters-high dam less than 0.1 km from the first falls and 

lies completely on Bard College property. The drainage area above this barrier is about 

26 m3
• It would be very easy to build a fish pass here since the barrier is low and the 

surrounding land has a gentle slope. Although very little spawning area exists upstream 

of this barrier, it may be worth the effort due to the presence of some rare species of 

migratory fish. As the construction of fish passes on both barriers would be expensive 

and would gain only about 100 meters of spawning area, it is recommended that if a 

fishpass is built, it is done so only at the second barrier (Figure 3). 

The Saw Kill, including its banks and silted ponds, is rich in animal life such as 

muskrat, tree swallow, ruby-throated hummingbird, spotted sandpiper, belted kingfisher, 
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water snake, painted turtle, snapping turtle, bullfrog, and green frog. Among the many 

species of fish are the American eel, largemouth bass, white sucker, brown bullhead, 

bluegill, and warmouth white perch, smelt, 

blacknose dace, fallfish, cutlips minnow, 

brown trout, tessellated darter and spottail 

shiner eggs and larvae. According to the 

catalogue written by Hudsonia Ltd. in 1996, 

a moderately large Herring run exists in the 

Saw Kill tributary and has been observed 

spawning in the tidal mouth of the creek, as 

well as in the non-tidal areas. Thus even 

migratory species have been found in the 

Figure 4: The future of the American 
Eel is being held in question 

Saw Kill Creek despite the dams that occupy it. The more rare fish species include the 

northern hogsucker. Also a rare species of snail called pomatiopsis lapidaria. There is 

also a rare species of plant on south side of the dam called the wiriged monkeyflower. 

The large snail vivipa_rus georgianus, a rare introduced species, is abundant in the local 

Saw Kill ponds. 

A true rarity in the Hudson Valley is the American Eel (Figure 4), a catadramous 

species that migrates from the river to the Sargasso Sea, an especially seaweed-filled 

section of the Atlantic Ocean, to reproduce. When the new eels return to the creek, they 

can actually slither up the falls to colonize the creek and ponds upstream and live there 

until reaching maturity. Unfortunately, the American Eel is close to being listed as an 

endangered species. 
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Christopher Uraneck was a senior at Bard College in 1999 and wrote his senior 

project about the water quality of the Saw Kill. From April 10, 1999 to April 19, 1999, 

he made samples on six sites along the Saw Kill creek, finding a total of 62 fish 

representing 8 species, including brook trout, white suckers, pumpkinseeds, creek chubs, 

fallfish, brown bullheads, tessellated darters, and a largemouth bass. The region closest 

to the dam is site 6, which is located between the second falls and the pond. In this 

region, there was one tessellated darter and one largemouth bass. To assess water 

quality, Uraneck used a metric called the Index of Biotic Integrity (IBI), which depends 

upon the species richness and composition, trophic composition, and fish abundance. 

Site 6 was given a poor IBI of 32, which means that while there were some fish, there 

weren't enough, they weren't in very good condition, and the population was dominated 

by omnivores. However, in December of 1998, at least 20 large fish were observed in the 

large pool directly upstream from the dam (downstream from site 6). Uraneck also 

observed several dead fish during this time, which he reasoned might have been the 

bycatch of sport fishermen. 

Since Uraneck's sampling was confined to the early spring when there are great 

variations in stream flow, the number of fish present may not have been representative. 

Also, his particular methods may not have yielded the most accurate results for the types 

of areas surveyed. IBI scores reported in 1991 by Hudsonia for the Saw Kill were 

generally much higher, but site 6 was still evaluated as poor. Also, a Hudsonia survey of 

the Saw Kill on May 22, 1995 revealed that there has been a recent decline in the water 

quality near the mouth of the Saw Kill, as reflected in the reduced populations within the 

microinvertibrae and fish communities. Hudsonia measured high fecal coliform counts, 
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due perhaps to cows, horses, and Bard students. These findings may have been due to 

effluent from the water and sewage treatment plants, as well as pesticides and fertilizers 

from agricultural and residential runoff. 

The Impacts 

Micro hydropower is one of the most ecologically sound sources of electric 

power. Thus harmful effects are small compared to the alternative~ but the project is not 

without impacts. Different interest groups perceive the environmental impact of a given 

development project in different ways. What some may view as benefits others may find 

to be more harmful than good. The Bard College MHPS must be built with due 

awareness to the sensitivity of the natural environment and to the interests of all 

interested parties. Before construction, there must be predictions and evaluations made 

about the potential effects of the installation on the environment, as well as methods for 

counteracting any possible damage. The impacts ofhydropower schemes are highly 

specific to the location of and technology used at the site. For example, a diversion 

scheme at high elevation in a sensitive ecosystem is more likely to cause environmental 

harm than a low-head scheme in an inhabited valley. The following is a brief description 

of the possible environmental impacts of a MHPS, some of may not be applicable to our 

specific project. 

Although the construction time of the site is brief in comparison to the life of the 

MHPS, the greatest impacts to the natural environment can be made during this time if 

the proper precautions are not taken. The impcl:cts generated by the construction of a dam 

and the creation of the adjoining reservoir include, in addition to the loss of ground and 
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the alteration of flow, the opening of construction roads, building of working platforms, 

excavation works, and blasting. Other impacts are the same as those caused by large

scale infrastructure building, the effects and mitigating measures of which are well 

known. Schemes making use of an existing dam do not generate as many unfavorable 

impacts since the measures for impact mitigation were incorporated when the dam was 

built. For instance, if Scheme A is decided upon, the reconstruction of the old 

powerhouse, the frame of which is still in place, will not have as great an environmental 

impact as an entirely new facility would have. 

The impacts generated by the on-site assembly and installation of water intakes, 

open canals, penstocks, tailraces, and other machinery include noise affecting wildlife, 

erosion due vegetation loss, higher water turbidity consequent to the excavation work, 

and downstream sediment deposition. To minimize the impacts, it is strongly 

recommended that the excavation work be carried out during the dry season and the 

disturbed ground restored as soon as possible. The restoration and reinforcement of creek 

bank vegetation that may have been damaged during construction will greatly reduce the 

amount of subsequent erosion. The ground should be revegetated with indigenous 

species, which are better adapted to the local conditions and are not likely to cause 

changes to the local ecosystem. Increased human activity, vehicle emissions, excavation 

dust, and high noise level during construction also contribute to the damage of the 

environment, especially when the site is located in sensitive areas. The environment 

nearby the planned site is not incredibly sensitive, as vehicles frequently traverse the 

access roads and visitors frequent the footpaths adjoining the Saw Kill. 
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It is also of great import that the developer avoids damaging archaeological and 

cultural objects during construction. This may be particularly critical in schemes with 

reservoirs, where valuable objects may be submerged. It is highly recommended that an 

archaeological investigation be carried out previous to construction. 

The impacts due to the operation of the installation described in the next few 

sections are less dramatic, but more long-term, and include noise pollution, fish mortality, 

and aesthetic appearance. 

Noise Pollution 

Noise pollution produced by the electromechanical and civil equipment may 

adversely affect the creatures and human visitors of the site. The allowable level of noise 

depends on the local population or on isolated houses near to the powerhouse, and also on 

the ambient noise. The vibrations and noise from the electromechanical equipment will 

probably produce a great deal of noise, which may inconvenience those who live or work 

near the river and may even drive away creatures living nearby, disturbing the natural 

habitat. 

The flow of water into the turbine produces noise over a wide band of frequencies 

related to the efficiency of the turbine and the water turbulence at the blades. There are 

also narrow-band frequencies that depend upon the rotational speed of the turbine. 

Differing pressures at various parts of the blades may cause similar types of noise, 

causing speed fluctuations at the outlet of the wheel. The gearbox may also make harsh 

noise in the 1000-2000 Hz band if any of the parts are loose due t<;> poor manufacture or 

installation. Noise from the generator may be mechanical, such as airflow in the fan or 
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movement in the bearings, or electromechanical, such as vibrations of the sator due to the 

magnetic field. In a well-built installation, the noise inside the powerhouse may be as 

low as 70 dBA, which can be made barely discernible from outside with some simple 

foam insulation in the powerhouse walls and roof. Parts of the powerhouse may even be 

supported by special rubber elements designed with spring constants giving maximum 

noise reduction. The powerhouse may be further insulated by soundproofing the doors, 

floating the floor on glass wool carpeting, and installing a false ceiling with noise

reducing features. 

The powerhouse's ventilation system is one of the most prevalent sources of noise 

pollution in a MHPS. Its purpose is to dehumidify the powerhouse to ensure the correct 

operation and maintenance of the equipment, to provide fresh air to anyone inside the 

powerhouse, and to remove heat generated by the various plant components. Installing 

silencers and fitting vibration-damping joints between fans and ventilation ducts may 

reduce noise due to the ventilation system. The turbine, a particularly noisy piece of 

equipment, may be quieted by including dynamic-balanced turbine rotating components, 

using strongly stiffened turbine and speed increaser casings to avoid resonance and 

vibrations, anchoring of the turbine in anti-shrinking concrete, and ballasting the turbine 

with large masses of concrete. 

Noise levels are usually set by zoning regulations and may be measured by the 

installation crew using standard noise meter techniques. Typically a noise is deemed a 

nuisance during the day if it is 5 dB A over the noise level existing before the addition of 

extra noise and during the night if it is 3 dBA above the background level. The tolerable 

noise level of a MHPS is about 50 dBA. 

118 



Visual Impact 

The successful integration of the MHPS into the landscape requires a careful 

examination of the shape and vegetation of the site. Special attention must also be paid 

to the various uses to which the land is put such as agriculture, industry, and leisure 

activities, and to the ways in which humans have already impacted the natural 

environment. The visibility of the site from certain locations to, such as roads, footpaths, 

and inhabited areas, must also be 

taken into account. With careful 

analysis of all these elements, the 

installation should result in an 

environment with as much beauty 

and integrity as that which existed 

before the power station. Figure 5: Can you find .the hydro station? 

The visual quality of the site is important to those who work nearby at the Field 

Station, to those who know and love the foot paths, and to visitors new to the site, both at 

Bard College and at Montgomery Place where people come regularly during the warmer 

months. The requirement to protect the aesthetic appearance is p<\fticularly strong for 

schemes located in an area with remarkable historical character such as Montgomery 

Place. Frequently there will be public comments and legal challenges to those qevelopers 

seeking to change the landscape by developing a hydropower facility. Every component 

of a hydro scheme - powerhouse, weir, spillway, penstock, intake, tailrace, substation, 

and transmission lines - may change the appearance of the site by introducing forms, 
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lines, and colors not usually found in a natural setting. The design, location, and 

appearance of each aspect may influence the level of the community's acceptance for the 

entire scheme. 

Most of these components may be screened from view through intelligent 

landscaping. Those structures still exposed may be painted in non-reflecting colors that 

will blend with or complement the landscape. With some creativity, the installation may 

achieve an acceptable appearance with little effect on the total budget. Smaller 

components such as the fishpass and the intake grill integrate well without too much 

trouble ifthere is enough vegetation to cover them. The penstock, on the other hand, can 

look like an unsightly gash across the face of the land and it is therefore important to 

consider which path the pipe should take to be most hidden from view. If possible the 

pipe should be passed between shrubs, tall grasses, and large stones, and may be painted 

a suitable color where it is exposed so as to minimize its contrast with the surroundings. 

The penstock should be buried if possible so it does not form a ba~rier to the passage of 

wild life, which is exactly what is to be done if Scheme B goes into effect. For Scheme 

A, on the other hand, the existing steel pipe conveys historic beauty and it is important 

that it is kept looking the same way that it looks now and any changes that are made to its 

appearance should be done so with sound historic knowledge of tl)e site and in an effort 

to recreate the original appearance. 

Perhaps the most unsightly aspect of the project is the powerhouse, which, along 

with the penstock tailrace and transmission lines, must be inserted into the landscape with 

care. Aboveground transmission lines ultimately have a negative impact on the aesthetics 

of the site and should be extended underground for as long as possible. Should the wires 
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need to be above ground, attention must be given to the material, color, and shape of the 

supporting poles. In very rural areas, transmission lines easily dominate the landscape 

and damage the beauty of the vicinity. However, every populated area near a grid system 

is bound to have transmission lines even without hydropower schemes. The Saw Kill site 

has a mixture of natural beauty and proximity to human activities, so it is possible that 

with a careful design, the impact can be mitigated. Both schemes should be carefully 

designed to shroud their components in a way that convinces the public, members of the 

Bard College and Montgomery Place communities, and environmental authorities of its 

relative harmlessness. The granting of a building permit may depend upon such aesthetic 

precautions. 

Peaking 

Some micro hydropower projects involve reservoirs, the operation of which is called 

'peaking', which inflicts more environmental damage than the typical run-of-the-river 

scheme. Where the stream does not provide enough flow during maximum demand, 

peaking stores water so that demand may be met. Although our demand and supply 

curves are not perfectly aligned, it is not necessary to perform peaking for the Saw Kill 

MHPS project and in order to avoid the environmental consequences, this project will not 

involve a reservoir. Reservoirs encourage silting of the creek bed and putrid 

fermentation, called eutrophication, which reduces the availability of dissolved oxygen. 

This leads to a reduction in the river's ability to cleanse itself of any pollutants released 

into it. This can also increase the population of nutritive plankton, which in tum 
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enhances the fish population. Reservoirs may also endanger downstream life by 

withholding too much water, especially in low-flow situations. 

Biological Impact 

The water in the creek provides aquatic life with all of its needs, such as oxygen, 

favorable temperatures, resting places, nourishment, movement, and removal of wastes. 

If there are disturbances in the water's flow pattern or water quality, the inhabitants will 

be affected in ways that the species may or may not be able to endure. Every human 

action surrounding the creek is liable to affect the water quality and flow, but with firm 

knowledge of the basin and analysis of the actions, these effects may be minimized. The 

flora and fauna dependent on these water conditions may be able to adapt to even 

dramatic disturbances. Many species have built up resistances to chemical pollution 

through a process called mithridatism, which is the immunity to a poison acquired by 

taking gradually larger doses of it. Many more species have survived the large number of 

watermills that line the creek. Despite these amazing feats of adaptation, the ecosystem 

is a delicately balanced, incredibly complex system and any intrusion upon it may have 

unforeseen effects. Thus it is the responsibility of Bard College and other involved 

parties to reduce the natural impact to as great an extent as possible. 

Fish, plants, and other life are distributed along the basin according to 

biochemical and physiological criteria that have been established over thousands of years, 

allowing for the best survival conditions to be met. Knowledge of these criteria is needed 

in order to identify which species would be affected by the installation. There are five 

zones, or biotopes, in a river environment starting from the source where the water is 
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colder and more rapid and ending at an estuary where the water is.warmer, slow-moving, 

and saltier. Some species can live in any of these environments, while other species can 

only be found in one distinct biotope. This project occurs in the last two biotopes, the 

Bream zone and the Flounder zone, and will affect the species specific to these areas, 

which are characterized my moderately oxygenized water, spawning, young fish, 

carnivorous white fish, and fish with high, flattened bodies. 
I 

In the case of a MHPS, there will be effects both upstream and downstream. The 

dam will create a rise in the water table upstream and may even cause flooding without 

sufficient drainage. The dam may also increase the surface area of the water upstream, 

increasing the amount of water evaporated. The extent of these impacts can be evaluated 

from the estimated changes in volume, area, and depth experienced by the creek upon the 

formation of the reservoir behind the dam. However, as the dam in our case has already 

been constructed, it is unnecessary to include these impacts in the ·study. Most likely, the 

stream ecosystem has already adapted to the artificial conditions created by the dam. 

Removal of the dam would release silt that has built up over decades and is probably 

saturated with toxicants. Downstream of the intake, the water flow is composed of 

ground water and water that did not pass through the pipe. Over this section, the 

repercussions due to the reduction in flow must be evaluated. 

The section of the aquatic life below the tailrace outlet may be harmed if the 

water exiting the tailrace is at higher than atmospheric pressure, which would be the case 

if a reaction turbine were being used. However the cross-flow turbine releases water at 

nearly atmospheric pressure and so this is also of no concern. Also, in both schemes, the 

water will exit into a small branch of the creek rather than into the main portion so that 
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the degree of disturbance to creek life is lessened. In addition, this portion of the 

watercourse may be effected if some of the water has not been returned to the creek. As 

the water is not being used for drinking or irrigation, the water table both above and 

below the system will be unaffected and it is only the reduction of stream flow along the 

length of the pipe that must be considered. 

As of now, the penstock pipe valve is closed, but opening the valve for operation 

of the plant may cause some environmental damage. The reduced flow between the 

intake and the tailrace downstream of the powerhouse due to the operation of the MHPS 

may affect spawning, incubation, living space, the rearing of, and the passage of fish. In 

the stretch of water bypassed by the installation, floodwater arriving after a low-flow 

period may temporarily strip the creek's bed of its organisms. This is called virtual 

sterilization. Also, the invertebrate life that constitutes a large part of the food supply may 

experience enough disruption to force certain species to move its habitat or to die. Then 

again, there may be benefits to the changing water tables. Artificially created biotopes 

may act as roosting spots for displaced birds and refuges for baby fish. It is most 

probable, however, that any significant reduction of flow over an area of the creek will 

impact the creek negatively. 

One way to mitigate the adverse affects is to define a minimum amount of flow that 

must be allowed to bypass the pipe at all times during operation of the plant. This, called 

the reserved flow, is defined and imposed by DEC regulations and should be adhered to. 

Reserved flow is normally based upon a give-and-take evaluation 'requiring a good 

knowledge of flow patterns, biological factors, and water uses. Generally the reserved 

flow is somewhere around the minimum summer flow, which is about 0.08 ems. The 
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determination by national law of the reserved flow value is critical for the development of 

a site, as too large a residual flow can make a project economically unfeasible. The 

regulatory committee should ensure that the regulations are followed, necessitating the 

installation of a flow meter into the creek immediately below the intake. 

In the U.S.A., there are two classes of methods for determining the reserved flow. 

The first uses hydrological methods based upon the analysis of the flow pattern for the 

particular stream. This includes using a certain percentile of the long-term average flow 

or the flow equaled or exceeded a certain number of days per year. One of the most 

popular methods for determining the reserved flow today is the Physical Habitat 

Simulation Model (PHABSIM), a one-dimensional hydraulic model that requires vast 

numbers of empirical data that must be collected along large transects of the stream. Thus 

PHABSIM is expensive and often non-transferable to other streams. The second class 

includes methods based on scientific data concerning hydrological and biological 

parameters. This includes habitat analysis, measuring the wetted perimeter, surveying the 

microhabitats, and many others. 

While methods in the first group are simple and user friendly, they are not 

supported by scientific criterion and are consequently arbitrary. On the other hand, most 

of the hydro-biologic methods are based in the knowledge of the physical structure of the 

river and are thus better suited to benefit the stream. If a biologic method is 

implemented, it is possible to decrease the level of the required reserved flow, by 

growing trees on the banks of the stream, depositing gravel in the streambed to improve 

the streambed, or planting more shrubs along the banks to fight erosion. Vegetation close 

to the water, for example, provides shadow coverage for fish to prevent overheating or to 
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hide from terrestrial predators. All these elements enhance the fishes' ability to survive 

and lessen the need for as much water so that more may be used in energy production. 

In the case of the Saw Kill MHPS, the amount of water that is to be diverted is 

such a miniscule fraction of the total flow that the difference in the water margin due to 

the operation of the plant will be unnoticeable to both land and water life_. As a 

comparison, up to 130,000 gallons per day are treated in Bard's Water Plant for virtually 

all water use in the college community, the intake for which is just upstream of the 

cement weir. In a conversation with the plant operator Mark Rice, I learned that the 

amount of water diverted for the plant is insignificant in comparison to the millions of 

gallons of water that flow every day through the creek. Thus the ~ater to be left in the 

creek during the operation of the MHPS will be well above the reserved flow value as 

reached by any method, hydraulic or hydro-biologic. 

Upstream Fishpasses 

Another countermeasure that should be taken against adverse biological impacts 

is the installation of a fishpass so that migratory fish may negotiate the dam in either 

direction. Anadromous fish, which spawn in fresh water and live their adult lives in the 

ocean, and catadromous fish, which spawn in the ocean and mature in fresh water, both 

need access to their spawning grounds. Some fish-passes require the fish to swim up or 

down a ramp while others consist of pools of varying heights, allowing the fish to rest 

along the way. The fish-passes must fulfill certain technical and economic conditions. 

For example, every migratory species in the creek should be able to use the fish-pass 

successfully, meaning the access and flow rates along the pass should be suitable whether 
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the fish are swimming or jumping. There needs to be maintenance of the pass to make 

sure that there are no solid debris blocking the way. Also, the cost of the fish-pass should 

be compatible with the overall cost of the project and the amount of energy produced. 

One concern of hydropower plant operators and many others is the level of fish 

mortality due to entrainment of fish in the penstock or in the turbine, or by impingement 

on the intake screen. The runner blades may cause wounds, ranging from grazes to 

decapitation, and the pressure change from the penstock to the partial vacuum of the 

turbine may result in internal hemorrhaging, eyes popping out, "the bends" and swim

bladder implosion. The survival of turbine-passed fish depends greatly on characteristics 

of both the hydropower plant such as the type and size of the turbine, its mode of 

operation, and characteristics of the entrained fish (species, size, physiological condition). 

The statement of environmental impact as required by SEQR must include details about 

the expected changes in water flow patterns, aquatic ecosystem, landscape, and existing 

noise levels. It must also include the measures that will be taken to minimize the damage 

done to the environment and why it is completely necessary to build on that particular 

site. 
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There are a variety of 

fishpasses available, each 

suited towards specific 

species of fish, environments, 

and whether the movement is 

upstream or downstream. 

Upstream fishpasses are well 

developed and understood for Figure 6: A pool type flshpass works well for some species 

particular anadromous species such as salmon. A fishpass may be successfully built only 

if there is clear communication between engineers and ecologists,.and if the site 

characteristics are known. Upstream passage failure is usually due to poor operation and 

maintenance of the facilities. 

Fish ladders, fish elevators, pumps, or transportation operations can provide 

passage upstream. Which method is most appropriate is determined by the size of the site, 

they type of species needing passage, and economics. Pumps can lead to injury and de

scaling as a result of crowding in the bypass pipe and are strongly recommended against. 

The transportation types are economically feasible only with high dams and are not often 

employed in micro hydropower schemes. Fish ladders may accommodate bottom 

swimmers, surface swimmers, or fish that swim in crevices. For fish that will not use 

ladders, fish elevators are the preferred alternative. The most popular fishpass is the weir 

and pool type, in which water flows over a rectangular weir and into a series of pools 

(Figure 6). The pools both provide rest areas for the fish and dissipate the energy of the 

descending water. The size and height of the pools must be designed with the type and 
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size of the fish in mind. Baffles with slots may support the pools, so that both fish may 

pass through them. One restriction to this method is that when the headwater fluctuates, 

Figure 7: The Deni! fishpass 

the fishpass may receive too much or 

too little flow. Moreover this type of 

ladder does not readily pass the 

sediment from near the streambed and 

must be designed with slots in the 

bottom for this purpose. 

