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Abstract 

The Hydropower Evaluation Software (HES) is used to model the 
undeveloped hydropower potential in the United States. It was developed for the 
U.S. Department of Energy (DOE) by the Idaho National Engineering and 
Environmental Laboratory (INEEL) in response to National Energy Strategy 
requirements,-The HES models the environmental, legal, and _.institutional. 
attributes present at potential hydropower sites, and calculates a regional or state 
total of the undeveloped hydropower potential. The site attributes and 
characteristics can be entered into the menu-driven model on a site-by-site basis, 
as well as downloaded from existing information sources such as the Federal 
Energy Regulatory Commission's (FERC) Hydroelectric Power Resources 
Assessment Inventory and the Department of Interior's National Rivers 
Inventory. 

.- ._ __ ._ 
Introduction 

--. 

In June 1989, DOE initiated the development of a National Energy Strategy 
resources available to support the expanding demand for 

d States. As a result, DOE established an interagency 
Assessment Team to identi@ the hydropower potential in all 

s- In support of these efforts, the INEEL designed the HES. To date, the 
has been used to perform a resource assessment of the undeveloped 

36 states. The results have been published for 25 of these 
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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United 
States Government. Neither the United States Government nor a n y  agency thereof, nor 
any of their employees, make any warran@, express or implied, or assumes any legal Sabili- 
ty or responsibility for the accuracy, completeness, or usefulness of any information, appa- 
ratus, product, or process disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, process, or service by 
trade name, trademark, manufacturer, or otherwise does not necessarily constitute or 
imply its endorsement, recommendation, or favoring by the United States Government or 
any agency thereof. The views and opinions of authors expressed herein do not necessar- 
ily state or reflect those of the United States Government or any agency thereof. 
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Model Development 

-.. -~ - The HES, both a ility-factor computer model and a database, is a user- . -  

friendly menu-driven software application. Computer screens and report generation 
capabilities were developed to meet the needs of users nationwide. The software 
uses environmental attribute data to generate a single overall project environmental 

-factor (PESF) between 0.1 and 0.9., where 0.9 indicates the highest 
of development and 0.1 indicates the lowest likelihood of development. 

Suitability factors depend-on the environmental attributes of a potential site, 
reflecting the fact that environmental concerns can make a potential site 

cceptable, prohibiting its development (0.1); or, if there are no environmental 
.. concerns, there is no negative effect on the likelihood of site development (0.9). A 

combination of attributes results in a lower suitability factor because multiple 
environmental considerations reduce the likelihood that a site may be developed to 
its physical potential. 

- 
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states and various state agencies are reviewing the results for 11 states. The HES is 
being used by the INEEL to model the undeveloped potential in the remaining 14 
states (Table 1). The hydropower resource assessment project is an ongoing effort, 
and the HES is used to ensure that uniform criteria are employed for measuring the 
hydropower potential. 

The HES was developed as a tool to allow regional power marketing 
administrations, or state energyhatural resource agencies to measure the 
undeveloped hydropower potential within their respective areas. The HES was not 
intended to provide precise development factors for individual sites, but to provide 
regional or state capacity totals. Primarily, the information for the resource 
assessment was obtained from FERC' s Hydroelectric Power Resources Assessment 
database and the Department of Interior's National Rivers Inventory database. 
Input was also obtained from individual state agencies regarding the undeveloped 
hydropower potential and the natural resources present within their respective 
states. 

The goal of the HES is to assemble an accurate resource database of all 
potential hydropower sites in the United States for use as a planning tool to 
determine the viable national hydropower potential. Potential hydropower is not 
Iimited to the development of newsites; -it alsoCinchdes-- the -development of 
additional hydropower at sites that have a dam but no current hydropower 
generating capacity, as well as at sites that currently have hydropower capacity but 
are not developed to their full potential. This undeveloped hydropower potential can 
be a source of nonpolluting, renewable energy available to meet the growing power 
needs of the United States. 
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Environmental and Institutional Attributes 

Each potential hydropower site can have one or more environmental, 
institutional, or land-use attributes present, and these attributes can act as 
impediments to the development of any undeveloped hydropower capacity. The 
attributes modeled by the HES are shown in Table 2, along with the HES-assigned 
values when the attributes are present. 

Table 2. Environmental and institutional attributes for individual sites that 
have undeveloped potential. If the attributes are present, they generally reduce the 
likelihood of development. The numeric values are Federal Land Codes, indicating 
Federal ownership of the land. The default values are 0.9. 

Environmental Attribute without power Undeveloped 
- Existing dam, with or 

Wildscenic protection 0.5 0.1 

0 

0 

Wildscenic &tributary or upstream/downstream 
wildscenic location 
Cultural value 
Fish present value 
Geologic value 
Historic value 
Other