Another popular option is the 

vertically slotted fishpass in which 

both the fish and the sediment pass through the baffles. This type is hydraulically stable 

even with large flow variations. The Denil (Figure 7) fishpass consists of fairly steep, 

narrow chutes with vanes in the bottom and sides that dissipate the water's kinetic 

energy, providing a low-velocity flow through which the fish can travel with ease. Denils 

may be used with high inclines, 

are more tolerant of water 

depths and they produce a 

turbulent discharge that helps 

to lure fish species better than 

the pool type fishpasses. It is 

suggested that the fishpass 

include resting areas at least 

ma)(, water le\/$ I 

Io 
min, water level 

Figure 8: The Borland lock 

every two vertical meters. One relatively cheap solution for a medium dam is the Borland 
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lock (Figure 8). The fish climb a short ladder near the tailrace into a chamber leading 

into an inclined pipe. The chamber is then closed and the pipe slowly filled with water so 

that the fish are carried upwards to the level of the dam. Once filled, the fish that are 

attracted by this flow swim towards the exit. 

For whichever type of fish-pass is used, it is necessary that the fish are somehow 

attracted to the entrance. Fish tend to swim upstream following the strongest current, 

which in a MHPS is created by the turbine and fish may be lead irito danger. Thus it is 

important to divert enough water onto the fish-pass so that some turbulence is created and 

the fish are attracted to it. Migratory fish may be attracted into the lower end of the 

fishpass by currents that are strong enough to compete with the turbulence of spillways 

and tailraces, but not so strong as to injure or kill the fish. Insufficient attraction flow 

may delay migration by confusing the fish, which are probably rummaging around for the 

entrance. The water is usually taken from the intake and directed down the fishpass, but 

water may also be pumped into the fishpass from the tailwater if there is not enough flow. 

The upstream outlet of the fishpass should be located far from the spillway, where there 

is little danger of being sent back to the base of the dam, and should be far from 

circulating waters where the fish can get trapped. 

Downstream Fishpasses 

Downstream migrating fish that pass through that turbine have a mortality rate 

that goes from a few percent to more than 40%, depending on the turbine type and runner 

speed. In a Francis turbine, for instance, increasing the runner speed from 12 m/sec to 30 

m/sec increases the percentage mortality from 5% to 35%. Bulb turbines have an average 
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mortality rate of less than 5%, while almost all the fish that are caught in a Pelton are 

killed. Different heads, on the other hand, seem to produce the same mortality. One 

significant factor in the mortality rate is the elevation of the runner above tail water, as the 

same phenomenon that causes cavitation may lead to fish-kill. The main sources of fish 

mortality are mechanical injuries by collision with the guide vanes or turbine blades, 

exposure to extremely low pressures, and shear forces at the intersections of high velocity 

flows in opposite directions. 

Intake screens are most often used to protect fish from the turbine intake channels, 

but these screens are expensive and difficult to maintain. Consideration must be given to 

the approach velocity to the screen, which should be around 1.4 m/s, adequate lateral 

flow to carry fish and debris past the screen, and ways to clean the screen continuously or 

periodically to ensure uniform velocity. The main issue at hand is providing a means for 

fish to depart from the screen towards safety. One of the more simple solutions is a 

screen made of a punched steel sheet placed behind the trashrack at the entrance to the 

penstock. To prevent clogging, it is best to incline the screen to the flow and to shape the 

screen so that its slope allows fish to slide down the screen and into a tro'ugh, while most 

of the water flows through the screen. While this design is efficient at self-cleaning, in 

some installations the screen is cleaned by a brush, driven by a cable and pulley 

mechanism and powered continuously by a reversible motor. The screen can also be 

formed of stainless steel wire or with synthetic monofilament. 
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Figure 9: An innovative intake screen using the 
Coanda Effect 

Screens exposed to high water 

velocities must have larger surface 

areas to be effective, so they are 

difficult to install. Fortunately, the 

speed of the intake water in the pond 

at the Saw Kill is such that a 

relatively small screen may be 

installed. A recent innovation has 

produced a self-cleaning intake screens that does not need power to operate. The screen 

(Figure 9) uses the Coanda effect, the tendency of a fluid flow to stay attached to a 

curved surface placed in its path rather than follow a straight line in its original direction. 

The wire of this screen has v-shaped cross-sections that are tilted on the support rods in 

such a way that the water flows to the turbine through the screen slots, which are 

normally 1 mm wide. Ninety per cent of the suspended solid particles and aquatic life 

pass over the screen and safely away from the turbine. In addition, the smooth surface of 

the stainless steel screen provides an excellent passageway to a fish bypass. A 

disadvantage of this type of screen is that it requires about 1 to 1.20 meters of head in 

order to pass the water over the concave surface of the screen and.down into the 

collection system. 

Other methods for preventing fish entrainment include electrical guidance 

systems such as strobe lights for repelling fish, mercury lights for attracting fish, and a 

sound generating device called a 'hammer' for repelling fish. However, these guidance 

techniques are site- and species-specific and have not been proven to be reliable. Typical 
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efficiencies for this type of barrier range from 50% to 90% and most fish that pass the 

barrier are likely to enter the turbine where they are injured or killed. 

For returning fish from the bypass entrance to the river, fully closed conduits or 

open channels can be used. Open channels are best, as fish do not -like to enter conduits 

with abrupt contrast in lighting. Internal surfaces should be very smooth to avoid fish 

injury, so polyethylene and uPVC are excellent materials for bypass conduits. Abrupt 

changes in the cross-section should be avoided due to the resulting turbulence and 

pressure changes. Air entrainment and sub-atmospheric pressures in a full-flow conduit 

may be detrimental to the fish. Also, the conduit discharge velocity should be close 

enough to the creek's ambient velocity to minimize the sheer forces experienced by 

the fish during its exit from the pipe. A velocity close to 0.8 m/sec is recommended. 

Reccommendations 

In conclusion, an objective analysis should not depict a MHPS as neither a 

calamity nor as completely without impacts. Rather the degree of impact should be 

carefully examined and related to the type and size of the project, the size, flow, and life 

within the creek, and the economic context governing the current and potential uses of 

the water. From my conversations in person and by e-mail with Catherine O'Reily and 

Robert Schmidt concerning the building of a fishpass, I have learned that they are in the 

process of testing out a prototype fishpass to see how many fish are able to climb it. 

They are particularly concerned about the nearly-endangered American Eel and seek to 

build a fishpass most suited to the eels, as well as to the populous herring and any other 
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migratory fish they may find. They have been consulting with the DEC and foresee the 

fishpass being built in the near future. 

It is particularly easy for American Eels to enter the intake or the tailrace and to 

protect this nearly endangered species there should be grills over both of these orifices 

that are small enough so as to prevent their entry. The eels can be incredibly slender 

(Figure 10), only millimeters wide, so it is important that the intake holes be as small as 

possible. 

One strong recommendation that I have gotten from both Catherine and Erik 

Kiviat is not to bury the lines under the Saw Kill, as the creek at towards the mouth is a 

delicate environment, home to many of the younger and more rare creatures of the creek. 

They recommend that, if possible, the transmission lines should be run along the pipe 

towards the dam, across the creek along the dam, and back down the hill to the field 

station. This seems reasonable enough since the lines would have to run uphill anyhow 

to be attached to the sewage treatment plant, the recipient of the excess power. While 

Figure 10: A very young American Eel 

this route is a more circuitous, the possible 

environmental costs by far outweigh the 

extra transmission line costs. Finally, all the 

necessary precautions usually taken in the 

building and operation of a MHPS as 

delineated in this chapter should be followed 

to the greatest extent possible. 
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Chapter 5: The Legal Aspects of a Micro Hydropower Project 

The most difficult, time-consuming portion of the process _of building a MHPS is 

by far the acquisition of licenses and permits. Whether environmental or concerning the 

local utility, certain measures that must be taken if the power station is going to be built 

in agreement with the local and regional authorities. Before proceeding with the 

installation of the hydroelectric facility, Bard College must notify.the following parties 

and fill out the proper paperwork: 

• DEC (Department of Environmental Conservation) 

• FERC (Federal Energy Regulatory Commission) 

• DPS (Department of Public Service) 

• Central Hudson Gas and Electric Corporation 

• Town of Red Hook Zoning Board 

• Town of Red Hook Planning Board 

This chapter describes in some detail the concerned parties and what guidelines they have 

laid out for the developer of a MHPS to follow, as well as a couple of important federal 

regulations pertaining to these agencies in this context. The more important documents, 

such as applications and some more detailed descriptions of the conditions under which 

the power station may be built, are included in the appendices. 

Before any aspect of the project is carried out, the developer must be familiar with 

the property boundaries and property rights. It is typical for riparian rights to be divided 

down the middle of the river or stream in question. According to maps at the 

Poughkeepsie law office that handles Bard's legal matters, this is the case. However, 

since the land was purchased, the middle of the stream has shifted in places. At the dam, 
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built decades ago by General Delafield, the line is still in the center. It would be within 

the legal rights of Bard College to install the necessary machinery to generate power at 

the site as long as it is all located on Bard's side of the stream and·Bard's water use does 

not harm the potential water use of those downstream. It would also be possible for Bard 

College to form a mutually beneficial partnership with Montgomery Place under certain 

agreed upon conditions. I have over the past few months met on many occasions with the 

Director of Preservation, Geof Carter, who has expressed his enthusiasm about the 

project and has affirmed the possibility that Montgomery Place as a whole may be 

interested in supporting the building of the MHPS on its side of the Saw Kill . 

SEQR 

The New York State Environmental Quality Review Act (SEQR) requires that all 

state and local government agencies regard environmental, social, and economic factors 

equally when deciding whether to approve an action for which they have the authority to 

approve, fund, or directly undertake. This includes the approval or direct development of 

physical projects such as shopping centers, residential developments, roads, dredging, 

and, of course, the construction of micro hydropower stations. 

If a project is determined not to have significant adverse environmental impacts, it is 

necessary that a "Determination ofNonsignificance" be written. If, however, a project is 

determined to have potentially significant adverse environmental impacts, an 

"Environmental Impact Statement" is required. The purpose of the EIS is to examine 

ways to avoid or reduce adverse environmental impacts related to the project, including 

an analysis of the possible alternatives to that particular project. An EIS must include: 
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• A project description, including why it is needed and how it will provide benefits 

• A description of the site 

• An analysis of all environmental impacts related to the project 

• An analysis of reasonable alternatives to the project 

Below is a flow chart showing the necessary steps during the SEQR process. The SEQR 

process also encourages communication among government agencies, project sponsors 

and the general public. The law was implemented by regulations which were fully 

effective on November 1, 1978 and revised effective June 1, 1987 and January 1, 1996. 
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Figure 1: A flow chart that may be helpful when finding one's way along the SEQR path 
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PURPA 

The Public Utilities Regulatory Policies Act (PURPA) was passed as part of the National 

Energy Act in 1978 during the energy crises 1• It was intended to encourage more energy

efficient and environmentally friendly commercial energy production through the 

development of alternative power supplies, reduce the US dependence on foreign oil, and 

diversify the power industry. PURP A defined a new class of energy producer called a 

qualifying facility (QF), which is an independent producer of energy for its own use, to 

sell to other consumers, or as a byproduct of unrelated activities. When a QF meets the 

Federal Energy Regulatory Commission's (FERC) requirements for ownership, size, and 

efficiency, utility companies are required to purchase energy from these facilities based 

on a pricing structure referred to as "avoided cost rates". These rates equal the costs the 

electric utility would incur were it to generate the power or purchase it from another 

source. Generally, this is considered to be the fuel costs incurred in the operation of a 

traditional power plant. A voided cost rates tend to be highly favorable to the producer, 

and are intended to encourage more production of renewable energy. 

Since PURP A was implemented, oil prices have declined and supplies of natural 

gas have increased, reducing the cost of electricity. Many independent power producers 

who signed contracts when oil was scarce did so with sellback pri~es that are higher than 

current market prices. Some claim that it is unfair to make utilities stick to the bargain 

and they blame independents for high power prices. However, many of the environmental 

and health benefits of renewables are not included in the price, but PURP A makes no 

1 PURPA appears in US code in TitJe 16 - Conservation, Chapter 12 - Federal Regulation 
and Development of Power, Subchapter II . 
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provision for including these. FERC allows only financial factors to be included in 

PURP A decisions. 

Due to current low avoided costs, more recent PURP A contracts are less popular 

and few renewables are able to compete with the utility companies. Technically, PURP A 

only calls for renewable energy if it is cost competitive with conventional polluting 

resources. Also, the energy market has become more competitive since the Energy 

Policy Act of 1992 was passed, encouraging wholesale power competition. More 

recently, the Federal Energy Regulatory Commission (FERC) opened up transmission 

lines to all generators equally, but utilities are still able to generate wholesale power and 

compete unfairly with independents. Moreover, many long-term PURP A contracts have 

already expired and, as they continue to do so, many renewable power generators are 

going out of business. 

FERC 

The Federal Energy Regulatory Commission (FERC) was created as 

part of reorganization of the US Department of Energy in 1977. 

This five-member agency is responsible for overseeing the 

wholesale energy market in the US and regulating the prices, terms 

and conditions for the sale of energy between states and regions. FERC also presides 

over interstate trade in natural gas and management and operation of oil pipelines. 

FERC also inspects and licenses hydroelectric facilities and enforces the Federal 

Power Act of 1935, the primary federal legislation governing the ~lectric energy industry 

in the US. Thus all power stations developed by private parties must apply for a FERC 
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license. However, an exemption may be made for small hydroelectric power projects 

under 5 MW or less. Although our planned facility falls under this category, an 

application process form must still be undergone in order to file for the exemption. 

Below is a summary of the terms of applicability and the application process as stated in 

the Code of Federal Regulations: Title 18- Conservation of Power and Water Resources, 

chapter 1, part 4. Subpart K section 4.101 to 4.108 and Subpart D section 4.30 to 4.39. 

According to section 4.31 (b )(2), any citizens with full property rights to the 

proposed area of development may apply for exemption of the proposed facility from 

licensing under Part I of the Federal Power Act. Section 4.103 also states that FERC may 

exempt any small hydroelectric power project on a case-by-case basis from all or Part I of 

the Federal Power Act, including licensing requirements. Once the exemption has been 

applied for, FERC will circulate a notice of application to all interested parties. During 

the application process, the applicant may petition for waiver of any of the specifications 

stated in sections 4.102 to 4.107, which will be granted only if it is consistent with 

section 408 of the Energy Security Act. 

FERC may prescribe non-standard terms and conditions to the applicant in order 

to protect the quality and quantity of the water supply, conserve wildlife, and utilize the 

water resources in the public interest. One the exemption is approved, the exemption 

holder must proceed with the project as delineated in the application that was approved 

by FERC. If the developer wishes to change an aspect of the building project, the 

appropriate Federal and state fish and wildlife agencies to seek approval. If the agency 

determines that the changes would not violate the original agreements, the developer may 

proceed with the alterations. If, however, the agency decides that the changes would 
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violate the original terms and conditions, the developer must gain authorization to amend 

the exemption. 

Any such exemption is subject to certain terms and conditions as summarized 

here and stated in greater detail in section 4.106. FERC reserves the right to conduct 

investigations regarding any matters related to the construction, operation, or 

maintenance of the project and may revoke the exemption if there are any violations of 

the agreed conditions. The project must also adhere to the terms set by any Federal or 

state fish and wildlife agencies have deemed necessary to protect the ecosystem. FERC 

may revoke the exemption if the building project has not commenced within two years or 

finished within four years of the issue. The exemption does not i~clude the right to use 

federal land in the construction or operation of the project. FERC may revoke the 

exemption also ifthere were found to be inaccuracies or falsehoods stated in the 

application form. If there is any transfer of property in the future, the holder of the 

exemption must inform the transferee of the terms and conditions .of the exemption. 

Among other things, the application for exemption must contain an introductory 

statement, the application fee, a proof of ownership of the property, and a statement of all 

Native American tribes that may be affected. The format for the introductory statement 

can be found in section 4.107 (see Appendix B). 

Another requirement, Exhibit A, must describe the hydroelectric project and its 

proposed mode of operation. This must include a full written description of any existing 

or proposed project works, structures, and generating units. It must also include a 

description of how the plant will be operated and maintained, a flow duration curve, and 

estimations of the average annual generation, average design head, hydraulic capacity of 
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each turbine in cubic feet per second, a full description of any man-made dams, the 

beginning and completion dates for the construction of the project, and a description of 

any dam modification that would occur. Another necessary component of the application 

is a map of the project and boundaries called Exhibit G. The application must also 

include an environmental report called Exhibit E. This must describe the environmental 

setting of the project, including the vegetation, wildlife, water quality, water uses, 

historical significance, and archaeological resources, in great detail. This also would 

include an account of the expected environmental impacts from the construction and 

operation of the proposed project on these same areas. Lastly, there must be an Exhibit 

F, which is a set of technical drawings of the structures and equipment of the project. 

Subpart D, section 4.30 provides a list of definitions for terms that appear later in 

that subpart. Subpart D also includes extensive information on the acceptance for filing 

or rejection, limitations on submitting applications, hearings and consultations on 

applications, and specification for maps and drawings. 

Interconnection Requirements and Application 
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The Department of Public Service (DPS) requires 

certain conditions to be met in the interconnection of new 

distributed generation facilities with a production capacity of 2 

MW or less. They must also review any modifications 

affecting the point of common coupling. (PCC) to such 

facilities that have been interconnected to the utility distribution system and where a 

contract between the applicant and the utility is already in place. (The PCC is the point at 
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CESIR, the applicant must provide a complete detailed interconnection design package 

and contact information for those responsible for technical issues. The CESIR will 

consist of a review of the impacts to the utility system and a review of the proposed 

system's compliance with the applicable criteria delineated in the application information 

online. 

Upon completion of the CESIR, the utility will provide the applicant with utility 

system impacts, notification on whether the project meets the criteria, and, if it doesn't, 

. how the project could be changed so that it is acceptable. If the project does fall within 

guidelines, the utility will provide the applicant with the total cost of completion of the 

interconnection of the proposed system. If the applicant agrees to the changes (if any) and 

cost, the applicant will sign a contract for interconnection and provide the utility with an 

advance payment for the utility's estimated costs. Next the applicant will build the 

facility in accordance with the utility-accepted design and the utility will perform tests to 

verify whether it is in accordance with the agreements. Upon satisfactory completion of 

the tests, the facility will be allowed to connect in parallel with the grid. 

A full description of the application process and technical requir~ments are on the 

DPS website, as cited at the end of this chapter, and are to be reviewed by the energy 

consulting company and engineering firm in charge of the installation. A copy of the 

standardized state contract, interconnection requirements, and the application materials 

for equipment of 2 MW or less be located in Appendix C. Utility-grade relays that do not 

need to be certified by the DPS are listed at www.dps.state.ny.us/SIRDevices.PDF. 
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which the interconnection between the electric utility and the customer interface occurs. 

Typically, this is the customer side of the utility revenue meter.) 

In order to assure that the conditions are met, new power stations must apply for a 

'grid intertie' with the local utility, which in our case is Central Hudson Gas and Electric. 

The time required to complete the application process will depend upon the complexity 

of the proposed project. The application must include complete design packages 

necessary for the verification of the electrical characteristics of the generator systems, the 

interconnecting facilities, and the impacts of the applicant's equipment on the utility's 

systems. The utility is required to clearly identify its costs related to the applicant's 

interconnections, specifically those costs incurred solely due to the interconnection, while 

the applicant is responsible for payment of the utility's costs. The PSC will monitor the 

application process, meeting periodically with representatives from both parties, to ensure 

that everything goes smoothly. Below is a brief description of the· application process. 

After the applicant makes a general inquiry, the technical feasibility of the 

proposed project must be reviewed by the utility. The applicant then submits an 

application to the utility, which includes the completed standard application form and a 

non~refundable $350 application fee. If the applicant proceeds with the project to 

completion, the application fee will be applied as a payment to the utility's total cost for 

interconnection. If the application is accepted, the utility conducts a preliminary review 

of the proposed system interconnection. Upon completion of the preliminary review, the 

utility will inform the applicant as to whether the proposed interconnection is viable or 

not, and provide the applicant with an estimate of costs associated with the completion of 

the full Coordinated Electric System Interconnection Review (CESIR). Prior to the 
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Building Permit Review Procedure 

On March 15t11, I visited the Red Hook Town Hall on to speak with Stephen J. 

Cole, the Town of Red Hook Code Enforcement Officer in the Building and Zoning 

Department. He was very helpful in describing to me the procedure for filing for a 

building permit, warning that it can be complicated and does take considerable time. 

The first step in the process is to fill out the Building Permit Application (see 

Appendix D) and submit it to the building inspector, who reviews the application for 

compliance with zoning ordinance, subdivision regulations, building codes, Health 

Department regulations, insurance, and site plan. If all conditions are not met, then the 

building permit must be denied. The applicant may seek relief either by complying with 

requirements, revising plans, seeking a zoning change or a variance, or requesting an 

interpretation of the Zoning Administrator's decision. If satisfactory relief is achieved, 

the permit is issued and the construction is completed according to plan. In certain cases, 

a site plan approval or special use permit is required. The applicant is then referred to the 

appropriate body, such as the planning board, board of appeals, or the legislative body, 

for review. Once approval is received, a building permit is issued and the construction 

can proceed as planned. If all the conditions are met, a building permit is issued, 

inspections of the construction process ensue, and construction may proceed as planned. 

In all three scenarios, after the completion of the site construction, a certificate of 

occupancy is issued to the owner of the site. 

The building permit documents required for issuance include: 

• Completed, signed building permit application 
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• Signed owner consent form ONLY if the applicant is not the owner of the 

building or property 

• Site plan with boundary setbacks for proposed construction (see Appendix D) 

• Workers' Compensation and Liability Insurance Form or an Affadavit of 

Exemption as proof of workers' compensation insurance coverage 

• Stamped set of plans by a professional engineer for construction valued at 

$20,000 and above or detailed sketch plan with materials list 

The following inspections are required upon the issuance of certificate of occupancy: 

• The footings after forms and before pouring 

• The foundation before backfill 

• The concrete pours, which require batch slips from suppliers 

• The framing before enclosing 

• The rough electrical by third party inspector before enclosing 

• The insulation before enclosing 

• The rough plumbing - supply and waster must be pressure tested before enclosing 

• The HV AC system before enclosing 

• Final Documents needed include a DC BOH signed form, San34 Approval, a 

Final Electrical Inspection Certificate, and a Final Inspection by a Building_ 

Inspector. 

Note that the premises of the building being permitted may not be used for any purpose 

until the Certificate of Occupancy is issued to the applicant. For questions and concerns, 
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Stephen J. Cole may be reached by phone at (845) 758-4623 or by e-mail at 

scole@radhook.org. 
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Chapter 6: The Economics of a Micro Hydropower Station 

The economic analysi~ in this chapter compares the costs of grid power and 

hydropower to determine if micro hydropower is an advantageous option. This is mostly 

a profitability analysis, as opposed to a cash-flow analysis, which ·would be carried out 

later by professionals and would provide a detailed projection of the likely financial 

performance of the scheme on a year-by-year basis. The cost of a MHPS differs from 

utility power mainly because its initial investment cost per kilowatt is much higher and 

the operating costs are extremely low. The financing of a MHPS involves making a 

certain number of payments, extended over the project's life span, during which time the 

developer is also reaping the benefits of having essentially free electricity. The various 

payments include the overhead costs for equipment, design, and installation, the cost of 

insurance, and a variable cost component for operation and maintenance. In the end, 

there will be a positive residual value if the total benefits exceed the total costs. 

Whether micro hydropower is an economically viable option depends upon the 

equipment size and type, which then depends upon the flow and gross head. It also 

depends upon the end uses, cost of alternative energy sources, location with respect to the 

grid, and other factors. The economics of a scheme may be drastically improved ifthere 

is preexisting infrastructure, such as a dam, intake, penstock, and foundation, which 

makes installing on the Montgomery Place estate a more economically feasible option. 

In general, low-head, high-flow schemes are in general are more expensive per 

kilowatt installed than high-head, low-flow schemes due to the large size of the pipe, 

intake, and other civil works, which generally cost more than the electromechanical 
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equipment. In order to operate at low flows with high power output, one may install 

several smaller turbines instead of a one large. This increases the overall operating 

efficiency since all of the turbines in operation except one would operate at their nominal 

discharges. This option usually allows for greater ease of transport and assembly, lower 

torque, smaller runner diameter, and consequently smaller, lighter supports in the 

powerhouse. However, more turbines generally require more generators, more controls, 

and higher costs. Since the Saw Kill flows are sufficient for providing power to the field 

station, multiple turbines are unnecessary in this case and would only add to the expense. 

The interconnection tariff and transmission line cost should also be included in 

the investment costs because, even though the lines may become property of the utility, 

these components are always set up at the expense of the hydropower developer. Thus a 

plant close to the point of common coupling (see Chapter 5) will be always cheaper than 

one installed far from it. In a recent phone conversation, Heather Belaus of Central 

Hudson informed me that there is no way to estimate as of now the cost of 

interconnection, but that it will be in the tens of thousands of dollars. Since the MHPS 

will be close to the place of interconnection, an estimate of $20,000 is reasonable. 

Cost Estimation 

The first step of the economic evaluation is to calculate the overall initial 

investment cost which, for this preliminary report, is an estimation based upon quotes 

from various manufacturers. Such prices cannot be considered as firm prices until 

specifications and delivery dates have been provided. This will come later, during the 

actual design and procurement process. 
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Table 1 shows some of the pricing information I have found that pertains to the 

project. The turbine-generator system prices are from a budget estimate provided by Eric 

Melander from Canyon Industries. This can be found in Appendix E. I have listed the 

contact information of the manufacturers from which I have gotten this information in 

Appendix A: 

Scheme A SchemeB Scheme C 
Turbine-Generator $50,000 $60,000 $90,000 

System (includes 
switchgear, speed-
increasin~ device) 

Pipe $26.42/foot X 480 $66/foot x 480 feet $88/foot x 480 feet 
feet+ $1000 + $40 coating + + $40 coating + 

shipping= $13,681 $2100 shipping = $2100 shipping = 
$33820 $44380 

Transmission Project-Specific, but Project-Specific, but Project-Specific, but 
Lines and estimated at $20,000 estimated at $20,000 estimated at $20,000 

Interconnection 
Overall About $150,000 About $200,000 About $300,000 

Installation 
(Including Other 

Equpiment) 
Operation and About $1,800 About $2,000 About $2,500 
Maintenance 
Le2al Process About $50,000 About $50,000 About $50,000 

TOTAL ~$265,500 ~$365,800 ~$486900 

Table 1: Estimated costs of the three schemes considered 

A more precise, but still preliminary, estimate was made for Scheme C by Tom Reilly of 

Salem Engineering. This cost estimate, which appears in Table 2 .and also in Appendix F, 

breaks down the cost into various components: 

MicroHydro Project - Bard College - April 17, 2006 
Based on 75-1 00kw System 

I I 
1 1 
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Permitting and Legal Costs $50,000.00 

Preliminary Planning and Survey Work $30,000.00 

PreConstruction Emtlneerin2 and Desie-n $50,000.00 

Site Preparation $10,000.00 

Structural $20,000.00 

Miscellaneous Metals $10,000.00 

Moisture Protetion $5,000.00 

Roofing $5,000.00 

Insulation $5,000.00 

Rie:e:ing $2,000.00 

Equipment $100,000.00 

Ventilation and Heating $30,000.00 

Plumbing $3,000.00 

Process Piping $20,000.00 

Electrical Service $20,000.00 

Electrical Distribtion $15,000.00 

Lighting $5,000.00 

Emet·gency Li2hting and Exiting $3,000.00 

Controls $30,000.00 

Project Adminstration $40,000.00 

Startup and Commissioning $25,000.00 

$478,000.00 

$ per kw Hi $6,373.33 

Lo $4,780.00 

Normal Range of Costs for Micro-Hydro 3-8k per kw 

Table 2: Estimated cost of a 75-100 kW system by Tom Reilly of Salem Engineering 

These data indicate that the cost for Scheme C falls within the low to medium range of 

normal overall costs. To find out whether this and the other two schemes are financially 

feasible, the cost per kilowatt-hour for the plant must be compared to the cost per 

kilowatt-hour of utility power. To do this requires some knowledge of a few economic 

principles, which are described in the following sections. 
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Comparing with Alternatives 

For an independent producer of energy, the economic decisive factor is the return 

on investment in terms of the present and future costs of grid electricity. The correct 

economic criteria to use for a MH project depends greatly upon how the cost of energy 

will evolve over the next few decades, or the lifetime of the installation. If the current 

trend in oil prices is any indication, utility energy prices may be increasing greatly in the 

near future. 

During the 191
1) century and into the 20th

, many homes and businesses used small 

hydroelectric power stations for heat and electricity. However, after the national grid was 

extended to almost all parts of the country, the smaller hydroelectric facilities became 

uneconomical. Interconnection resulted, due to greater ease of management and 

economies of scale, in the development of large electricity power stations managed by 

single corporations. The fall in energy prices with the development of oil-fed power 

stations freed many from having to deal with the hazards of maintaining their own plants. 

The recent rise in energy costs has inspired a reassessment of the economic and social 

benefits of decentralized hydroelectricity production. Micro hydro is especially useful 

for isolated villages in mountainous areas where it is difficult to transport fuel or build 

power lines, as well as in developing nations where there is no widespread national grid 

system. 

However, there may still be some competition. According to Bard's energy 

supplier, Central Hudson Gas & Electric Corporation: 
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This July, electric delivery rates will increase overall bills for typical residential customers by 

approximately 5.5 percent, or $3.50 per month; by 2009, total bills for average customers using 

500 kilowatt hours will increase by a projected 16 percent, or less than $10 per month. For natural 

gas, overall bills for typical residential customers will increase by about 6 percent this July, or 

approximately $8 per month when averaged over one year; by 2009, typical residential gas bills 

will increase by 12 percent, or less than $16 per month. 1 

With energy prices on the rise, it may be wise for Bard to begin investing more in fuel

free modes of electricity generation. 

Plant Factor 

One of the most important aspects of an economic analysis of a MHPS is the plant 

factor (PF), which is an indicator of how efficiently the output power is being used. The 

ratio of power used to power capacity: 

. power used 
power ratio = -

- power installed 

can be expressed as an energy ratio by multiplying the numerator by the amount of time 

the power is used and the denominator by the total time period being considered: 

Plant Factor = power_ used x time_ of_ use = energy_ used 
power_ installed x period_ considered energy_ available 

A key piece of advice when designing a MHPS is to design for the highest plant 

factor. The highest possible plant factor is 1, which would mean that all the power 

1 
New York State Department of Public Service and Central Hudson Reach a New Agreement for New Electric and 
Natural Gas Delivery Rates. Central Hudson Gas and Electric Corporation. 16 Apr 2006. 
http://www2.centralhudson.com/rates/rate_proposa1.html 
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available from the system is being used all the time. A good design has a predicted plant 

factor of no lower than 0.4. A low plant factor indicates costly power and implies that 

another power source may be a better option. A high plant factor can be achieved by 

carefully matching power availability with power demand. To avoid underuse and 

maximize the PF, the plant should send the excess power to larger loads, such as the 

sewage treatment plant. The plant factor also depends upon how much of the year the 

plant is operational. For example, a fully utilized plant that runs for nine months out of 

the year has a plant factor of 0.75. Since a cross-flow turbine can operate at flows as low 

as 10% of its design flow, and since the lowest flow of the Saw Kill is about 0.08 ems, if 

the plant is made to have a design flow of no more than 0.8 ems, the plant should be able 

to run for twelve months minus periods when the plant is shut down for maintenance and 

repairs. Thus our PF can be conservatively estimated at 0.9. 

Unit Energy Cost 

The unit energy cost takes both capital costs and running costs into account and 

provides a comprehensive single value by which to judge the economic feasibility of the 

scheme. 

The principle items in the annual running costs are: 

• Running maintenance costs such as cleaning the grill or 

unclogging the pipe (0.4-1.2% of the initial investment I) 

• Payments for water rights and the pipe (0.8% of I) 

• Operating license (at least 0.4% of I) 
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• Insurance of the electromechanical equipment and the turbine (1 % 

of I) 

• Repairs (1.2% of I) 

These add up to a total of about 5% of the initial investment. The annual cost Cannuat of 

the MHPS may be found by dividing the total initial cost Cinitial by the number of years in 

which the project will be paid off, or the amortization period. Assuming an amortization 

period of ten years: 

C annual = 0.1 x cinilial 

This does not take into account the expenses listed above related to the operation and 

maintenance (O&M) of the plant. Estimating O&M as 5% of Cannuat, the total cost each 

year is: 

Cannua1 +(O&M)= Cannua1 +(0.05xCannua1) 

The energy used per year depends upon the plant factor PF and the installed power 

capacity Pinstalled· With 8670 hours in a year: 

C +(0.05xC ) Unit Energy Cost = annua1 annual 
- - P;nstal/ed X 8760 X PF 

Cost-Benefit Sensitivity 

Cost-benefit sensitivity is not a new, touchy-feely form of economics. It is the 

extent to which the success of the plant is affected by an extra investment in the cost or 

design of a given element. Knowing the cost-benefit sensitivity of each aspect of the 

plant will help to concentrate attention on the components that make the most 
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improvements to performance, environmental impact, and economics. For example, a 

small change in the plant factor will make a larger change in the unit energy cost than a 

small change in the cost of electrical transmission. Thus if faced with the choice of either 

revising the transmission line design or planning for a higher PF, one knows which 

design task to attend to for the highest returns. The PF is reduced by equipment failure, 

which may be avoided with good O&M. Although O&M usually contributes very little 

to the total cost, improvements in this area will improve the overall benefits greatly. 

Similarly, a little extra investment in the design studies, which cost only about 3% of the 

total costs, results in large benefits. 

Present Value and Discount Rate 

The project may have to be financed by loans, which turn out to be the greatest 

financial burden since maintenance and operation costs are low in comparison to the 

initial costs. In any economic analysis involving economic value there are always two 

variables, money and time. The economic feasibility of a project may be ascertained by 

finding the amortization (pay-back) period for the overhead plus operational costs. 

Considering that the average MHPS lasts for 30 years, if this period is less than 30 years, 

the project is economically sound. However, an amortization period of at least ten years 

less than the life span of the plant is optimal. 

A certain amount of money paid or received at a point in time has a different 

value if it is paid or received at another point in time. Money can be invested during a 

certain period of time with the guarantee of a certain benefit. The discount rate of a 

project is the percentage by which a future benefit is decreased to find its actual value 
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today, or the 'present value' (PV). For example, having $1,000 a year from now may be 

the same to a given person as having $800 now. This person's discount rate is then 25% 

because the future benefit of $1,000 is discounted at 25% per year to become the present 

value of $800. The discount rate allows the present value of money to be compared with 

its value in n years. One unit of cash in n years time can be written: 

PV= l 
(1 +a)" 

Where P Vis the present value of money and a is the discount rate. There are many 

reasons for discounting future sums of money. First of all, actually gaining that money is 

an uncertain prospect. For example, a series of low-production years can cause a setback 

in the collection of benefits and can lead to financial difficulties. Also, we generally 

expect compensation for having to wait for the future benefit while it is being enjoyed by 

someone else. A third reason is inflation, which changes the effective value of money 

over time. The question regarding the Saw Kill MHPS is, "How much money are we 

willing to invest now in order to reap the full benefits of our investment sometime in the 

future?" 

So far, it has been assumed that a large sum of money would be gained at a later 

date. However, it is more reasonable to assume the benefits of the project will come . 

more gradually over each year, each of which must be discounted to its present value. 

For example, is the discount rate a is 20% and the annual revenue is $6,000, the benefit 

after one year has a present value: 

P V = 6 OOO = 5 000 
(1.20) 1 

' 
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The second payback period will have a PV of $4,166, the third payback period will have 

a PV of $3,550, and so on. It is necessary to sum these values to find the total PV of all 

the revenue over a certain number of years. 

An investment I over n years produces a record expenditure E and receipts R such 

that the discounted profit is: 

p = t(R1 -E, J-l 
/=I (1 + a)" 

And discounted expenditure can be written: 

E= t( E, J+l 
. l=I (l+ar 

The amortization period is the number of years after which the sum of the discounted 

profit becomes greater than the sum of the discounted expenditure. The payback period, 

on the other hand, is the number of years after which the sum of the non-discounted 

receipts becomes greater than the sum of the non-discounted expenditure. 

Internal Rate of Return 

The Internal Rate of Return (IRR) is the discount rater, at which the sum 

of the discounted values of the cash flow is equal the present value of the initial 

investment. In other words, the method calculates the rate of return an investment is 

expected to yield. The IRR is the discount rate at which It is generally assumed for a 

MHPS that the IRR should be greater than 15%. The criterion for selection between 

different alternatives is normally to choose the investment with the highest rate of return. 

Solving the following equation for a gives the IRR: 
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I I - 1 
11 (R - E J ~ (l +a)" -

Sometimes there may be no rate-of-return solution or there may be multiple solutions if 

the net benefits oscillate between positive and negative values. 

My Calculations 

Without any knowledge about how much the value of the project will change 

from the standpoint of the college over time, it is impossible to ascertain a value for the 

discount rate. Fortunately, Tom Reilly provided me with some insight on one of the 

pseudo-economic techniques that engineers commonly use to calculate the savings of a 

project over time. He suggested that to calculate a costing evaluation for a 25-year 

project life, I multiply what Bard would save annually, or what Bard is currently 

spending on energy each year, by 18. The initial costs are then subtracted from this value 

to yield the present value of the project savings. 18 is used instead of 25 (the total 

number of years) to account for the discounted value over time. This method has been 

proven sound for estimation purposes and does not require one to know a discount rate. 

Table 3 is a list of my calculations for the annual savings of the project: 

Tom's Calculation Annual Savings 
Scheme A $0.08/kWh x 24kW x 8760 hrs/year= $16,819 
Scheme B $0.08/kWh x 60kW x 8760 hrs/year= $42,048 
Scheme C $0.08/kWh x 90kW x 8760 hrs/year= $63,072 

Table 3: An engineer's method of calculating the annual savings 

Multiplying the annual savings to yield the overall discounted sav~ngs over a twenty-five 

year period (Table 4): 

Tom's Calculation Savings Over 25 years 
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Scheme A $16,819 X 18 $302,742 
Scheme B $42,048 X 18 $756,864 
Scheme C $63,072 X 18 $1,135,296 

Ta hie 4: An estimate of the total economic benefits of the MHPS 

Subtracting these values from my initial cost estimates yields (Table 5): 

Tom's Calculation Total Revenue 
Scheme A $302,742 - $265,500 $37,242 
Scheme B $756,864 -$365,800 $391,064 
Scheme C $1,135,296 - $486900 $648,396 

Table 5: The estimated total revenue for each scheme 

These figures indicate that Scheme C, with almost double the revenue of Scheme B and 

almost 18 times the revenue of Scheme A, is by far the better scheme to pursue in terms 

of economics. 

Recommendations 

Although all three schemes would yield a high plant factor, Scheme C seems to be 

the most promising in economic terms. While it is advised that the developer consult 

with an economist or energy consulting company before continuing with the project, the 

rough calculations in this chapter may be trusted to the extent that Scheme C offers the 

most economic benefits. However, the costs considered here do not include the 

environmental impacts, which would be higher for a larger plant. How much higher 

cannot be determined until trained professionals execute a more in-depth analysis of the 

impacts of the plant. Then again, a simple cost analysis does not take into account the 

non-financial benefits of using renewable energy either. 
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A next step may be to contact Tom Reilly to ask for a more in-depth analysis of 

the project economics. This may be supplemented by contacting Roger Bason at E3, an 

energy consulting firm, and asking for a second opinion. 

Sources 

Belaus, Heather. Net Metering, Central Hudson Gas & Electric. Phone conversations 9 

Feb. 2006 and 7 Mar. 2006. 

Harvey, Adam. Micro-Hydro Design Manual: A Guide to SmalJ-Scale Water Power 

Schemes. London: Intermediate Techn,ology Publications, pp. 13-15, 305-319. 

1993. 

Reilly, Tom. Engineer, Salem Engineering. Phone conversations 10 Apr. 2006 and 18 

Apr. 2006. E-mail correspondence. 
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Conclusion 

This pre-feasibility study has outlined much of what needs to be done in order to 

successfully install a MHPS at the Saw Kill. I hope that the findings and instructions I 

have laid out are enough to convince the college to proceed with the project. If so, what 

follows is a list of the next steps that should be taken and another list summarizing the 

recommendation~ found within the previous chapters. 

To recap, Table 1 lists the three schemes and some specifications associated with 

them: 

Scheme A SchemeB Scheme C 
Design Flow (ems) 0.26 0.54 0.82 
Power Output (kW) 24 60 90 
Water Velocity (m/s) 3.57 2.67 3.34 
Pipe Size and Type 12" PVC 20" Steel 22" Steel 
Estimated Total Costs $265,500 $365,800 $486900 
Estimated Total Revenue $37,242 $391,064 $648,396 

Which scheme is chosen depends mostly on the technical, environmental, legal, and 

economic factors considered in each chapter. 

One of the next steps in this project should be to meet with Geoff Carter and other 

Historic Hudson Valley directors and committees regarding building the facility on the 

Montgomery Place property. If Bard is allowed to reconstruct the old power station, it is 

recommended that: 

o Instead of running the power t~ both parties an agreement is reached in 

which Bard would pay Montgomery Place a pre-approved percentage of 

the saved costs as a lease for the use of their property. 
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o The facility is built to resemble the old facility as closely as possible. This 

would require finding a book containing drawings of the facility that may 

be located at the Historic Hudson Valley Library. 

o If the old steel penstock cannot be replaced, then the college should opt for 

a modified version of Scheme A in which a 16" PVC pipe is inserted into 

the old pipe as a sleeve. Otherwise, Scheme B or C would be the most 

suited for the new MHPS on the Montgomery Place property. 

o The old intake is replaced with a new one with very small spacing 

between the bars so that eels may not enter 

o The transmission cables are run up the hill along the pipe, across the Saw 

Kill at the dam, and back down the hill to the Field Station. 

o Bard should look into funding opportunities from the New York State 

Historic Preservation Office and other local historical organizations. 

If, on the other hand, Bard cannot build at Montgomery Place, Scheme A should be 

considered and a new intake must be built at the cement dam. 

Below is a summary of the overall recommendations for this project: 

o Since the Saw Kill's flows vary considerably, a cross-flow turbine should 

be used equipped with two guide vanes at the rectangular nozzle to 

perform flow partitioning, which maintains high efficiency at low flows. 

In case of a system failure, these guide vanes would protect the turbine 

while allowing the water to continue to flow through the pipe so that a 
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waterhammer does no occur. Recommended cross-flow manufacturers 

include Windsor Machinery, HTS Inc., and Canyon Hydro. 

o Intake screens should be installed in front of the pipe entry and the draft 

pipe exit to prevent the entrainment of fish and other life, as well as 

protect the electromechanical equipment from being damaged by debris. 

The spaces between the bars of the intake should be small enough to avert 

the entry of young American Eels. 

o If the MHPS is built on Bard College property, it is recommended that a 

PVC penstock pipe be buried along the side of Bay Road. 

o If the MHPS is installed on Montgomery Place property, it is 

recommended that the penstock be installed above ground and either that 

it is either a 16-inch PVC sleeve, a 20"steel pipe, or a 22"steel pipe. 

o It is recommended that the generator and turbine be purchased from the 

same manufacturer. The most fitting generator for this application would 

be an asynchronous, alternating current, three-phase generator. The 

turbine and generator should be either directly connected or attached with 

a belt drive system. 

o A fishpass should be constructed at the cement dam to allow for the 

passage of migratory fish and eels. 

o The acquisition of licenses and permits is by far the most difficult, time

consuming portion of a micro hydropower project. Bard College would 

need to gain permission from the DEC, FERC, DPS, Central Hudson Gas 
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& Electric Corporation, and the Town of Red Hook. The Saw Kill MHPS 

would qualify for a license exemption under FERC. 

o Scheme C is economically the most promising according to my 

calculations. It is advised that the developer consult with an economist or 

energy consulting firm before continuing with the project. Two 

recommended contacts are Tom Reilly and Roger Bason. Keep in mind 

that an economic analysis does not include non-financial impacts or 

benefits. Tom Reilly to ask for a more in-depth analysis of the project 

economics. 

In conclusion, hydropower plants involve a relatively clean technology that has 

been well established for centuries. As indicated by its historical involvement with micro 

hydroelectricity and by its present features, the Saw Kill would be an ideal site for a 

MHPS. While the project would generate some negative impacts on the local 

environment, the avoided impacts to the larger environment would be more significant. 

Financially, the initial investment in the project would be substantial, but eventually the 

college would be endowed with significant returns. Regardless of the economic benefits, 

as concerned citizens of this planet and as members of a prosperous institution of higher 

education, it is our responsibility our privilege to fully utilize our resources in helping to 

better our environment. 
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Appendix A: List of Contacts 

Contact Occupation Company/ Role in Project Contact Info. 
Name Location 

Plastic Depot Potential PVC pipe supplier 310-217-7080 

Wedgewire Intake screen manufacturer 1-800-663-2702 
sales@wedgewire.c 
om 

Norris Screen Intake screen manufacturer 250-256-4048 
and Man. Inc. sdouglass@uniserv 
Coanda Sales e.com 

Bason, President of E3, Inc. Energy consultant interested 
Roger Natural Currents in helping to find funding, 

for Pennsylvania, analyzing the soundness of 
LLC our Plan. 

Belaus, Net Metering Central Hudson Provided Net Metering and 845-452-2700 
Heather Assistant Gas & Electric interconnection information x5552 
Bell, Hydropower FERC Provided information 202-502-6062 
Robert Licensing regarding filing for a license robert.bell@ferc.go 

Officer exemption under FERC V 

Carter, Director of Historic Hudson Contact person for 914-954-2676 
Geoff Preservation Valley Montgomery Place and 

providing historical 
information 

Cole, Town of Red Town of Red Providing information about 845-758-4623 
Stephen Hook Code Hook building permits and codes scole@redhook.org 

Enforcement 
Officer 

Colin Spinnenweber Potential PVC pipe supplier 845-331-0143 
Supply (local) 

Cotting, Central Hudson Provided energy pricing 845-486-5559 
William Gas & Electric information 
Gall, John Director of Bard College Provided B&G staff for help 845-758-7878 

Buildings and with measuring the head, gall@bard.edu 
Grounds topographical maps. Will 

need permission to proceed 
with project. 

Hannon, Librarian Historic Hudson Helping to find the book 914-631-8609 
Catalina Valley Library containing pictures of the librarian@hudsonva 

old power house lley.org 
Husted, Environmental Bard College Provided power usage data 845-758-7180 
Laurie Resources for the Field Station and husted@bard .edu 

Auditor, BERO Avery/Blum. Helping to 
organize a maintenance 
team for the plant. 

Kettering, State Historic May be able to provide 518-237-8643 
William Preservation funding for the project, 

Office given that it is build at 
Montgomery Place 

Kinsberg, DEC Provided information 518-402-9161 
Kevin regarding licensing under 

FERC 
Kiviat, Erik Executive Ecology Field Providing information 845-758-7053 



Director of Station regarding environmental kiviat@bard.edu 
Hudsonia Ltd. impacts 

Laurin Historic Hudson My be able to locate the 845-758-5461 
Bailey Valley book containing drawings of 

the old MHPS 
Litchens, Central Hudson Provided energy pricing 845-464-4779 
Stan Gas & Electric information 
Maple, Professor of Bard College Provided the 1908's study. 845-758-7301 
William Biology; Providing information about maple@bard.edu 

Director, the environmental impacts. 
Ecology Field 
Station 

Marino, Federal Steel Potential steel pipe supplier l-800-325-1584 
John Supply 

Melander, Engineer Canyon Contact person for 360-592-5552 
Eric Industries purchasing a turbine- eric.melander@can 

generator system from yon hydro.com 
Canyon Industries 

Nesel, Electrical & Bard College Providing electric meter 845-758-7661 
Gerard Telecommunicati data nesel@bard.edu 

ons Supervisor 
Orvis, Curt Engineer U.S. Fish and Potential designer of 413-253-8288 

Wildlife Service fishpass curtis _ orvis@fws.g 
ov 

Patzig, Engineer Hydro power Potential manufacturer of 804-360-7992 
Alfred Turbine Systems turbine-gneerator system hts-inc@hts-

Inc. inc.com 
Reichheld, Program NYCDEP in Providing help with 845-340-7512 
Beth Manager Kingston fishpasses and fish-safe bethr@catgis.dep.n 

intake screens yc.ny.us 
Reilly, Tom Engineer Salem Potential designer of project 203-723-8800 

Engineering scheme tom@salemenginee 
ring.com 

Rice, Mark Water Treatment Bard College Provided information about 845-758-7465 
Plant Operator water treatment plant rice@bard.edu 

discharge and water use at 
Bard 

Schmidt, Ichthyologist Simons Rock Protector of fish, interested schmidt@simons-
Robert in setting up a fish ladder, rock.edu 

contact for questions 
regarding the American 
Eels. 

Terbush, Engineer Windsor Potential manufacturer of 845-897-4194 
Harry Machinery the turbine-generator system windsormachine@a 

and installer ol.com 
Undram, Mechanical NYSERDA Providing information about 518-862-1090 
Marc Engineer interconnection x3256 

requirements 
Weir, Engineer Hydro screen Potential supplier of intake 303-333-6071 
Robert screen rkweir@aol.com 

Woythal, DEC Provided information and 518-402-8847 
Mark other contacts regarding 

fishpasses 



Federal Energy Regulatory Commission 

project works, the exemption holder 
may not implement the changes with
out first acquiring authorization from 
the Commission to amend its exemp
tion, or acquiring a license that au
thorizes the project, as changed. 

(c) An application to amend an ex
emption may be filed only by the hold
er of the exemption. An application to 
amend an exemption will be governed 
by the Commission's regulations gov
erning applications for exemption. The 
Commission will not accept applica
tions in competition with an applica
tion to amend an exemption, unless the 
Director of the Office of Hydropower 
Licensing determines that it is in the 
public interest to do so. 

[Order 413, 50 FR 11687, Mar. 25, 19851 

Subpart K-Exemption of Small 
Hydroelectric Power Projects 
of 5 Megawatts or Less 

~ 4,101 Applicability. 

This subpart provides procedures for 
exemption on a case-specific basis from 
all or part of Part I of the Federal 
Power Act (Act), including licensing, 
for small hydroelectric power projects 
as defined in §4.30(b)(29). 

(Energy Security Act of 1980, Pub. L. 96-294, 
94 Stat. 611; Federal Power Act, as amended 
(16 U.S.C. 792-828c): Public Utility Regu
latory Policies Act of 1978 (16 U.S.C , 2601-
2645): and the Department of Energy Organi
zation Act (42 U.S.C. 7101-7352); E.O. 12009, 3 
CFR 142 (1978)) 

[Order 202, 47 FR 4243, Jan. 29, 1982, as 
amended by Order 413, 50 FR 11687, Mar. 25, 
1985: Order 482, 52 FR 39630, Oct. 23, 1987: 
Order 2002, 68 FR 51121, Aug. 25, 2003] 

* 4.1. 02 Surrender of exemption. 

(a) To voluntarily surrender its ex
emption, a holder of an exemption· for a 
small hydroelectric power project must 
file a petition with the Commission. 

(b)(l) If construction has begun, prior 
to filing a petition with the Commis
sion, the exemption holder must con
sult with the fish and wildlife agencies 
in accordance with §4.38, substituting 
for the information l'equired under 
§4.38(b) (I) infonnation appropriate to 
the disposition and restoration of the 
project works and lands. The petition 
must set forth the exemption holder's 

§4.103 

plans with respect to disposition and 
restoration of the project works and 
lands. 

(2) If construction has begun, publlc 
notice of the petition will be given, 
and, at least 30 days thereafter, the 
Commission will act upon the petition. 
New applications involving the site 
may be filed on the next business day. 

(c) If no construction had begun, un
less the Commission issues an order to 
the contrary, the surrender will take 
effect at the close of the thirtieth day 
after the Commission issues a public 
notice of receipt of the petition. New 
applications involving the site may be 
filed on the next business day. 

(d) Exemptions may be surrendered 
only upon fulfillment by the exemption 
holder of such obligations under the ex
emption as the Commission may pre
scribe and, if construction has begun, 
upon such conditions with respect to 
the disposition of such project works 
and restoration of project lands as may 
be determined by the Commission and 
the Federal and state fish and wildlife 
agencies. 

(e) Where occupancy of United States 
lands or reservations has been per
mitted by a Federal agency having su
pervision over such lands. the exemp
tion holder must concurrently notify 
that agency of the petition to sur
render and of the steps that will be 
taken to restore the affected U.S. lands 
or reservations. 

[Order 413, 50 FR I 1688, Mar. 25, 1985] 

~ 4.103 General provisions for case-spe
cific exemption, 

(a) Exemptible projects. Subject to the 
provisions in paragraph (b) of this sec
tion, §4.3J(c). and §§4.105 and 4.106, the 
Commission may exempt on a case-spe
cific basis any small hydroelectric 
power project from all or part of Part 
l of the Act, including licensing re
quirements. Any applications for ex
emption for a project shall conform to 
the requirements of §§ 4. 107 or 4_ 108, as 
applicable. 

(bl Limitation for licensed water power 
project. The Commission wi II not ac
cept. for filing an application for ex
emption from licensing for any project 
that is only part of a licensed water 
power project. 
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(c) Waiver. In applying for case-spe
cific exemption from licensing, a quali 
fied exemption applicant may petition 
under § 385.207 of this chapter for waiv
er of any specific provision of §§4 .102 
through 4.107 . The Commission will 
grant a waiver only if consistent with 
section 408 of t he Energy Security Act 
of 1980. 

[Order 413. 50 FR 11688. Mar. 25, 1985, as 
a mended by Order 503, 53 FR 36568, Sept. 21, 
1988) 

§ 4.104 Amendment of exemption. 

(a) An exemption holder must con
struct and operate its project as de
scribed in the exemption application 
approved by the Commission or its del
egate . 

(b) If an exemption holder desires to 
change the design, location, method of 
construction or operation of its 
project, it must first notify the appro
priate Federal and state fish and wild
Life agenci es and Inform l11e m In wril
lng of the cha nges IL Intends Lo lmp le
m en l. If these age ncies determine that 
Lhe changes would no l cause Lhe 
project to viola L Lhe terms and condi 
tio ns imposed by the age nc ies , and i f 
the changes wou.ld not materially alter 
the deslgr1, location, method of con
struction or operation of the project, 
the exemption holder may implement 
the changes. If any of lhese agencies 
determines that the changes would 
cause the project to violate the terms 
and conditions imposed by that agency, 
or if the changes would materially 
alter the design, location , method of 
construction or the operation of the 
pr'ojeCL work s. Lhe exemp Llon holder 
m ay 110 1 l111pl e111 e nl the c hanges w·lth
ou L f'lrsL acqu iring authorlzaLlon from 
the Commission to amend Its exemp
tion or acquiring a license for the 
project works that authorizes the 
project, as changed , 

(c) An application to amend an ex
emption may be filed only by the hold
er of an exemption. An application to 
amend an exemption will be governed 
by Lh Comm iss ion's n :igu lallons gov
erning applica t ions for exempLlon . The 
Commission wl ll not ac ept applica
tions in competition with an applica
tion to amend an exemption, unless the 
Director of the Office of Hydropower 
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Licensing determines that it is in the 
public interest to do so. 

[Order 413, 50 FR 11688, Mar. 25, 19851 

§ 4.106 Action on exemption applica
tions. 

(a) Exemption from provisions other 
than licensing. An application for ex
emption of a small hydroelectric power 
project from provisions of Part I of the 
Act other than the licensing require
ment will be processed and considered 
as part of the related application for li
cense or amendment of license. 

(b) (I) Consultation. The Commission 
will circulate a notice of application 
for exemption from licensing to Inter
ested agencies and Indian tribes at the 
time the applicant is notified that the 
applicallon ls a ccepted for fi I Ing . 

(2) Non- Ulndard term.5 and conditions. 
In approving any application for ex
emption from licensing, the Commis
sion may prescribe terms or conditions 
in addition to those set forth in §4,106 
in order to : 

(i) Protect the quality or quantity of 
the related water supply; 

(ii) Otherwise protect life, health, or 
property; 

(ill) Avoid or mitigate adverse envi
ronmental Impact; or 

(iv) Better conserve, develop, or uti
lize in the public interest the water 
resouces of the region. 

(Energy Security Ac t of 1980, Pub. L. 96-2!M, 
94 S tal- 611 : Federal Power Ac t , as amended 
(16 U.S.C , 792-828c) ; Public Utility Regu
latory Polic ies Act of 1978 (16 U.S.C. 2601-
2645); and the Department of Energy Organ i
z~tlo n Act (42 U.S .C, 7101-7352); E.O, 12009, 3 
CFR 142 (1978)) 

[Order 106, 45 FR 76123, Nov, 18, 1980, as 
amended by Order 202, 47 F R 4246, J a n. 29, 
1982; Order 413, 50 FR 11688, Mar , 25, 1985 ; 
Order 533, 56 FR 23154 , May 20 , 1991I 

§ 4,106 Standard terms and conditions 
of case-specific exemption from Ji. 
censing. 

Any case-spe Ifie exemption from li
censing g ran ted for a s m a ll hydro
electric power project is subject to the 
following standard terms and condi
tions: 

(a) Article I. The Commission reserves 
the right to conduct investigations 
und er sections 4(g), 306, 307, and 311 of 
the Federal Power Act with respect to 
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any acts, complaints, facts, conditions, 
practices, or other matters related to 
the construction, operation, or mainte
nance of the exempt project. If any 
term or condition of the exemption is 
violated, the Commission may revoke 
the exemption, issue a suitable order 
under section 4(g) of the Federal Power 
Act, or take appropriate action for en
forcement, forfeiture, or penalties 
under Part III of the Federal Power 
Act. 

(b) Article 2. The construction, oper
ation , and maintenance of the exempt 
project must comply with any terms 
and conditions that the United States 
Fish and Wildlife Service, the National 
Marine Fisheries Service, and any 
state fish and wildlife agencies have 
determined are appropriate to prevent 
loss of, or damage to, fish or wildlife 
resources or otherwise to carry out the 
purposes of the Fish and Wildlife Co
ordination Act, as specified in exhibit 
E of the application for exemption 
from licensing or in the comments sub
mitted in response to the notice of ex
emption application. 

(c) Article 3. The Commission may re
voke this exemption if actual construc
tion of any proposed generating facili
ties has not begun within two years or 
has not been completed within four 
years from the date on which this ex
emption was granted. If an exemption 
is revoked under this article, the Com
mission will not accept from the prior 
exemption holder a subseq uent applica
tion for exemption from Ileen Ing for 
the same project within two years of 
the revocation . 

(d) Article 4. This exemption is sub
ject to the navigation servitude of the 
United States if the project is located 
on navigable waters of the United 
States. 

(e) Article 5. This exemption does not 
confer any right to use or occupy any 
Federal lands that may be necessary 
for the development or operation of the 
project. Any right to use or occupy any 
Federal lands for those purposes must 
be obtained from the administering 
Federal land agencies. The Commission 
may accept a license application sub
mitted by any qualified license appli
cant and r evoke this exemption , if any 
necessary right to use or occupy Fed-
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era! lands for those purposes has not 
been obtained within one year from the 
date on which this exemption was 
granted. 

(f) Article 6. In order to best develop, 
conserve, and utilize in the public in
terest the water resources of the re
gion, the Commission may require that 
the exempt facilities be modified in 
structure or operation or may revoke 
this exemption. 

(g) Article 7. The Commission may re
voke this exemption if, in the applica
tion process, material discrepancies, 
inaccuracies, or falsehoods were made 
by or on behalf of the applicant. 

(h) Article 8. Any exempted small hy
droelectric power project that utilizes 
a dam that is more than 33 feet in 
height above streambed, as defined in 
18 CFR 12.31(c) of this chapter, im
pounds more than 2,000 acre-feet of 
water, or has a significant or high haz
ard potential, as defined in 33 CFR part 
222, is subject to the following provi
sions of 18 CFR part 12, as it may be 
amended: 

(I) Section 12.4(b)(I) (i) and (ii). (b)(2) 
(i) and (iii). (b)(iv). and (b) (v): 

(2) Section 12.4(c): 
(3) Section 12.5; 
(4) Subpart C; and 
(5) Subpart D. 

For the purposes of applying these pro
visions of 18 CFR part 12, the exempted 
project is deemed to be a licensed 
project development and the owner of 
the exempted project is deemed to be a 
licensee. 

(i) Before transferring any property 
interests in the exempt project, the ex
emption holder must Inform the trans
feree of the terms and conditions of the 
exemption. Within 30 days of transfer
ring the property interests, the exemp
tion holder must inform the Commis
sion of the identity and address of the 
transferee. 

[Order 106, 45 FR 76123, Nov. 18, 1980: 45 FR 
77420, Nov. 24, 1980, as amended by Order 202, 
47 FR 4246, Jan. 29, 1982: Order 413. 50 FR 
11688, Mar. 25, 1985: Order 482, 52 FR 39630, 
Oct . 23, 1987: Order 413-A, 56 FR 31331, July 
10, 1991] 

131 



§4.107 

§ 4,107 Contents of application for ex
emption from licensing, 

(a) General requirements. An applica
tion for exemption from licensing sub
mitted under this subpart must con
tain the introductory statement, the 
exhibits described in this section, the 
fee prescribed in § 381.601 of this chap
ter and, if the project structures would 
use or occupy any lands other than 
Federal lands, an appendix containing 
documentary evidence showing that 
applicant has the real property inter
ests required under §4.3l(c}(2}(1i). The 
applicant must identify in its applica
tion all Indian tribes that may be af
fected by the project. 

(b) Introductory statement. The appli
cation must include an introductory 
statement that conforms to the fol
lowing format: 

BEFORE THE FEDERAL ENERGY REGULATORY 
COMMISSION 

Application for Exemption of Small 
Hydroelectric Power Project From Licensing 

(I) [Name of applicant] applies to the Fed
eral Energy Regulato1·y Commission for an 
exempt Lon for [name of project]. a small hy
droelectric power project that is proposed to 
have an ins ta I led capacl ty of 5 megawatts or 
less, from llcensulng under the Federal 
Power Act. [If applicable: The project ts cur
rently licensed as FERC Project No. --. 1 

(2) The location of the project is: 
[State or territory] -·· __ __ _ ____ _ 

[County) ____ ·---------------
[Township or nearby town) _______ _ 

[Stream or body of water]~-

(3) The exact name and business address of 
each applicant are: 

(4) The exact name and business address of 
each person authorized to act as agent for 
the applicant In this appllcatlon are: 

(5) [Name of applicant) ls [specify, as ap
propriate: a citizen of the United States or 
other ldontifled nation; an association of 
citizens of the United States or other Identi
fied nation; a munlcipallty: a state: or a cor
poration incorporated under the laws of 
(sp<:ctry the United States or the state or na
tio n of Incorporation, as appropriate).] 
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(c) Exhibit A. Exhibit A must describe 
the small hydroelectric power project 
and its proposed mode of operation. To 
the extent feasible, the information In 
this exhibit may be submitted in tab
ular form. The applicant must submit 
the following Information: 

(!) A brief description of any existing 
dam and impoundment proposed to be 
utilized by the small hydroelectric 
power project and any other existing or 
proposed project works and appur
tenant facilities, including intake fa
cilities, diversion structures, 
powerhouses, primary transmission 
lines, penstocks, pipelines, spillways, 
and other structures, and the sizes, ca
pacities, and construction materials of 
those structures. 

(2) The number of existing and pro
posed generating units at the project, 
including auxiliary units, the capacity 
of each unit, any provisions for future 
units. and a brief description of any 
plans for retirement or rehabilitation 
of existing generating units. 

(3) The type of each hydraulic tur
bine of the small hydroelectric power 
project. 

(4) A description of how the power 
plant is to be operated, that ls, run-of
rlver or peaking. 

(5) A graph showing a flow duration 
curve for the project. Identify stream 
gauge(s) a nd period of' record used . (f a 
synthetic record ls utilized. provide de
tail concerning it.,<; derivaUon. umlsh 
juslification for se lectlon of lnsLaJ led 
capacity if the hydraulic capacity of 
proposed generating unit(s) plus the 
minimum flow requirements, if not us
able for power production, is less than 
the stream flow that is exceeded 25 per
cent of the time. 

(6) Estimations of: 
(1) The average annual generation in 

kilowatt-hours; 
(ii) The average and design head of 

the power plant; 
(iii) The hydraulic capacity of each 

turbine of the power plant (flow 
through the plant) in cubic feet per 
second; 

(iv) The number of surface acres of 
the man-made or natural impoundment 
used, if any, at Its normal maximum 
surface elevation and its net and gross 
storage capacities in acre-feet. 
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(7) The planned date for beginning 
and completing the proposed construc
tion or development of generating fa
cilities. 

(8) A description of the nature and 
extent of any repair, reconstruction, or 
other modification of a dam that would 
occur in association with construction 
or development of the proposed small 
hydroelectric power project, including 
a statement of the normal maximum 
surface area and normal maximum sur
face elevation of any existing impound
ment before and after construction . 

(d) Exhibit G. Exhibit G is a map of 
the project and boundary and must 
conform to the specifications of 
§ 4.41 (h) of t his chapter. 

(e) Exhibit E. This exhibit is an envi
ronmental report that must include 
the following information, commensu
rate with the scope and environmental 
impact of the construction and oper
ation of the small hydroelectric power 
project . See § 4.38 for consultation re
quirements . 

(1) A description of the environ
mental setting of the project, including 
vegetative cover, fish and wildlife re
sources , water quality and quantity, 
land and water uses, recreational uses, 
historical a nd archeological resources, 
and scenic and aesthetic resources. The 
report must list any endangered or 
threatened plant and animal species, 
any critical habitats, and any sites eli
gible for or included on the National 
Register of Historic Places. The appli
cant may obtain assistance in the prep
aration of this information from state 
natural resources agencies, the state 
historic preservation officer, and from 
local offices of Federal natural re
sources agencies. 

(2) A description of the expected en
vironmental impacts from the proposed 
construction or development and the 
proposed operation of the small hydro
electric power project, including any 
impacts from any proposed changes in 
the capacity and mode of operation of 
the project if it Is already generating 
electric power, and an explanation of 
the specific measures proposed by the 
applicant, the agencies consulted, and 
others to protect and enhance environ
mental resources and values and to 
mitigate adverse impacts of the project 
on such resources . 

§4.201 

(3) Any additional information the 
applicant considers important. 

(f) Exhibit F. Exhibit F is a set of 
drawings showing the structures and 
equipment of the small hydroelectric 
facility and must conform to the speci
fications of §4.41 (g) of this chapter. 

[Or der 106, 45 FR 76123, Nov . 18, 1980, as 
a mended by Order 225, 47 FR 19056, May 3, 
1982: Order 413, 50 FR 11689, Mar. 25, 1985: 
Order 494 , 53 FR 15381. Apr 29, 1988: Orde r 533. 
56 FR 23154 , May 20, 1991: Order 2002. 68 FR 
51121, Aug. 25, 2003] 

§ 4,108 Contents of application for ex
emption from provisions other than 
licensing. 

An application for exemption of a 
small hydroelectric power project from 
provisions of Part I of the Act other 
than the licensing requirement need 
not be prepared according to any spe
cific format, but must be included as 
an Identified appendix to the related 
application for license or amendment 
of license. The application for exemp
tion must list all sections or sub
sections of Part I of the Act for which 
exemption is requested . 

[Order 106, 45 FR 76123, Nov. 18, 1980] 

Subpart L-Applicatlon for 
Amendment of License 

§ 4.200 Applicability, 

This part applies to any application 
for amendment of a license, if the ap
plicant seeks to: 

(a) Make a change in the physical 
features of the project or its boundary, 
or make an addition, betterment, aban
donment, or conversion, of such char
acter as to constitute an alteration of 
the license; 

(b) Make a change in the plans for 
the project under license ; or 

(c) Extend the time fixed in the li
cense for commencement or comple
tion of project works. 

[Order 184, 46 FR 55943, Nov. 13, 1981, as 
amended by Order 2002, 68 FR 51121, Aug. 25, 
2003] 

§ 4,201 Contents of application, 

An application for amendment of a 
license for a water power project must 
contain the following information in 
the form specified. 
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order as may be appropriate. If a pro
test is filed, a public hearing will be or
dered in accordance with subpart E of 
part 385 of this chapter. 

[Order 141, 12 FR 8485, Dec. 19, 1947, as 
amended by Order 225, 47 FR 19056, May 3, 
1982] 

§ 4.24 Determination of cost. 

The Commission, after receipt of the 
reports, or after the conclusion of the 
hearing if one is held, will determine 
the amounts to be included in the elec
tric plant accounts of the licensee as 
the cost of the property and the ac
crued depreciation thereon. 

~ 4.25 Findings. 
(a) Commission determination . Final 

action by the Commission will be in 
the form of an order served upon all 
parties to the proceeding. One copy of 
the order shall be furnished to the Sec
reta1·y o f" T reasu ry by Lhe Commission. 

(b) Adjustment to licensee's boo/( . T h e 
li ce nsee ' books of a ccount for t he 
project shall be adjusted to confonn to 
the actual legitimate cost as revised by 
t he orde r of the Commission. These ad
justments and the project may be au
dited by Commission representatives, 
as scheduled. 

!Order 53 , 44 FR 61949, Oct. 29, 1979] 

Subpart D- Application for Pre
liminary Permit, License or Ex
emption: General Provisions 

AUTHORITY: Federal Power Act, as amend
ed . 16 U.S .C. 792-828c; Depar tment of Energy 
Organization /\ct . 42 U.S.C. 7101 - 7352; E.O. 
I WOU, 42 FR 4626'/ ; Public Utility Regulatory 
Policies Act of 1978, 16 U.S.C. 2601-2645; Pub. 
L 96-511, 94 Stat. 2812 (44 U.S .C. 3501 et seq.). 

§ 4.30 Applicability and definitions. 
(a) (I) This subpart applies to appli

cations for preliminary permit, license, 
or exemption from licensing. 

(2) Any potential applicant for an 
original license for which preflling con
sultation begins on or after July 23, 
2005 and wh ich wishes to develop and 
file its application pursuant to this 
part. must seek Commission authoriza
tion to do so pursuant to the provisions 
of part 5 of this chapter. 

(b) For the purposes of this part-
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(!) (i) Competing development applica
tion means any application for a li
cense or exemption from 1 icensing for a 
proposed water power project that 
would develop, conserve, and utilize, in 
whole or in part, the same or mutually 
exclusive water resources that would 
be developed, conserved, and utilized 
by a proposed water power project for 
which an initial preliminary permit or 
Initial development application has 
been filed and is pending before the 
Commission. 

(ii) Competing preliminary permit appli
catton means any application for a pre
liminary permit for a proposed water 
power project that would develop, con
serve, and utilize, in whole or in part, 
the same or mutually exclusive water 
resources that would be developed, con
served and utilized by a proposed water 
power project for which an initial pre
liminary permit or initial development 
application has been filed and is pend
ing before the Commission. 

(2) Conduit means any tunnel, canal, 
pipeline, aqueduct, flume, ditch . or 
similar manmade water conveyance 
that is operated for the distribution of 
water for agricultural, municipal, or 
industrial consumption and not pri
marily for the generation of elec
tricity. The term not primarily for the 
generation of electricity includes but is 
not limited to a conduit : 

(!) Which was built for the distribu
tion of water for agricultural, munic
ipal, or industrial consumption and is 
operated for such a pu rpose : and 

(ii) To which a hydroe lectric facility 
has been or is proposed to be added. 

(3) Construction of a dam, for the pur
poses of provisions governlr1g appllca
tlon for exe mption of a smal l conduit 
hydroelectric facility , means any con
struction, repair, reconstruction, or 
modification of a dam that creates a 
new lmpoundment or increases the nor
mal maximum surface elevation or the 
normal maximum surface area of an 
existing impoundment. 

(4) (i) Dam, for the purposes of provi
sions governing app l ication for license 
of a major proj ect-existing clam, 
means any structure for impounding or 
diverting water. 

(ii) Dam, for the purposes of provi
sions governing application for exemp
tion of a small conduit hydroelectric 
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facility, means any structure that im
pounds water, 

(iii) Dam, for the purposes of provi
sions governing application for exemp
tion of a small hydroelectric power 
project, means any SLructure for lm
pou11ding water, includ·fn g any diver
sion s tructure that is designed to ob
struct all or substantially all of the 
flow of a natural body of water. 

(5) Development application means any 
application for either a license or ex
emption from licensing for a proposed 
water power project. 

(6)(1) Existing dam, for the purposes of 
provisions governing app lication for li
cense of a major project- existing dam, 
means any dam (as defined in para
graph (b)(4)(i) of this section) that has 
already been constructed a nd which 
does not require any construction or 
enlargement of impoundment struc
tures other than repairs or reconstruc
tion. 

(1 I) Exisclng dam, for the purpo es of 
provisJons gove i-n.lng applicatJon for 
exemption of a small hydroelectric 
powl:lr project, means any dam, the 
cons truction or which was comp leted 
on or before April 20, 1977, and which 
does not require any construction or 
enlargement of impoundment struc
tures (other than repairs or reconstruc
tion) in connection with the installa
tion of any small hydroelectric power 
project. 

(7) E;,;i. ting lmpoundment, for the pur
pos or provlsion governing applica
tion for license of a major project-ex
isting dam, mean any body of water 
Lhat an existing dam impounds. 

(8) Federal lands, for the purposes of 
pr:ovislons governlng app l I ca tion !'or 
exemp ion of 0 s mall hydroe lecLrl 
powe r project, means any lands to 
whlch Lhe United Stat-es holds fee titl e, 

(9) (I) Fish and wildlif'e agencies means 
the United States [-'!sh and Wild llfe 
Service, the National Marine Fisheries 
Service, and the state agency in charge 
of administrative management over 
fish and wildlife resources of the state 
in which a proposed hydropower 
project is located. 

(ii) Fish and wildlife recommendation 
means any recommendation designed 
to protect, mitigate damages to, or en
hance any wild rnemb •r of the animal 
kingdom, Including any migratory or 
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nonmigratory mammal, fish, bird, am
phibian, reptile, mollusk , crustacean, 
or other Invertebrate, whether or not 
bred, hatched, or- born in captivity, and 
includes any egg or offspring thereof, 
related breeding or spawning grounds, 
and habitat . A "fish and wildlife rec
ommendation" includes a request for a 
study which cannot be completed prior 
to licensing, but does not include a re
quest that the proposed project not be 
constructed or operated, a request for 
additional pre-licensing studies or 
analysis or, as the term is used in 
§§4.34(e)(l) and 4.34(f)(3), a rec
ommendation for facilities, programs, 
or other measures to benefit recreation 
or tourism. 

(10) Indian tribe means, in reference 
to a proposal to apply for a license or 
exemption for a hydropower project, an 
Indian tribe which is recognized by 
treaty with the United States, by fed
eral statute, or by the U.S. Department 
of the Interior in its periodic listing of 
tribal governments in the FEDERAL 
REGISTER in accordance with 25 CFR 
83.6(b). and whose legal rights as a 
tribe may be affected by the develop
ment and operation of the hydropower 
project proposed (as where the oper
ation of the proposed project could 
interfere with the management and 
harvest of anadromous fish or where 
the project works would be located 
within the tribe's reservation). 

(l J)(i) Initial development application 
means any acceptable application for 
either a license or exemption from li
censing for a proposed water power 
project that would develop, conserve, 
and utilize, in whole or in part, water 
resources for which no other acceptable 
application for a license or exemption 
from licensing has been submitted for 
filing and Is pending before the Com
mission. 

(ii) Initial preliminary permit applica
tion means any acceptable application 
for a preliminary permit for a proposed 
water power project that would de
velop, conserve, and utilize, in whole or 
in part, water resources for which no 
other acceptable preliminary permit 
application has been submitted for fil
ing and is pending before the Commis
sion. 
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(12) Install or increase, for the pur
poses of provisions governing applica
tion for exemption of a small hydro
electric power project, means to add 
new generating capacity at a site that 
has no existing generating units. to re
place or rehabilitate an abandoned or 
unused existing generating unit, or to 
increase the generating capacity of any 
existing power plant by installing an 
additional generating unit or by reha
bilitating an operable generating unit 
in a way that increases its rated elec
tric power output. 

(13) Licensed water power project 
means a project, as defined in section 
3(11) of the Federal Power Act, that is 
licensed under Part I of the Federal 
Power Act. 

(14) Major modified project means any 
major project-existing dam, as defined 
in paragraph (b)(16) of this section, 
that would include: 

(i) Any repair, modification or recon
struction of an existing dam that 
would result in a significant change in 
the normal maximum surface area or 
the normal maximum surface elevation 
of an existing impoundment; or 

(ii) Any cha nge in existing project 
works or operaLions that wou ld result 
in a significant environmental impact. 

(15) Major unconstructed project means 
any unlicensed water power project 
that would: 

(i) Have a total installed generating 
capacity of more than 1.5 MW; and 

(ii) Use the water power potential of 
a dam and impoundment which, at the 
time application is filed, have not been 
constructed. 

(16) Major project-existing dam means 
a licensed or unl!censed, existing or 
proposed water power project that 
would: 

(i) Have a total installed generating 
capacity or more than 2,000 horsepower 
(1.5 MW); and 

(ii) Not use the water power potential 
provided by any dam except an existing 
dam . 

(17) Minor water power project means 
any I lcensed or unJ lcensed, existing or 
proposed water power project that 
would have a total installed generation 
capacity of 2,000 horsepower (1.5 MW). 
or less. 

(18) New development, for the purposes 
of provisions governing application for 
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license of a major project-existing 
dam, means any construction, installa
tion, repair, reconstruction, or other 
change in the existing state of project 
works or appurtenant facilities, includ
ing any dredging and filling in project 
waters. 

(19) New license means any license, 
except an annual license issued under 
section 15 of the Federal Power Act, for 
a water power project that is issued 
under the Federal Power Act after the 
initial license for that project. 

(20) (I) Non-Federal lands, for the pur
poses of provisions governing applica
tion for exemption of a small conduit 
hydroelectric facility, means any lands 
except lands to which the United 
States holds fee title. 

(ii) Non-Federal lands, for the pur
poses of provisions governing applica
tion for exemption of a small hydro
electric power project, mean any lands 
other than Federal lands defined in 
paragraph (b) (8) of this section. 

(21) Person means any individual and, 
as defined in section 3 of the Federal 
Power Act, any corporation, munici
pality, or state. 

(22) Project, for the purposes of provi
sions governing appllcation for exemp
tion of a small hydroelectric power 
project, means: 

(i) The impoundment and any associ
ated dam, intake, water conveyance fa
cility, power plant, primary trans
mission line, and other appurtenant fa
cility if a lake or similar natural im
poundment or a manmade impound
ment is used for power generation; or 

(ii) Any diversion structure other 
than a dam and any associated water 
conveyance facility, power plant, pri
mary transmission line, and other ap
purtenant facility if a natural water 
feature other than a lake or similar 
natural impoundment is used for power 
generation. 

(23) Qualified exemption appllcant 
means any person who meets the re
quirements specified in §4.3l(b)(2) with 
respect to a small hydroelectric power 
project for which exemption from li
censing is sought . 

(24) Quallfied llcense applicant means 
any person to whom the Commission 
may issue a license, as specified in sec
tion 4(e) of the Federal Power Act. 
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(25) Ready for environmental analysis 
means the point in the processing of an 
application for an original or new li
cense or exemption from licensing 
which has been accepted for filing, 
where substantially all additional in
formation requested by the Commis
sion has been filed and found adequate. 

(26) Real property interests, for the 
purposes of provisions governing appli
cation for exemption of a small conduit 
hydroelectric facility or a small hydro
electric power project, includes owner
ship in fee, rights-of-way, easements, 
or leaseholds. 

(27) Resource agency means a Federal, 
state, or interstate agency exercising 
administration over the areas of flood 
control, navigation, irrigation, recre
ation, fish and wildlife, water resource 
management (including water rights), 
or cultural or other relevant resources 
of the state or states in which a project 
is or will be located . 

(28) Small conduit hydroelectric facility 
means an existing or proposed hydro
electric facility that is constructed, 
operated, or maintained for the genera
tion of elec t ric power, and includes all 
structures, fixtures, equipment, and 
la nds used and useful in the operation 
or maintenance of the hydroelectric fa
c l Illy, but excludes the conduit on 
wh ich the hydroelectric facility is lo
cated or the transmission lines associ
ated with the hydroelectric facility and 
which: 

(i) Utilizes for electric power genera
tion the hydroelectric potential of a 
conduit; 

(ii) ls located entirely on non-Federal 
lands, as defined in paragraph (b) (20)(i) 
of this section; 

(iii) Has an installed generating ca
pacity of 15 MW or less; 

(iv) Is not an integral part of a dam; 
(v) Discharges the water it uses for 

power generation either: 
(A) Into a conduit; 
(8) Directly to a point of agricul

tural. municipal, or industrial con
sumption; or 
· (C) Into a natural water body if a 
quantity of water equal to or greater 
than the quantity discharged from the 
hydroelectric facility is withdrawn 
from that water body downstream into 
a conduit that Is part of the same 
water supply system as the conduit on 
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which the hydroelectric facility Is lo
cated; and 

(vi) Does not rely upon construction 
of a dam, which construction will cre
ate any portion of the hydrostatic head 
that the facility uses for power genera
tion unless that construction would 
occur for agricultural, municipal, or 
industrial consumptive purposes even 
if hydroelectric generating facilities 
were not installed . 

(29) Small hydroelectric power project 
means any project In which capacity 
will be Installed or Increased after the 
date of notice of exemption or applica
tion under subpart K of this chapter, 
which will have a total installed capac
ity of not more than 5 MW, and which: 

(i) Would utilize for electric power 
generation the water power potential 
of an existing dam that is not owned or 
operated by the United States or by an 
instrumentality of the Federal Govern
ment, including the Tennessee Valley 
Authority; or 

(ii)(A) Would utilize for the genera
tion of electricity a natural water fea
ture, such as a natural lake, waterfall, 
or the gradient of a natural stream, 
without the need for a dam or man
made impoundment; and 

(B) Would not re t ain water behind 
any structure for the purpose of a stor
age and re lease o peration. 

(30) PU/?PA benefits means benefits 
under section 210 of the Public Utility 
Regulatory Policies Act of 1978 
(PURPA) . Section 2J0(a) of PURPA re
quires electric utilities to purchase 
electricity from, _and to sell electricity 
to, qualifying facilities. 

!Order 413, 50 FR 11676, Mar. 25. 1985, as 
amended by Order 487 , 52 FR 48404. Dec. 22 , 
1987; Order 499, 53 FR 27001. July 18. 1988 ; 
Order 503, 53 FR 36567, Sept. 21, 1988; Order 
533, 56 FR 23146, May 20, 1991: 56 FR 61154, 
Dec. 2, 1991; Order 533-A, 57 FR 10809, Mar. 31, 
1992; 59 FR 10577, Mar. 7, 1994; Orde r 2002, 68 
FR 51115 , Aug. 25, 2003] 

§ 4,31 Initial or competing application: 
who may file. 

(a) Application for a preliminary permit 
or a license. Any citizen, association of 
citizens , domestic corporation, munici
pality, or state may submit for filing 
an initial application or a competing 
application for a preliminary permit or 
a license for a water power project 
under Part I of the Federal Power Act. 
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(b) Application for exemption of a small 
conduit hydroelectric facility-(!) Exemp
tion from provlslons other than licensing. 
Any citizen, association of citizens, do
mestic corporation, municipality, or 
state that has all of the real property 
interests in the lands necessary to de
velop and operate that project, or an 
option to obtain those interests, may 
apply for exemption of a small conduit 
hydroelectric facility from provisions 
of Part I of the Federal Power Act, 
other than licensing provisions. 

(2) Exemption from licensing. Any per
son having all the real property inter
ests in the lands necessary to develop 
and operate the small conduit hydro
electric facility, or an option to obtain 
those interests, may apply for exemp
tion of that facility from licensing 
under Part I of the Federal Power Act, 

(c) Appllcation for case-speclflc exemp
tion of a small hydroelectric power 
project-(!) Exemption from provisions 
other than licensing. Any qualified li
cense applicant or licensee seeking 
amendment of its license may apply for 
exemption of the related project from 
provisions of Part I of the Federal 
Power Act other than licensing provi
sions. 

(2) Exemption from llcenslng-(i) Only 
Federal lands involved. If only rights to 
use or occupy Federal lands would be 
necessary to develop and operate the 
proposed small hydroelectric power 
project, any person may apply for ex
emption of that project from licensing. 

(ii) Some non-Federal lands involved. If 
real property interests in any non-Fed
eral lands would be necessary to de
velop and operate the proposed small 
hydroelectric power project, any per
son who has all of the real property in
terests in non-Federal lands necessary 
to develop and operate that project, or 
an option to obtain those interests, 
may apply for exemption of that 
project from licensing. 

[Order 413, 50 FR 11678, Mar. 25, 1985] 

§ 4.32 Acceptance l'or filh1g or rejec
Uon; information to be made avu.iJ
·able to the public; requests fm· ad
ditional studies. 

(a) Each application must: 
(I) For a preliminary permit or li

cense, identify every person, citizen, 
association of citizens, domestic cor-
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poratlon, municipality, or state that 
has or intends to obtain and will main
tain any proprietary right necessary to 
construct, operate, or maintain the 
project; 

(2) For a preliminary permit or a li
cense, identify (providing names and 
mailing addresses): 

(i) Every county in which any part of 
the project, and any Federal facilities 
that would be used by the project, 
would be located; 

(ii) Every city, town, or similar local 
political subdivision: 

(A) In which any part of the project, 
and any Federal facilities that would 
be used by the project, would be lo
cated; or 

(B) That has a population of 5,000 or 
more people and is located within 15 
miles of the project dam; 

(iii) Every irrigation district, drain
age district, or similar special purpose 
political subdivision: 
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(A) In which any part of the project, 
and any Federal facilities that would 
be used by the project, would be lo
cated; or 

(B) That owns, operates, maintains, 
or uses any project facilities or any 
Federal facilities that would be used by 
the project; 

(iv) Every other political subdivision 
in the general area of the project that 
there is reason to believe would likely 
be interested in, or affected by, the ap
plication: and 

(v) All Indian tribes that may be af
fected by the project. 

(3)(i) For a license (other than a ll
cense under section 15 of the Federal 
Power Act) state that the applicant 
has made, either at the time of or be
fore filing the application, a good faith 
effort to give notification by certified 
mail of the filing of the application to: 

(A) Every property owner of record of 
any interest in the property within the 
bounds of the project, or in the case of 
the project without a specific bound
ary, each such owner of property which 
would underlie or be adjacent to any 
project works including any impound
ments; and 

(B) The entities identified in para
graph (a) (2) of this section, as well as 
any other Federal. state, municipal or 
other local government agencies that 
there is reason to believe would likely 
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appropriate action under this chapter 
or the Federal Power Act. 

(h) A prospective applicant, prior to 
submitting Its application for filing, 
may seek advice from the Commission 
staff regarding the sufficiency of the 
application. For this purpose, five cop
ies of the draft application should be 
submitted to the Director of the Divi
sion of Hydropower, Environment and 
Engineering. An applicant or prospec
tive applicant may confer with the 
Commission staff at any time regard
ing deficiencies or other matters re
lated to its appllcation. All conferences 
are subject to the requirements of 
§ 385.2201 of this chapter governing ex 
parte communications. The opinions or 
advice of the staff will not bind the 
Commission or any person delegated 
authority to act on its behalf. 

(i) Intervention in any preliminary 
permit proceeding will not constitute 
intervention in any subsequent licens
ing or exemption proceeding. 

Ul Any application, the effectiveness 
of which is conditioned upon the future 
occurrence of any event or cir
cumstance, will be rejected. 

(kl Critical Energy Infrastructure In
formation . (I) If this section requires an 
applicant to reveal Critical Energy In
frastructure Infonnallon (CEII). as de
fined in § 388. l 13(c) of this chapter, to 
any person, the applicant shall omit 
the CEII from the information made 
available and insert the following In Its 
place: 

(i) A statement that CEII is being 
withheld; 

(ii) A brief description of the omitted 
information that does not reveal any 
CEIi; and 

(iii) This statement: "Procedures for 
obtaining access to Critical Energy In
frastructure Information (CEII) may be 
found at 18 CFR 388. 113. Requests for 
access to CEII should be made to the 
Commission's CEII Coordinator.'' 

(2) The applicant, in determining 
whether information constitutes CEII, 
shall treat the information in a man
ner consistent with any filings that ap
plicant has made with the Commission 
and shall to the extent practicable ad
here to any previous determinations by 
the Commission or the CEII Coordi
nator involvlng the same or like infor
mation. 
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(3) The procedures contained in 
§§ 388.112 and 388.113 of this chapter re
garding designation of, and access to, 
CEII, shall apply in the event of a chal
lenge to a CEII designation or a re
quest for access to CEIL If it ls deter
mined that information ls not CEII or 
that a requester should be granted ac
cess to CEII, the applicant wlll be di
rected to make the information avail
able to the requester. 

(4) Nothing in this section shall be 
construed to prohibit any persons from 
voluntarily reaching arrangements or 
agreements calling for the disclosure of 
CEII. 

[Order 413, 50 FR l 1G78, Mar. 25, 1985, as 
amended by Order 480, 52 FR 37285, Oct. 6, 
1987; Order 487, 52 FR 48404, Dec. 22, 1987; 
Order 499, 53 FR 27001, July 18, 1988; Order 
533, 5G FR 23147, May 20, 1991; 56 FR 61155, 
Dec. 2, 1991; Order 540, 57 FR 21737, May 22, 
1992; Order 2002, 68 FR 51115, Aug. 25, 2003; 
Order 643, 68 FR 52094, Sept. 2, 2003; 68 FR 
61742, Oct. 30, 2003I 

§ 4.33 Limitations on submitting appli
cations. 

(a) Limitations on submission and ac
ceptance of a preliminary permit applica
tion. The Commission will not accept 
an application for a preliminary permit 
for project works that: 

(I) Would develop, conserve, and uti
lize, In whole or in part, the same 
water resources that would be devel
oped, conserved, and utilized by a 
project for which there is an unexpired 
preliminary permit. 

(2) Would Interfere with a licensed 
project in a manner that, absent the li
censee's consent, would be precluded by 
Section 6 of the Federal Power Act. 

(3) Would develop, conserve, and uti
lize, In whole or in part, the same 
water resources that would be devel
oped, conserved, and utilized by a 
project for which an initial develop
ment application has been filed unless 
the preliminary permit application ls 
filed not later than the time allowed 
under §4.36(a) for the filing of applica
tions in competition against an initial 
application for a preliminary permit 
that would develop, conserve, and uti
lize, in whole or in part, the same re
sources. 

(b) Limitations on submissions and ac
ceptance of a license appllcation. The 
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Commission will not accept an applica
tion for a license or project works that 
would develop, conserve, or utilize, in 
whole or part, the same water re
sources that would be developed, con
served, and utilized by a project for 
which there ls: 

(1) An unexpired preliminary permit, 
unless the permittee has submitted an 
application for license: or 

(2) An unexpired license. as provided 
for in Section 15 of the Federal Power 
Act. 

(c) Limitations on submission and ac
ceptance of an application for a license 
that would affect an exempced project. (I) 
Except as permitted under §4.33(c)(2), 
§4.94(d), or §4.106 (c), (e) or (f), the 
Commission will not accept an applica
tion for a license for project works that 
are already exempted from licensing 
under this part. 

(2) If a project is exempted from li
censing pursuant to §4.103 or §4.109 and 
real property inlerests in any non-Fed
eral lands would be necessary to de
velop or operate the project, any per
son who is both a qualified license ap
plicanl and ha any of those real prop
erty Interests in non- ecleral lands 
may submi t a license a pplication f"o r 
that project. If a license app.lication ls 
submi tted under this clause, any other 
qualified license applicant may submit 
a competing license application in ac
cordance with§ 4.36. 

(d) Limitations on submission and ac
ceptarice or exemption applfcatlons- (1) 
UnexpJ,y,d pormll or license. (l) If there is 
an unexpired permi t i11 effe l for a 
project, the Comm ission w t II accept tin 
app l icatlon for exemption of t hat 
pro] ct from Ileen Ing only 11' th ex
emption applicant is the permittee. 
Upon ace ptance for filing of the per
mittee's appl.ication, the permit will be 
considered to have expired. 

(ii) If there is an unexpired license in 
effect for a project, the Commission 
will accept an application for exemp
tion of that project from licensing only 
if the exemption applicant is the li
censee. 

(2) Pending license applications. If an 
accepted license application for a 
project was submJtted by a perm1 ccee 
before the preliminary permit ei<plred, 
the Commission will not accept an ap
plication for exemption of that project 

82 

18 CFR Ch. I (4-1-04 Edition) 

from licensing submitted by a person 
other than the former permittee. 

(3) Submitted by qualified exemption ap
plicant. If the first accepted license ap
plication for a project was filed by a 
qualified exemption applicant, the ap
plicant may request that its license ap
plication be treated initially as an ap
plication for exemption from licensing 
by so notifying the Commission in 
writing and, unless only rights to use 
or occupy Federal lands would be nec
essary to develop and operate the 
project, by submitting documentary 
evidence showing that the applicant 
holds the real property interests re
quired under § 4.31. Such notice and 
documentation must be submitted not 
later than the last date for filing pro
tests or motions to int€rvene pre
scribed in the public notice issued for 
its license application under§ 4.32(d)(2). 

(e) Priority of exemption applicant's 
earlier permit or license application. Any 
accepted preliminary permit or license 
application submitted by a person who 
later applies for exemption of the 
project from licensing will retain its 
validity and priority under this sub
part until the preliminary permit or li 
cense application is withdrawn or the 
project is exempted from licensing. 

JOrder 413, 50 FR 11680, Mar. 25, 1985, as 
amended by Order 499, 53 FR 27002, July 18, 
1988; Order 2002, 68 FR 51116, Aug. 25, 20031 

~ 4,34 Heat·ings on application s; con
sultation on terms and conditions• 
motions to intervene; alternative 
procedures. 

(a) Trial-type hearing. The Commis
sion may order a trial-type hearing on 
an application for a preliminary per
mit, a license, or an exemption from li
censing upon either its own motion or 
the motion of any intere c d party of 
record. Any trial-type hearing will be 
limited to the Issues prescribed by 
order of the Commission. In all other 
cases the hearings will be conducted by 
notice and comment procedures. 

(b) Notice and comment hearings. All 
comments (including mandatory and 
recommended terms and conditions or 
prescriptions) on an application for ex
emption or license must be filed with 
the Commission no later than 60 days 
after issuance by the Commission of 
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State, and interstate resource agen
cies, including the National Marine 
Fisheries Service, the United States 
Fish and Wildlife Service, the National 
Park Service, the United States Envi
ronmental Protection Agency, the Fed
eral agency administering any United 
States lands or facilities utilized or oc
cupied by the project, the appropriate 
State fish and wildlife agencies, the ap
propriate State water resource man
agement agencies, the certifying agen
cy under section 401 (a) (I) of the Federal 
Water Pollution Control Act (Clean 
Water Act). 33 U.S.C. §134l(c)(l), and 
any Indian tribe that may be affected 
by the proposed project. 

(2) Each requirement in this section 
to contact or consult with resource 
agencies or Indian tribes shall be con
strued to require as well that the po
tential applicant contact or consult 
with members of the public. 

(3) If a potential applicant for an 
original license commences first stage 
pre-filing consultation on or after July 
23, 2005 it shall file a notification of in
tent to file a license application pursu
ant to § 5.5 and a pre-application docu
ment pursuant to the provisions of 
§ 5.6. 

(4) The Director of the Office of En
ergy Projects will, upon request, pro
vide a list of known ap1l roprlate Fed
eral, state, and interstate resource 
age n ies, lndl an ribes, and loc.:11, re
gional. or 111-)Uonal non-gove rnmental 
or-ganizations likely to be inierested in 
any license application proceeding. 

(5) An applicant for an exemption 
from licensing or an applicant for a li
cense seeking benef! ts under section 
210 of the Public Utility Regulatory 
Policies Act, as amended, for a project 
that would be located at a new dam or 
diversion must, in addition to meeting 
the requirements of this section, com
ply with the consultation requirements 
in § 4.301. 

(6) The pre-filing consultation re
quirements of this section apply only 
to an application for: 

(i) Original license; 
(ii) Exemption; 
(iii) Amendment to an application for 

orlglna l license or exe mption thaL ma
terial ly amends he proposed p.lans of 
development as defined in 4.3!i{f)( I); 
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(iv) Amendment to an existing li
cense that would increase the capacity 
of the project as defined in §4.20l(b); or 

(v) Amendment to an existing license 
that would not increase the capacity of 
the project as defined in § 4.201 (b), but 
that would involve: 

(A) The construction of a new dam or 
diversion in a location where there is 
no existing dam or diversion; 

(B) Any repair, modification, or re
construction of an existing dam that 
would result in a significant change in 
the normal maximum surface area or 
elevation of an existing impoundment; 
or 

(C) The addition of new water power 
turbines other than to replace existing 
turbines. 

(7) Before it files a non-capacity re
lated amendment as defined in 
§ 4.201(c). an applicant must consult 
with the resource agencies and Indian 
tribes listed in paragraph (a) (I) of this 
section to the extent that the proposed 
amendment would affect the Interests 
of the agencies or tribes. When con
sultation is necessary, the applicant 
must, at a minimum, provide the re
source agencies and Indian tribes with 
copies of the draft application and 
allow them at least 60 days to com
ment on the proposed amendment. The 
amendment as filed with the Commis
sion must summarize the consultation 
with the resource agencies and Indian 
tribes on the proposed amendment, 
propose reasonable protection, mitiga
tion, or enhancement measures to re
spond to Impacts identified as being 
caused by the proposed amendment, 
and respond to any objections, rec
ommendations, or conditions sub
mitted by the agencies or Indian tribes. 
Copies of all written correspondence 
between the applicant, the agencies, 
and the tribes must be attached to the 
application. 

(8) This section does not apply to any 
application for .a new license, a 
nonpower license, a subsequent license, 
or surrender of a license subject to sec
tions 14 and 15 of the Federal Power 
Act. 

(9) If a potential applicant has any 
doubt as to whether a particular appli
cation or amendment would be subject 
to the pre-filing consultation require
ments of this section or if a waiver of 
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the pre-filing requirements would be 
appropriate, the applicant may file a 
written request for clarification or 
waiver with the Director, Office of En
ergy Projects. 

(b) First stage of consultation. {!) A po
tential applicant for an original license 
that commences pre-filing consultation 
on or after July 23, 2005 must, at the 
time it files its notification of intent 
to seek a license pursuant to §5.5 of 
this chapter and a pre-application doc
ument pursuant to § 5.6 of this chapter 
and, at the same time, provide a copy 
of the pre-application document to the 
entities specified in §5.6(a) of this 
chapter. 

(2) A potential applicant for an origi
nal license that commences pre-filing 
consultation under this part prior to 
July 23, 2005 or for an exemption must 
promptly contact each of the appro
priate resource agencies, affected In
dian tribes, and members of the public 
likely to be interested in the pro
ceeding; provide them with a descrip
tion of the proposed project and sup
porting information: and confer with 
them on project design, the impact of 
the proposed project (including a de
scription of any existing facilities, 
their operation, and any proposed 
changes), reasonable hydropower alter
natives, and what studies the applicant 
should conduct. The potential appli
cant must provide to the resource 
agencies, Indian tribes and the Com
mission the following information: 

(i) Detailed maps showing project 
boundaries, if any, proper land descrip
tions of the entire project area by 
township, range, and section, as well as 
by state, county, river, river mile, and 
closest town, and also showing the spe
cific location of all proposed project fa
cilities, including roads, transmission 
lines, and any other appurtenant facili
ties; 

(ii) A general engineering design of 
the proposed project, with a descrip
tion of any proposed diversion of a 
stream through a canal or penstock; 

(iii) A summary of the proposed oper
ational mode of the project; 

(iv) Identification of the environment 
to be affected, the significant resources 
present, and the applicant's proposed 
environmental protection, mitigation, 
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and enhancement plans, to the extent 
known at that time; 

(v) Streamflow and water regime in
formation, including drainage area, 
natural flow periodicity, monthly flow 
rates and durations, mean flow figures 
Illustrating the mean daily streamflow 
curve for each month of the year at the 
point of diversion or lmpoundment, 
with location of the stream gauging 
station, the method used to generate 
the streamflow data provided, and cop
ies of all records used to derive the 
flow data used In the applicant's engi
neering calculations; 

(vi) (A) A statement (with a copy to 
the Commission) of whether or not the 
applicant will seek benefits under sec
tion 210 of PURPA by satisfying the re
quirements for qualifying hydro
electric small power production facili
ties in § 292.203 of this chapter: 

(B) If benefits under section 210 of 
PURPA are sought, a statement on 
whether or not the applicant believes 
diversion (as that term is defined in 
§292.202(p) of this chapter) and a re
quest for the agencies' view on that be
lief, if any; 

(vii) Detailed descriptions of any pro
posed studies and the proposed meth
odologies to be employed; and 

(viii) Any statement required by 
§4.30l{a) of this part. 

(3) (i) A potential exemption appli
cant and a potential applicant for an 
original license that commences pre
filing consultation; 

(A) On or after July 23, 2005 pursuant 
to part 5 of this chapter and receives 
approval from the Commission to use 
the license application procedures of 
part 4 of this chapter; or 

(B) Elects to commence pre-filing 
consultation under part 4 of this chap
ter prior to July 23, 2005; must: 

(1) Hold a joint meeting at a conven
ient place and time, including an op
portunity for a site visit, with all per
tinent agencies, Indian tribes, and 
members of the public to explain the 
applicant's proposal and its potential 
environmental impact, to review the 
information provided, and to discuss 
the data to be obtained and studies to 
be conducted by the potential appli
cant as part of the consultation proc
ess; 
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(2) Consult with the resource agen
cies, Indian tribes and members of the 
public on the scheduling and agenda of 
the joint meeting: and 

(3) No later than 15 days in advance 
of the joint meeting, provide the Com
mission with written notice of the time 
and place of the meeting and a written 
agenda of the Issues to be discussed at 
the meeting . 

(ii) The joint meeting must be held 
no earlier than 30 days, but no later 
than 60 days, from, as applicable; 

(A) The date of the Commission 's ap
proval of the potential applicant's re
quest to use the license application 
procedures of this part pursuant to the 
provisions of part 5 of this chapter: or 

(B) The date of the potential appli
cant's letter transmitting the informa
tion required by paragraph (b)(2) of this 
section, in the case of a potential ex
emption applicant or a potential li
cense applicant that commences pre
filing consultation under this part 
prior to July 23, 2005. 

(4) Members of the public must be in
formed of and invited to attend the 
joinl meeting held pursuant to para
g raph (b)(3) of this section by means of 
the public notice provision published in 
accordance with paragraph (g) of this 
section. Members of the public attend
ing the meeting are entitled to partici
pate in the meeting and to express 
their views regarding resource issues 
that should be addressed in any appli
cation for license or exemption that 
may be filed by the potential appli
cant. Attendance of the public at any 
site visit held pursuant to paragraph 
(b)(3) of this section will be at the dis
cretion of the potential applicant. The 
potential applicant must make either 
audio recordings or written transcripts 
of the joint meeting, and must prompt
ly provide copies of these recordings or 
transc ripts to the Commission a nd , 
upon requ est, to any resource agency, 
Indian tribe, or member of the public. 

(5) Not later than 60 days after the 
joint meeting held under paragraph 
(b)(3) of this Section (unless extended 
within t his time period by a resource 
agency, Indian tribe, or members of t he 
public for an additional 60 days by 
sending written notice to the applicant 
and the Director of the Office of En
ergy Projects within the first 60 day 
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period, with an explanation of the basis 
for the extension), each interested re
source agency and Indian tribe must 
provide a potential applicant with 
written comments: 

(i) Identifying its determination of 
necessary studies to be performed or 
the information to be provided by the 
potentia l applicant: 

(ii) Identifying the basis for its deter
mination: 

(ill) Discussing its understanding of 
the resource issues and l ts goals and 
objec tive for these r sourc es : 

(iv) Explaining why each study meth
odology recommended by it is more ap
propriate than any other available 
methodology alternatives, lnclud Ing 
Lhose Identified by the potential ap11ll 
cant pursuant to paragraph (b)(2)(vii) 
of this section: 

(v) Documenting that the use of each 
study methodo logy recommended by it 
Is a gene r a lly a ccepted prac llce: and 

(vi) Explaining how the s t udi es and 
information requested will be useful to 
the agency, Indian tribe, or membe r of 
the public in furthering its resource 
goals and objectives that are affected 
by the proposed project. 

(6)(i) If a potential applicant and a 
resource agency or Indian tribe dis
agree as to any matter a ri ing during 
the first stage of consulta t.icm or as to 
the need to conduct a study or g,i t her 
informalion re l'e1·enced In paragra ph 
(c)(2) of this section, the potential ap
plicant or resource agency or Indian 
tribe may r e fer Lhe dis pule i n writing 
to t:J1e Di rector of l he Office of Energy 
Project s (Director) for r eso lution. 

(ii) At the same time as the request 
for dispute resolution is submitted to 
the Director, the entity referring the 
dispute must serve a copy of its writ
ten request for resolution on the dis
agreeing party and any affected re
source agency or Indian tribe, which 
may submit to the Director a written 
response to the referral within 15 days 
of the referral's submittal to the Direc
tor. 

(iii) Written referrals to the Director 
and written responses thereto pursuant 
to paragraphs (b)(6)(i) or (b) (6)(1 i) of 
this section must be filed with the 
Commission in accordance with the 
Commission's Rules of Practice and 
Procedure, and must indicate that they 
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are for the attention of the Director 
pursuant to§ 4.38(b)(6). 

(iv) The Director will resolve the dis
putes by letter provided to the poten
tial applicant and all affected resource 
agencies and Indian tribes. 

(v) If a potential applicant does not 
refer a dispute regarding a request for 
a potential applicant to obtain infor
mation or conduct studies (other than 
a dispute regarding the information 
specified in paragraph (b) (2) of this sec
tion), or a study to the Director under 
paragraph (b)(6) of this section. or if a 
potential applicant disagrees with the 
Director's resolution of a dispute re
garding a request for information 
(other than a dispute regarding the in
formation specified in paragraph (b) (2) 
of this section) or a study, and if the 
potential applicant does not provide 
the requested information or conduct 
the requested study, the potential ap
plicant must fully explain the basis for 
its disagreement in its application. 

(vi) Filing and acceptance of an ap
plication will not be delayed, and an 
application will not be considered defi 
cient or patently deficient pursuant to 
§ 4.32(e) (I) or (e)(2) of this part, merely 
because the application does not in
clude a particular study or particular 
information if the Director had pre
viously found, under paragraph 
(b)(6) (iv) of this section, that each 
study or information is unreasonable 
or unnecessary for an informed deci
sion by the Commission on the merits 
of the application or use of the study 
methodology requested is not a gen
erally accepted practice. 

(7) The first stage of consultation 
ends when all participating agencies 
and Indian tribes provide the written 
comments required under paragraph 
(b) (5) of this section or 60 days after 
the joint meeting held under paragraph 
(b) (3) of this section, whichever occurs 
first, unles_s a resource agency or In
dian tribe timely notifies the applicant 
and the Director of Energy Projects of 
its need for more time to provide writ
ten comments under paragraph (b) (5) of 
this section, in which case the first 
stage of consultation ends when all 
participating agencies and Indian 
tribes provide the written comments 
required under paragraph (b)(5) of this 
section or 120 days after the joint 
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meeting held under paragraph (b) (5) of 
this section, whichever occurs first. 

(c) Second stage of consultation. (I) Un
less determined to be unnecessary by 
the Director pursuant to paragraph 
(b)(6) of this section, a potential appli
cant must diligently conduct all rea
sonable studies and obtain all reason
able information requested by resource 
agencies and Indian tribes under para
graph (b) of this section that are nec
essary for the Commission to make an 
informed decision regarding the merits 
of the application . These studies must 
be completed and the information ob
tained: 

{i) Prior to filing the application, if 
the results: 

(A) Would influence the financial 
(e.g., instream flow study) or technical 
feasibility of the project (e .g., study of 
potential mass soil movement); or 

(BJ Are needed to determine the de
sign or location of project features, 
reasonable alternatives to the project, 
the impact of the project on important 
natural or cultural resources (e.g. , re
source surveys). or suitable mitigation 
or enhancement measures , or to mini
mize impact on significant resources 
(e .g., wild and scenic river , anadromous 
fish, endangered species, caribou mi
gration routes); 

(II) After filing the application but 
before issuance of a license or exemp
tion. if the applicant otherwise com
plied with the provisions of paragraph 
(b) (2) of this section and the study or 
information gathering would take 
longer to conduct and evaluate than 
the time between the conclusion of the 
first stage of consultation and the expi
ration of the applicant's preliminary 
permit or the application filing dead
line set by the Commission; 

(Iii) After a new license or exemption 
is issued, if the studies can be con
ducted or the information obtained 
only after construction or operation of 
proposed facilities, would determine 
the success of protection, mitigation, 
or enhancement measures (e.g. , post
construction monitoring studies), or 
would be used to refine project oper
ation or modify project facilities. 

(2) If. after the end of the first stage 
of consultation as defined in paragraph 
(b)(7) of this section, a resource agency 
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or Indian tribe requests that the poten
tial applicant conduct a study or gath
er information not previously identi
fied and specifies the basis and rea
soning for its request, under para
graphs (b) (5) (i)-(vi) of this section, the 
potential applicant must promptly ini
tiate the study or gather the informa
tion, unless the study or information is 
unreasonable or unnecessary for an in
formed decision by the Commission on 
the merits of the application or use of 
the methodology requested by a re
source agency or Indian tribe for con
ducting the study is not a generally ac
cepted practice. The applicant may 
refer any such request to the Director 
of the Office of Energy Projects· for dis
pute resolution under the procedures 
set forth in paragraph (b) (6) of this sec
tion and need not conduct prior to fil
ing any study determined by the Direc
tor to be unreasonable or unnecessary 
or to employ a methodology that is not 
generally accepted. 

(3) (i) The results of studies and infor
mation-gathering referenced in para
graphs (c) (!)(ii) and (c) (2) of this sec
tlo n will be treated as additional infor
mation; and 

(ii) Filing and acceptance of an appli
cation will not be delayed and an appli
cation will not be considered deficient 
or patently deficient pursuant to § 4.32 
(e)(l) or (e)(2) merely because the study 
or Information gathering is not com
plete before the application is filed. 

(4) A potential applicant must pro
vide each resource agency and Indian 
tribe with: 

(i) A copy of its draft application 
that: 

(A) Indicates the type of application 
the potential appllcant expects to file 
with the Commission; and 

(B) Responds to any comments and 
rec·ommendations made by any re
source agency and Indian tribe either 
during the first stage of consultation 
or under paragraph (c)(2) of this sec
tion; 

(ii) The results of all studies and in
formation-gathering either requested 
by that resource agency or Indian tribe 
in the first sLage of consultation (or 
under paragraph (c) (2) of this section if 
available) or which pertain to re
sources of interest to that resource 
agency or Indian tribe and which were 
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identified by the potential applicant 
pursuant to paragraph (b) (2) (vii) of this 
section, including a discussion of the 
results and any proposed protection, 
mitigation, or enhancement measures; 
and 

(iii) A written request for review and 
comment. 

(5) A resource agency or Indian tribe 
will have 90 days from the date of the 
potential applicant's letter transmit
ting the paragraph (c) (4) information 
to it to provide written comments on 
the information submitted by a poten
tial applicant under paragraph (c)(4) of 
this section. 

(6) If the written comments provided 
under paragraph (c) (5) of this section 
Indicate that a resource agency or In
dian tribe has a substantive disagree
ment with a potential applicant's con
clusions regarding resource impacts or 
its proposed protection, mitigation, or 
enhancement measures, the potential 
applicant will: 

(i) Hold a joint meeting with the dis
agreeing resource agency or Indian 
tribe and other agencies with similar 
or related areas of interest, expertise, 
or responsibility not later than 60 days 
from the date of the written comments 
of the disagreeing agency o.r Indian 
tribe to discuss and to attempt to 
reach agreement on its plan for envi
ronmental protection, mitigation, or 
enhancement measures; 

(ii) Consult with the disagreeing 
agency or Indian tribe and other agen
cies with similar or related areas of in
terest, expertise, or responsibility on 
the scheduling of the joint meeting; 
and 

(ill) At least 15 days In advance of the 
meeting, provide the Commission with 
written notice of the time and place of 
the meeting and a written agenda of 
the issues to be discussed at the meet
ing. 

(7) The potential applicant and any 
disagreeing resource agency or Indian 
tribe may conclude a joint meeting 
with a document embodying any agree
ment among them regarding environ
mental protection, mitigation, or en
hancement measures and any issues 
that are unresolved. 
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(8) The potential applicant must de
scribe all disagreements with a re
source agency or Indian tribe on tech
nical or environmental protection, 
mitigation, or enhancement measures 
in its application, including an expla
nation of the basis for the applicant's 
disagreement with the resource agency 
or Indian tribe, and must include in its 
application any document developed 
pursuant to paragraph (c) (7) of this sec
tion. 

(9) A potential applicant may file an 
application with the Commission if: 

(I) It has compiled with paragraph 
(c) (4) of this section and no resource 
agency or Indian tribe has responded 
with substantive disagreements by the 
deadline specified in paragraph (c) (5) of 
this section; or 

(ii) It has complied with paragraph 
(c) (6) of this section and a resource 
agency or Indian tribe has responded 
with substantive disagreements. 

(IO) The second stage of consultation 
ends: 

(i) Ninety days after the submittal of 
information pursuant to paragraph 
(c)(4) of this section in cases where no 
resource agency or Indian tribe has re
sponded with substantive disagree
ments; or 

(ii) At the conclusion of the last joint 
meeting held pursuant to paragraph 
(c)(6) of this section in cases where a 
resource agency or Indian tribe has re
sponded with substantive disagree
ments. 

(d) Third stage of consultation. (I) The 
third stage of consultation is initiated 
by the filing of an application for a li
cense or exemption, accompanied by a 
transmittal letter certifying that at 
the same time copies of the application 
are being mailed to the resource agen
cies, Indian tribes, other government 
offices, and consulted members of the 
public specified in paragraph (d) (2) of 
this section. 

(2) As soon as an applicant files such 
application documents with the Com
mission, or promptly after receipt in 
the case of documents described in 
paragraph (d) (2) (iii) of this section, as 
the Commission may direct the appli
cant must serve on every resource 
agency, Indian tribes, and member of 
the public consulted, and on other gov
ernment offices copies of: 
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(i) Its application for a license or an 
exemption from licensing; 

(ii) Any deficiency correction. revi
sion, supplement, response to addi
tional information request, or amend
ment to the application; and 

(iii) Any written correspondence 
from the Commission requesting the 
correction of deficiencies or the sub
mittal of additional information. 

(e) Waiver•of compliance with consulta
tion requirements. (I) If a resource agen
cy or Indian tribe waives in writing 
compliance with any requirement of 
this section, a potential applicant does 
not have to comply with that require
ment as to that agency or tribe. 

(2) If a resource agency or Indian 
tribe fails to timely comply with a pro
vision regarding a requirement of this 
section, a potential applicant may pro
ceed to the next sequential require
ment of this section without waiting 
for the resource agency or Indian tribe 
to comply. 

(3) The failure of a resource agency 
or Indian tribe to timely comply with a 
provision regarding a requirement of 
this section does not preclude its par
ticipation in subsequent stages of the 
consultation process. 

(4) Following October 23, 2003, a po
tential license applicant engaged in 
pre-filing consultation under part 4 
may during first stage consultation re
quest to incorporate into pre-filing 
consultation any element of the inte
grated license application process pro
vided for in part 5 of this chapter. Any 
such request must be accompanied by 
a: 

(i) Specific description of how the 
element of the part 5 license applica
tion would fit into the pre-filing con
sultation process under this part; and 

(ii) Demonstration that the potential 
license applicant has made every rea
sonable effort to contact all resource 
agencies, Indian tribes, non-govern
mental organizations, and others af
fected by the applicant's proposal, and 
that a consensus exists in favor of in
corporating the specific element of the 
part 5 process into the pre-filing con
sultation under this part. 
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(f) Application requirements docu
menting consultation and any disagree
ments with resource agencies. An appli
cant must show in Exhibit E of Its ap
plication that it has met the require
me nts of paragraphs (b) through (d) 
and paragraphs (g) and (h) of this sec
Llon, and must ind\.lde a summary of 
the consultation process and; 

(I) Any resource agency's or Indian 
tribe's letters containing comments, 
recommendations, and proposed terms 
and conditions; 

(2) Any letters from the public con
taining comments and recommenda
tions: 

(3) Notice of any remaining disagree
ment with a resource agency or Indian 
tribe on: 

(i) The need for a study or the man
ner in which a study should be con
ducted and the applicant's reasons for 
disagreement, and 

(ii) Information on any environ
mental protection, mitigation, or en
hancement measure, including the 
basis for the applicant's disagreement 
with the resource agency or Indian 
tribe; 

(4) Evidence of any waivers under 
paragraph (e) of this section; 

(5) Evidence of all attempts to con
sult with a resource agency or Indian 
tribe, copies of related documents 
showing the attempts, and documents 
showing the conclusion of the second 
sLage of consul ta ion : 

(6) An exp la naLlon of how and why 
the proj eC L would, would not, or should 
noL, comply with any relevant com
pr hen iv• plan as defined !n §2 .19 of 
Lhi c hapLer and a desc ription of any 
relevant resource agency or Indian 
tribe determination regarding the con
sistency of the project with any such 
comprehens ive plan; 

·(7) A descrlplion of how the ap pli 
can L's proposal addresses the sl.gnlfi
cant resource issues raised at the joint 
meeting held pursuant to paragraph 
(b)(3) of this section; and 

(8) A list containing the name and 
address of every federal, state, and 
interstate resource agency and Indian 
tribe with which the applicant con
sulted pursuant to paragraph (a) (I) of 
this section. 

(g) Pub/Jc participation. (I) At least 14 
days in advance of the joint meetl.ng 
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held pursuant to paragraph (b) (3) of 
this section, the potential applicant 
must publish notice, at least once, of 
the purpose, location, and timing of 
the joint meeting, In a dally or weekly 
newspaper published in each county in 
which the proposed project or any part 
thereof is situated. The notice shall in
clude a summary of the major issues to 
be discussed at the joint meeting. 

(2) (i) A potential applicant must 
make avai !able to the public for in
spection and reprod uc tion the informa
tion spec I l'l ecl in paragraph (b) (2) of this 
section from the date on which the no
tice required by paragraph (g) (!) of this 
section is first published until a final 
order is issued on any license applica
tion. 

(ii) The provisions of §4.32(b) will 
govern the form and manner in which 
the information is to be made available 
for public Inspection and reproduction. 

(iii) A polential app li cant must make 
available to the public for inspection 
at the joint meeting required by para
graph (b)(3) of t h is section at least two 
copies of the Information specified in 
paragraph (b)(2) of th is sec ti on. 

(h) Critical Energy Infra tructure Infor
mation. If this section requires an ap
plicant to reveal Critical Energy Infra
structure Information (CEII), as de
fined by §388.113(c) of this chapter, to 
any person , the applicant sha l I follow 
the proced ures set out in §4.32(k). 

[Order 533, 56 FR 23153, May 20, 1991, as 
amended at 56 FR 61155, Dec. 2, 1991 ; Order 
2002, 68 FR 51117, Aug. 25, 2003; Order 643, 68 
FR 52094, Sept. 2, 2003; 68 FR 61742, Oct . 30, 
2003] 

§ 4.39 Specifications for maps and 
drawings. 

All required maps and drawings must 
conform to the following specifica
tions, except as otherwise prescribed in 
this chapter: 

(a) Each original map or drawing 
must consist of a print on silver or 
gelatin 35mm microfilm mounted on 
Type D (3 1/,'' by 7%") aperture cards. 
Full-sized prints of maps and drawings 
must be on sheets no smaller than 24 
by 36 inches and no lat·ger t han 28 by 40 
Inches , A space five inche hJgh by 
seven Inches wlde must be provided in 
the lower right hand corner of each 
sheet. The upper half of this space 
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(f) Application requirements docu
menting consultation and any disagree
ments with resource agencies. An appli 
cant must show in Exhibit E of its ap
pl icatlon that it has met the r equire
m e n ts of paragraphs (b) through (d) 
and paragraphs (g) and (h) of this sec
tion , a nd must include a summary of 
the consultation process arid : 

(1) Any resource agency's or Indian 
tribe's letters containing comments, 
recommendations, and proposed terms 
and conditions; 

(2) Any letters from the public con
taining comments and recommenda
tions : 

(3) Notice of any remaining disagree
ment with a resource agency or Indian 
tribe on: 

(i) The need for a study or the man
ner in which a study should be con
ducted and the applicant's reasons for 
disagreement, and 

(ii) Information on any environ
menta I protection, mitigat ion, or en
ha ncement measure, including the 
basis for the applicant's disagreement 
with the resource agency or Indian 
tribe: 

(4) Evidence of any waivers under 
paragraph (e) of this section ; 

(5) Evidence of all attempts to con
sult wi t h a r esource agency or Indian 
tribe , copies of r e lated documents 
showing the aLLempts. and docum enl s 
showing the conc lus ion of the s econd 
scag o f consul t a t ion ; 

(6) A n e xpl<1natlon ol' how and why 
Lhe projec L would , wou ld not, or hould 
nol, comp ly wlLh a ny rel evant com
pre h e nslv p la n as d e fin e d In § 2.19 or 
this chaple r and a d es c 1· ip d on o f any 
relevant resource agency or Indian 
tribe determination regarding the con
sistency of the project with any such 
co mprehens.lv e plan; 

(7) A description of how the appli 
ca·nt 's propos al addresses the signifi
cant resource issues raised at the joint 
meeting held pursuant to paragraph 
(b)(3) of this •c rlon: and 

(8) A list con t aining the name and 
address of every federal, state, and 
interstate resource agency and Indian 
tribe with which the applicant con
su I ted pursuant to paragraph (a) (I) of 
this section. 

(g) Public ptlf'C)clpation. (I) At least. 14 
days in adva rlce of the joint mee ting 
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held pursuant to paragraph (b) (3) of 
this section, the potential applicant 
must publish notice, at least once, of 
the purpose, location, and timing of 
the joint meeting, in a daily or weekly 
newspaper published in each county in 
which the proposed project or any part 
thereof is sltua.ted. The notice shall in
clude a summary of the major issues to 
be discussed at the Joint meeting. 

(2) (i) A potential applicant must 
make available to the public for in
spection and reproducUon the informa
tion speci A eel in pa1:agraph (b) (2) of this 
section from the date on which the no
tice required by paragraph (g) (I) of this 
section is first published until a final 
order is issued on any license applica
tion . 

(ii) The provisions of §4.32(b) will 
govern the form and manner in which 
the information is to be made available 
for public Inspection and reproduction . 

(iii) A potendal app licant must make 
available to the public for inspe ction 
at the joint meeting required by para
graph (b) (3) of th is section at least two 
copies of the Information specified in 
paragrap h (b)(2) of this s ectio n. 

(h) Critical Energy infra iruct.ure Infor
mation. If this sec tion requires an ap
plicant to r·eveal Critical Energy Infra
structure Information (CEII), as de
fi n d by §388 . l 13(c) of thi s h apter, to 
any pers ()Tl , the a ppli ca t1L sha l l follow 
t. he procedures se t o ut In § 4.3.2(k). 

[Orde r 533, 56 FR 23153 , May 20, 1991 , as 
amended at 56 FR 61155, Dec . 2, 1991 : Order 
2002, 68 FR 51117, Aug. 25, 2003; Order 643, 68 
FR 52094, S e pt . 2, 2003; 68 FR 61742, Oct . 30, 
20031 

~ 4.39 Specifications for maps and 
drawings. 

All required maps and drawings must 
conform to the following specifica
tions, except as otherwise prescribed in 
this chapter: 

(a) Each original map or drawing 
must consist of a print on silver or 
ge latin 35111111 mlcrof!Jm moun ted on 
Type D (3 1,-:, • by 7%"} ape rture ca1·ds , 
Fu! l•size d prints of maps and drawings 
must be on sheets no smaller than 24 
by 36 inches and no larger than 28 by 40 
inches. A space five inches high by 
seven inches wide must be provided in 
the lower right hand corner of each 
sheet. The upper half of this space 
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must bear the title, numerical and 
graphical scale, and other pertinent in
formation concerning the map or draw
ing. The lower half of the space must 
be left clear. Exhibit G drawings must 
be stamped by a registered land sur
veyor. If the drawing size specHied in 
this paragraph llrnlts the sca le of 
structural drawings (exhibit F draw
ings) descr ibed in paragraph (c) of this 
section, a smaller sca le may be used for 
those drawings. Potential applicants or 
licensees may be required to file maps 
or drawings in electronic format as di
rected by the Commission. 

(b) Each map must have a scale in 
full-sized prints no smaller than one 
inch equals 0.5 miles for transmission 
lines, roads, and similar linear features 
and no smaller than one inch equals 
1,000 feet for other project features, in
cluding Lhe project boundary. Whon! 
maps at thJs sea l do no t show suffi 
cient detai I. larg sca le map may be 
required. 

(I) Trne and magnetic meridians: 
(2) Slate, county, and town lines; and 
(3) Boundaries of public lands and 

reservations of the United States [see 
16 U.S.C. 796 (I) and (2)]. if any. If a 
public land survey ls availa b le, the 
maps niust show all l!nes of that sur
vey crossing r.he projec area and all of
ficlci ,l s u bdivisions of section for the 
public la nds and reserva ions, Includ
ing· lo Ls and Jrregular tracts, as des
lgnaLed 011 th offlcJal plaLs of s u rvey 
Lhat may b • obLal ned from lhe Bureau 
of Land Ma nagement. Washington, DC, 
or examined In the local land survey 
office; to the extent that a public land 
survey is not available for public lands 
and reservations of the United States, 
the maps mus t show t11e protractions 
of townsh ips and sect ion Lines, w h ich, 
if po sible, must be Lhose recognized by 
the Pederal agency administering 
those lands. 

( ) Drawlngs depleting de LaUs of 
project st.ructures mrnst have a sc,1 le in 
full -s ized prints no smaller Lhon: 

(J) One Jn h equals 50 feel for p lans, 
elevations, and profiles; and 

(2) One inch equals 10 feet for sec
tions. 

(d) Each map or drawing must be 
drawn and lettered to be leglble when 
it is reduced to a print that is 11 inches 
on its shorter side. Following notiflca-
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tion to the applicant that the applica
tion has been accepted for filing [see 
§ 4.31 (c)]. prints reduced to that size 
must be bound in each copy of the ap
plication which is required to be sub
mitted to the Commission or provided 
to any person, agency, or other entity. 

(e) The maps and drawings showing 
project location information and de
tails of project structures must be filed 
in accordance with the Commission's 
instructions on submission of Critical 
Energy Infrastructure Information in 
§§388.112 and 388.113 of subchapter X of 
this chapter. 

[Order 54, 44 FR 61334, Oct. 25, 1979. Redesig
nated by Order 413, 50 FR 11678, Mar. 25, 1985: 
Order 2002, 68 FR 51119, Aug. 25, 2003; 68 FR 
61742, Oct. 30, 2003I 

Subpart E-Application for License 
for Major Un constructed 
Project and Major Modified 
Project 

~ 4.40 Applicability. 

(a) Applicabillty. The provisions of 
this subpart apply to any application 
for an initial license for a major 
unconstructed project that would have 
a total installed capacity of more than 
5 megawatts, and any application for 
an initial or new license for a major 
modified project with a total installed 
capacity more than 5 megawatts. An 
applicant for license for any major 
unconstructed or major modified water 
power project t hat would have a total 
installed generating capacity of 5 
megawatts or Jess must submit appli
cation under subpart G (§§ 4.60 and 4.61). 

(b) Guidance from Commission staff. A 
prospective applicant for a license for a 
major unconstructed project or major 
modified project may seek advice from 
the Commission's Office of Energy 
Projects regarding Lhe appli cability of 
this subpart to its project [s 0e §4.32(h)]. 
including the determinations whether 
any proposed repair, modification or 
reconstruction of an existing dam 
would result in a significant change in 
the normal maximum surface elevation 
of an existing impoundment, or wheth
er any proposed change in existing 
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APPENDIXC 

NEW YORK STATE 
STANDARDIZED CONTRACT 

FOR INTERCONNECTION OF NEW DISTRIBUTED GENERATION UNITS 
WITH CAP A CITY OF 2 MW OR LESS CONNECTED IN PARALLEL WITH UTILITY 

DISTRIBUTION SYSTEMS 

Customer Information: Company Information: 

Name: Name: - ----- ----- -----------

Address: Address: - -------- - ----------
Telephone: _ ____ ___ _ Telephone: _ _______ _ 

Unit Application No. ____ _ 

DEFINITIONS 

Dedicated Facilities means the equipment and facilities on the Company's system necessary to 
permit operation of the Unit in parallel with the Company's system. 

Delivery Service means the services the Company may provide to deliver capacity or energy 
generated by Customer to a buyer to a delivery point(s), including related ancillary services. 

"SIR" means the New York State Standardized Intercom1ection Requirements for new distributed 
generation units with a nameplate capacity of2 MW or less connected in parallel with the 
Company's distribution system 

"Unit" means the distributed generation Unit with a nameplate capacity of 2 MW or less located 
on the Customer's premises at the time the company approves such Unit for operation in parallel 
with the Company's system. This Agreement relates only to such Unit, but a new agreement shall 
not be required if the customer makes physical alterations to the Unit that do not result in an 
increase in its nameplate generating capacity. The nameplate generating capacity of the unit shall 
not exceed 2 MW. 

I. TERM AND TERMINATION 

1.1 Term: This Agreement shall become effective when executed by both Parties and shall 
continue in effect until terminated. 

1.2 Termination: This Agreement may be terminated as follows: 
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a. The Customer may terminate this Agreement at any time, by giving the Company 
sixty (60) days' written notice. 

b. Failure by the Customer to seek final acceptance by the Company within twelve (12) 
months after completion of the utility construction process described in the SIR shall 
automatically terminate this Agreement. 

c. Either Party may, by giving the other Party at least sixty (60) days' prior written notice, 
terminate this Agreement in the event that the other Party is in default of any of the 
material terms and conditions of this Agreement. The terminating Party shall specify 
in the notice the basis for the termination and shall provide a reasonable opportunity to 
cure the default. 

d. The Company may, by giving the customer at least sixty (60) days' prior written 
notice, terminate this Agreement for cause. The Customer's non-compliance with an 
upgrade to the SIR, unless the Customer's installation is "grandfathered," shall 
constitute good cause. 

1.3 Disconnection and Survival of Obligations: Upon termination of this Agreement the Unit 
will be disconnected from the Company's electric system. The termination of this Agreement shall 
not relieve either Party of its liabilities and obligations, owed or continuing at the time of the 
termination. 

1.4 Suspension: This Agreement will be suspended during any period in which the Customer 
i~ not eligible for delivery service from the Company. 

II. SCOPE OF AGREEMENT 

2.1 Scope of Agreement: This Agreement relates solely to the conditions under which the 
Company and the Customer agree that the Unit may be interconnected to and operated in parallel 
with the Company's system. 

2.2 Electricity Not Covered: The Company shall have no duty under this Agreement to 
account for, pay for, deliver, or return in kind any electricity produced by the Facility and delivered 
into the Company's System. 

ill. INSTALLATION, OPERATION AND MAINTENANCE OF UNIT 

3.1 Compliance with SIR: Subject to the provisions of this Agreement, the Company shall be 
required to interconnect the Unit to the Company's system, for purposes of parallel operation, if the 
Company accepts the Unit as in compliance with the SIR. The Customer shall have a continuing 
obligation to maintain and operate the Unit in compliance with the SIR. 
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3.2 Observation of the Unit - Construction Phase: The Company may, in its discretion and 
upon reasonable notice, conduct reasonable on-site verifications during the construction of the Unit. 
Whenever the Company chooses to exercise its right to conduct observations herein it shall specify 
to the Customer its reasons for its decision to conduct the observation. For purposes of this 
paragraph and paragraphs 3.3 through 3.5, the term "on-site verification" shall not include testing of 
the Unit, and verification tests shall not be required except as provided in paragraphs 3.3 and 3.4. 

3.3 Observation of the Unit - Fourteen-day Period: The Company may conduct on-site 
verifications of the Unit and observe the performance of verification testing within a reasonable 
period of time, not exceeding fourteen days, after receiving a written request from the Customer to 
begin producing energy in parallel with the Company's system. The Company may accept or reject 
the request, consistent with the SIR, based upon the verification test results. 

3.4 Observation of the Unit - Post-Fourteen-day Period: If the Company does not perform 
an on-site verification of the Unit and observe the performance of verification testing within the 
fourteen-day period, the Customer may begin to produce energy after certifying to the Company 
that the Unit has been tested in accordance with the verification testing requirements of the SIR and 
has successfully completed such tests. After receiving the certification, the Company may conduct 
an on-site verification of the Unit and make reasonable inquiries of the Customer, but only for 
purposes of determining whether the verification tests were properly performed. The Customer 
shall not be required to perform the verification tests a second time, unless irregularities appear in 
the verification test report or there are other objective indications that the tests were not properly 
performed in the first instance. 

3.5 Observation of the Unit - Operations: The Company may conduct on-site verification of 
the operations of the Unit after it commences operations if the Company has a reasonable basis for 
doing so based on its responsibility to provide continuous and reliable utility service or as 
authorized by the provisions of the Company's Retail Tariff relating to the verification of customer 
installations generally. 

3.6 Costs of Dedicated Facilities: During the term of this Agreement, the Company shall 
design, construct and install the Dedicated Facilities. The Customer shall be responsible for paying 
the incremental capital cost of such Dedicated Facilities attributable to the Customer's Unit. All 
costs associated with the operation and maintenance of the Dedicated Facilities after the Unit first 
produces energy shall be the responsibility of the Company. 

IV. DISCONNECTION OF THE UNIT 

4.1 Emergency Disconnection: The Company may disconnect the Unit, without prior notice 
to the Customer (a) to eliminate conditions that constitute a potential hazard to Company personnel 
or the general public; (b) if pre-emergency or emergency conditions exist on the Company system; 
( c) if a hazardous condition relating to the Unit is observed by a utility inspection; or ( d) if the 
Customer has tampered with any protective device. The Company shall notify the Customer of the 
emergency if circumstances permit. 
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4.2 Non-Emergency Disconnection: The Company may disconnect the Unit, after notice to 
the responsible party has been provided and a reasonable time to correct, consistent with the 
conditions, has elapsed, if (a) the Customer has failed to make available records of verification tests 
and maintenance of his protective devices; (b) the Unit system interferes with Company equipment 
or equipment belonging to other customers of the Company; (c) the Unit adversely affects the 
quality of service of adjoining customers. 

4.3 Disconnection by Customer: The Customer may disconnect the Unit at any time. 

4.4 Utility Obligation to Cure Adverse Effect: If, after the Customer meets all 
interconnection requirements, the operations of the Company are adversely affecting the 
performance of the Unit or the Customer's premises, the Company shall immediately take 
appropriate action to eliminate the adverse effect. If the Company determines that it needs to 
upgrade or reconfigure its system the Customer will not be responsible for the cost of new or 
additional equipment beyond the point of common coupling between the Customer and the 
Company. 

V. ACCESS 

5.1 Access to Premises: The Company shall have access to the disconnect switch of the Unit at 
all times. At reasonable hours and upon reasonable notice consistent with Section III of this 
Agreement, or at any time without notice in the event of an emergency (as defined in paragraph 
4.1), the Company shall have access to the Premises. 

5.2 Company and Customer Representatives: The Company shall designate, and shall 
provide to the Customer, the name and telephone number of a representative or representatives who 
can be reached at all times to allow the Customer to report an emergency and obtain the assistance 
of the Company. For the purpose of allowing access to the premises, the Customer shall provide the 
Company with the name and telephone number of a person who is responsible for providing access 
to the Premises. 

5.3 Company Right to Access Company-Owned Facilities and Equipment: If necessary for 
the purposes of this Agreement, the Customer shall allow the Company access to the Company's 
equipment and facilities located on the Premises. To the extent that the Customer does not own all 
or any part of the property on which the Company is required to locate its equipment or facilities to 
serve the Customer under this Agreement, the Customer shall secure and provide in favor of the 
Company the necessary rights to obtain access to such equipment or facilities, including easements 
if the circumstances so require. 

VI. DISPUTE RESOLUTION 

6.1 Good Faith Resolution of Disputes: Each Party agrees to attempt to resolve all disputes 
arising hereunder promptly, equitably and in a good faith manner. 
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6.2 Mediation: If a dispute arises under this Agreement, and if it cannot be resolved by the 
Parties within ten (10) working days after written notice of the dispute, the parties agree to submit 
the dispute to mediation by a mutually acceptable mediator, in a mutually convenient location in 
New York State, in accordance with the then current CPR Institute for Dispute Resolution 
Mediation Procedure, or to mediation by a mediator provided by the New York Public Service 
Commission. The parties agree to participate in good faith in the mediation for a period of up to 90 
days. If the parties are not successful in resolving their disputes through mediation, then the parties 
may refer the dispute for resolution to the New York Public Service Commission, which shall 
maintain continuing jurisdiction over this agreement. 

6.3 Escrow: If there are amounts in dispute of more than two thousand dollars ($2,000), the 
Customer shall either place such disputed amounts into an independent escrow account pending 
final resolution of the dispute in question, or provide to the Company an appropriate irrevocable 
standby letter of credit in lieu thereof. 

VII. INSURANCE 

7.1 Disclosure: The Customer is not required to provide general liability insurance coverage as 
part of this Agreement, the SIR, or any other Company requirement. Due to the risk of incurring 
damages, the Public Service Commission recommends that every distributed generation 
customer protect itself with insurance, and requires insurance disclosure as a part of this 
Agreement. The Customer hereby discloses as follows: 

(Note: Check off one of the boxes below.) 

[ ] the Customer has obtained, or already has in effect under an existing 
policy, general liability insurance coverage for operation of the Unit 
and intends to maintain such coverage for the duration of this 
Agreement (attach Certificate oflnsurance or copy of Policy); or 

[ ] the Customer has not obtained general liability insurance coverage for 
operation of the Unit and/or is self-insured. 

7.2 Effect: The inability of the Company to require the Customer to provide general liability 
insurance coverage for operation of the Unit is not a waiver of any rights the Company may have to 
pursue remedies at law against the Customer to recover damages. 

VIII. MISCELLANEOUS PROVISIONS 

8.1 Third Parties: This Agreement is intended solely for the benefit of the parties hereto. 
Nothing in this Agreement shall be construed to create any duty to, or standard of care with 
reference to, or any liability to, any person not a party to this Agreement. 
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8.2 Severability: If any provision or portion of this Agreement shall for any reason be held or 
adjudged to be invalid or illegal or unenforceable by any court of competent jurisdiction, such 
portion or provision shall be deemed separate and independent, and the remainder of this 
Agreement shall remain in full force and effect. 

8.3 Entire Agreement: This Agreement constitutes the entire Agreement between the parties 
and supersedes all prior agreements or understandings, whether verbal or written. 

8.4 Waiver: No delay or omission in the exercise of any right under this Agreement shall 
impair any such right or shall be taken, construed or considered as a waiver or relinquishment 
thereof, but any such right may be exercised from time to time and as often as may be deemed 
expedient. In the event that any agreement or covenant herein shall be breached and thereafter 
waived, such waiver shall be limited to the particular breach so waived and shall not be deemed to 
waive any other breach hereunder. · 

8.5 Applicable Law: This Agreement shall be governed by and construed in accordance with 
the law of the State ofNew York. 

8.6 Amendments: This Agreement shall not be amended unless the amendment is in writing 
and signed by the Company and the Customer. 

8.7 Force Majeure: For purposes of this Agreement, "Force Majeure Event" means any event: 
(a) that is beyond the reasonable control of the affected Party; and (b) that the affected Party is 
unable to prevent or provide against by exercising reasonable diligence, including the following 
events or circumstances, but only to the extent they satisfy the preceding requirements: acts of war, 
public disorder, insurrection, or rebellion; floods, hurricanes, earthquakes, lightning, storms, and 
other natural calamities; explosions or fires; strikes, work stoppages, or labor disputes; embargoes; 
and sabotage. If a Force Majeure Event prevents a Party from fulfilling any obligations under this 
Agreement, such Party will promptly notify the other Party in writing, and will keep the other Party 
informed on a continuing basis of the scope and duration of the Force Majeure Event. The affected 
Party will specify in reasonable detail the circumstances of the Force Majeure Event, its expected 
duration, and the steps that the affected Party is taking to mitigate the effects of the event on its 
performance. The affected Party will be entitled to suspend or modify its performance of 
obligations under this Agreement, other than the obligation to make payments then due or becoming 
due under this Agreement, but only to the extent that the effect of the Force Majeure Event cannot 
be mitigated by the use of reasonable efforts. The affected Party will use reasonable efforts to 
resume its performance as soon as possible. 

8.8 Assignment to Corporate Party: At any time during the term, the Customer may assign 
this Agreement to a corporation or other entity with limited liability, provided that the Customer 
obtains the consent of the Company. Such consent will not be withheld unless the Company can 
demonstrate that the corporate entity is not reasonably capable of performing the obligations of the 
assigning Customer under this Agreement. 
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8.9 Assignment to Individuals: At any time during the term, a Customer may assign this 
Agreement to another person, other than a corporation or other entity with limited liability, provided 
that the assignee is the owner, lessee, or is otherwise responsible for the Unit. 

8.10 Permits and Approvals: Customer shall obtain all environmental and other permits 
lawfully required by governmental authorities prior to the construction and for the operation of the 
Unit during the term of this Agreement. 

8.11 Limitation of Liability: Neither by inspection, if any, or non-rejection, nor in any other 
way, does the Company give any warranty, express or implied, as to the adequacy, safety, or other 
characteristics of any structures, equipment, wires, appliances or devices owned, installed or 
maintained by the Customer or leased by the Customer from third parties, including without 
limitation the Unit and any structures, equipment, wires, appliances or devices appurtenant thereto. 

ACCEPTED AND AGREED: 

Customer: 

Date: 

Company: 

Date: 
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NEW YORK ST ATE ST ANDARIZED APPLICATION 
FOR ATTACHMENT OF PARALLEL GENERATION 

EQUIPMENT 2 MW OR SMALLER 
TO THE ELECTRIC SYSTEM OF 

Utility: _______ _____ _ _ _ _ 

Customer: 
Name: _____ _______ Phone: LJ ___ _ 

Address: _ _ ____ ______ Municipality : _____ _ _ 

Consulting Engineer or Contractor: 
Name: ____ _ _ _ _ _ ___ Phone: (__) ___ _ 

Address: - ---- --- --- -

Estimated In-Service Date: _ ________ _ _ _ _ _ 

Existing Electric Service: 
Capacity: ____ Amperes Voltage: ____ Volts 
Service Character: ( )Single Phase ( )Three Phase 
Secondary 3 Phase Transformer Connection ( )Wye ( )Delta 

Location of Protective Interface Equipment on Property: 
(include address if different from customer address) 

Energy Producing Equipment/Inverter Information: 
Manufacturer: _______ ______ _ 
Model No. _ _ ___ __ Version No. _ _ _ _ _ _ 
( )Synchronous ( )Induction ( )Inverter ( )Other ___ _ 
Rating: ___ _ kW Rating: ____ kV A 
Rated Output: __ VA Rated Voltage: __ Volts 
Rate Frequency: __ Hertz Rated Speed: __ RPM 
Efficiency: __ % Power Factor: % 
Rated Current: __ Amps Locked Rotor Current: __ Amps 
Synchronous Speed: __ RPM Winding Connection: 
Min. Operating Freq.rrime: 
Generator Connection: ( )Delta ( )Wye ( )Wye Grounded 
System Type Tested (Total System): ( )Yes ( )No; attach product literature 
Equipment Type Tested (i.e. Inverter, Protection System): 

( )Yes ( )No; attach product literature 
One Line Diagram attached: ( )Yes 
Installation Test Plan attached: ( )Yes 

For Synchronous Machines: 
Submit copies of the Saturation Curve and the Vee Curve 
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( )Salient ( )Non-Salient 
Torque: __ lb-ft Rated RPM: - - -
Field Amperes: ___ at rated generator voltage and current 

and % PF over-excited 
Type of Exciter: _ ______ _ _ ___ ______ _ _ 
Output Power of Exciter: _______ _ ____ _ ___ _ 
Type of Voltage Regulator: _ _ _ _ _ _ _ _ _ _ _____ _ 
Direct-axis Synchronous Reactance (Xd) ___ ohms 
Direct-axis Transient Reactance (X'd) ohms 
Direct-axis Sub-transient Reactance (X"d) ohms 

For Induction Machines: 
Rotor Resistance (R,) __ ohms Exciting Current __ Amps 
Rotor Reactance (X,) __ ohms Reactive Power Required: 
Magnetizing Reactance (Xm) _ _ ohms _V ARs (No Load) 
Stator Resistance (R,) __ ohm: _V ARs (Full Load) 
Stator Reactance (X,) __ ohms 
Short Circuit Reactance (X"d) __ ohms Phases: 
Frame Size: _ _ _ _ _ Design Letter: 

. 0 --
Temp. Rise: ___ _ _ C. 

( )Single 
( )Three-Phase 

For Inverters: 
Manufacturer: ___ _ __ Model: 
Type:_ ( )Forced Commutated ( )Line Commutated 
Rated Output: __ Amps __ Volts 
Efficiency: ___ % 

Signature: 

CUSTOMER SIGNATURE TITLE 
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TOWN OF RED HOOK 
7340 SOUTH BROADWAY - RED HOOK, NY 12571 

Building & Zoning Department 
• Zoning Enforcement Officer 
• Code Enforcement Officer 

Office: 845.758.4623 or 845.758.4603,.., Fax: 845.758.9018 
Email: bfennell@redhook.org ,.., scole@redhook.org ,.., Web: www.redhook.org 

Building Permit Review Procedure 

PATH 2 <= 
Conditions not met 

Application made to Building 
Inspector 

u 
Reviewed by Building Inspector for 
compliance with 

• Zoning ordinance 
• Subdivision regulations 
• Building codes, etc. 
• Health Dept. regulations 
• Insurance 
• Site Plan 
• 911 Address u Request proceeds down 1 of 3 Paths 

Building Permit 
must be denied 

u 
Applicant can seek relief by: 

• Complying with requirements 
• Revising plans 
• Seeking a zoning change 
• Seeking a variance 
• Requesting an interpretation 

of the Zoning Administrators 
decision 

u 
Satisfactorv relief achieved 

u 
Building Permit issued I ,....____ __ _____. => 

rev 9/04 

u 
PATH 1 

u 
All conditions met 

u 
Buildlna Permit issued 

u 
Inspections of 

Construction Process 

u 
Construction completed 

according to plan 

u 
Certificate of Occupancy Issued 

<= 

PATH3 

Site Plan approval 
or Special Use 

Permit required 

u 
Applicant referred 

to appropriate 
body (planning 
board, board of 

appeals or 
Legislative body) 

for review 

u 
Approval received 

u 
Building Permit issued 



T OWN OF R ED HOOK 
7340 SOUTH BROADWAY - RED HOOK, NY 12571 

Building & Zoning Department 
• Zoning Enforcement Officer 
• Code Enforcement Officer 

Office: 845.758.4623 or 845.758.4603,.., Fax: 845.758.9018 
Email: bfennell@redhook. org ,.., scole@tedllook.org ,.., Web: www.redhook.org 

Buiiding Permit Documents Required for Issuance 

To be submitted bv the applicant or applicant's representative 

1. Building Permit Application Completed and Signed 

2. Owner consent Form Signed when Applicant is NOT the Building or Property Owner 

3. Site Plan with Boundary Set Backs for Proposed Construction 

4. Dutchess County Board of Health approval Form (San34) for Bedroom Construction 

5. Driveway Permits for New Lots (State, County or Town) 

6. Workers Compensation and Liability Insurance 

a. Affidavit of Exemption - Proof of Workers Compensation Insurance Coverage 

7. Stamped Set of Plans by a Professional Engineer for construction Valued at 

$20,000.00 and Above OR Detailed Sketch Plan with Material List 

8. 911 Address on New Lots of Construction 

9. All Swimming Pool Construction Needs to Have Required Barriers in Place and 

Electrical Inspection BEFORE Filling with WATER 

Rev. 9/04 



TOWN OF RED HOOK 
7340SOUTH BROADWAY- RED HOOK, NY 12571 

Building & Zoning Department 
• Zoning Enforcement Officer 
• Code Enforcement Officer 

Office: 845. 758.4623 or 845. 758.4603 ,.., Fax: 845. 758.9018 
Email: bfennell@redhook.org ,.., scole@redhook.org ,.., Web: www. redhook.org 

OFFICE USE 

PLOT. PLAN 
Application No. __ _ 

Date _____ _ 

OWNER-------------

.ADD~ --------------
TELEPHONE __ .....__ ________ _ 

REAllLOT 

-------------C---1-----------~ ,_ 

. REAR SETBACK 
[ ] 

.-[ ] 
SIDELOT SIDELOT , . 

( ] . BUllDING [ ] 
,/ 

[ ] 
[---1. 

DEYI'H 
I ... 

, . · .... . 
r 

. 
: 

[ ] 
FRONT ,ETBACX 

. 

-----------[--------]---------~ FRONTAGE 

STREET OR ROAD _____________ _ 

I.OT AREA _________ AOWS 

ZONE 



TOWN OF RED HOOK 
7340 SOUTH BROADWAY - RED HOOK, NY 12571 

Building & Zoning Department 
• Zoning Enforcement Officer 
• Code Enforcement Officer 

Office: 845.758.4623 or 845.758.4603 "' Fax: 845.758.9018 
Email: bfennell@redhook.org "' scole@redhook .org "' Web: www.redhook.org 

Building Permit App ication 

Date. _ ___ _ _ _ 

Grid # __ - ____ - __ - _ _ _ _ _ _ _ _ Building Permit # _ _ _ ______ _ 

Zoning District: _________ _ 

Applicant's Information 
Name of Applicant: _____ ___ _ _______ _ _ _ ___ _ _ _ ____ _ 

Applicant Address: 

Name of Property Owner: ___ _ ___ _ ___ _ _ _____ _____ _ __ _ 

Owner Address: 

Applicant Phone Number Home ______ _ Work _ _ _ _ ___ Cell ______ _ 

Owner Phone Number Home ____ _ ___ Work _ _____ _ Cell 

Email Address------ - --- --- - --- - - - - --- - - -----
Is the Property Currently in applicant's Name __ yes __ no 

If no, please complete and attach the required consent of authorization form 

Nature of Proposed Work 

New Construction 

__ Principal Building 

__ . _No. of Bedrooms 

Size of Construction 
_ _ _ _ _ __ sq ft 

Garage 

__ Accessory Structure 

No. of Bathrooms 

___ Heating Type 

Fireplace Type 

__ A/C 

_ ___ _ _ _ ___ _ __ Type of Construction (ie;stick, prefab) 

__ Attached 

Deck 

__ Detached ____ .sqst _______ _____ _ Location 

__ Size of Construction ___ _ _ ___ _ _ _ _ _ _ _____ _ _ .Location 

Renovation /Addition 

__ Principal building __ Accessory Structure ____ Size of Construction (sq ft) 

Explain _ _ _ _ _ _______ _ _ _ ___ _ _ _ _____ _ ,--_ _ ___ _ 

Swimming Pool 
__ In Ground __ Above Ground _ _ ___ Size _ _ _ _ ___ Construction Type 

(ie:Liner, gunite) 

Update 7 /25/05 



Town of Red Hook Building Permit Application 

Nature of Proposed Work, continued 

Fence 

___ _ Size _ _ ___ Type ___ Height ___________ Location 

Project Setbacks 

Front _ _ _ ft. Rear ___ ft. Left Side ___ ft. right Side ___ ft. 

Construction Information 

Estimated Cost of Proposed Work: ___ ___ _____ ___ _____ _ _ _ _ _ _ 

Architect or Engineer of Record : _ _ _ ___ ___ _ ______________ _ _ 

Address and Telephone: _ _____ ___ ___ _ _ ___ ____ ______ _ _ 

Prime Contractor/Builder: ___ _ _ ___ ______ _ ___ _ _____ _ _ _ _ 

Address and Telephone: ___ _____ ___ ________ _____ _ _ _ _ _ 

Additional contractors, ie, plumber, electrician, site, etc ___ ____________ _ _ 

Site Information 
Lot size: _____ ___ ________ _____ _____ _____ _ _ _ _ 

List all structures currently on lot: (include pools, sheds, barns etc.) ______ ____ _ _ 

Is the site within the flood plain? __ Yes __ No 

Is the site within a protected wetland? __ Yes __ No 

Signature of Co-Applicant: ___ _____ _ _ _____ _ _ Date _______ _ _ 

Signature of Co-Applicant: ___ _____ _____ _ _ _ _ Date ___ ____ _ _ 

FOR OFFICE USE ONLY 

Date Received: _ _ _ _ _ _ __ _ Fee Paid; _ _ ___ _ _ ____ _ _ 

_ _ Approved 

Denied 

Update 7 /25/05 

Signature ______________ _ 
Town of Red Hook Building Inspector 
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TOWN OF RED HOOK 
7340 SOUTH BROADWAY - RED HOOK, NY 12571 

Building & Zoning Department 
• Zoning Enforcement Officer 
• Code Enforcement Officer 

Office: 845.758.4623 or 845.758.4603"' Fax: 845.758-9018 
Email: bfennell@redhook.org "' scole@redhook.org "'Web: www.redhook.org 

Required Inspections Upon Issuance of 
Certificate of Occupancy 

1. FOOTINGS - After forms and before pouring 

2. FOUNDATION - Before Backfill 

3. CONCRETE POURS - All Concrete Redi- Mix Pours Require Batch Slips from Suppliers 

4. FRAMING - Before Enclosing 

5. ROUGH ELECTRICAL - By Third party Inspector Before Enclosing 

6. INSULATION - Before Enclosing. *Note that insulation in the first floor basement 
floor joist cannot have paper exposed. 

7. ROUGH PLUMBING - Before Enclosing Pressure Test Required on Supply and Waste 

8. HVAC - Before Enclosing 

9. SWIMMING POOL CONSTRUCTION - All Required BARRIERS Need to be In 
Place and Inspected BEFORE Filling with WATER 

10.FINAL - Documents Required: DC BOH Signed Form- San34 Approval - Final 
Electrical Inspection Certificate and Final Inspection by Building Inspector. 

11. USE - Premises for Which Building Permit is Issued may NOT be Used for Any Purpose 
Until Certificate of Occupancy is Issued to You 

* * Please Note: A Certificate of Occupancy is Essential for Any Permit 
Issued, should you sell your property 

Rev. 9/04 



CANYON INDUSTRIES, INC. 
5500 BLUE HERON LANE 

DEMING, WA 98244 

Appendix E: Turbine-Generator System Cost Estimate 

Megan Kerins 
P.O. Box 5000 
Annandale-on-Hudson, NY 12504 

Dear Megan Kerins, 

April 25, 2006 

Thank you for the completed data sheet and for your interest in Canyon Hydro. We appreciate 
the opportunity to work with you as you study the feasibility of this project. 

Canyon Hydro manufactures custom designed Crossflow turbines ideal for sites such as yours. 
With a net head of 16.63 meters and a design flow rate of .54 cubic meters per second (ems), 
using 150 meters of 20" steel pipe, we expect a system output of approximately 60KW. Please 
find a brief system description and budget estimate as follows: 

Turbine: Canyon Custom designed Crossflow turbine. Turbine features shape machined and 
ground steel buckets, heat-treated and ground runner assembly, with flange mount roller 
bearings. Housing is heavy plate steel, with flanged base, integral alternator mount, and intake 
to meet site requirements. Rotating manually controlled variable flow nozzle assembly with 
maximum flow to .54 ems. 
Generator: Lincoln Motors (or equivalent) 60KW, 480VAC; 30, 60 Hz, 1800 rpm, induction, 
generator, complete with geardrive assembly. 
Switchgear: Complete switchgear/control package to parallel the generator with grid 
and provide protective relays. 

Budget Estimate, system as described ........ . ............... .. .. ... $60,000.00. 

Budget estimates are offered for comparison purposes only, but are typically within 15% of an actual quotation for 
the same equipment. 

Please find a typical general arrangement drawing for this equipment. 

The equipment package offered will be custom designed to meet the particular requirements of 
the site. As the project progresses and these requirements are determined, we would be 
pleased to offer a complete Preliminary Design Specifications and a quotation. 

I look forward to discussing this budget estimate with you. Please contact me if there any 
questions. 

Sincerely, 

Eric Melander 

(360) 592-5552• FAX (360) 592-2235•Email eric.melander@canyonhydro.com 
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CANYON INDUSTRIES, INC. 
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DEMING, WA 98244 
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l'JN1LN (RISg:t_(M llRHN: 

CiffllVE 

GEN:R~TIIR 

l-- ---1 fil:fJP9 I ·--------1-L _____ J 

DININi!LNS IN lt-[1£5 ARE ftillffiXIM.4TE 
till INTENlBl FIR ~STRUCTHN -¢- ---$-_ - $- _-$-

i--------- ~--- lSO _ _________ __] 

(360) 592-5552• FAX (360) 592-2235•Email eric.melander@canyonhydro.com 



Insulation 
Rigging 

Equipment 

Ventilation and Heating 
Plumbing 

Process Piping 
Electrical Service 

Electrical Distribtion 
Lighting 
Emergency Lighting and Exiting 

Controls 

Project Adminstration 
Startup and Commissioning 

$ per kw Hi 
Lo 

Normal Range of Costs for Micro-Hydro 3-8k per kw 

Please let me know if this meets your needs. 

Respectfully Submitted, 

Thomas P. Reilly, PE 

$5,000.00 

$2,000.00 
$100,000.00 

$30,000.00 
$3,000.00 

$20,000.00 
$20,000.00 

$15,000.00 
$5,000.00 

$3,000.00 
$30,000.00 

$40,000.00 

$25,000.00 

$478,000.00 

$6,373.33 
$4,780.00 


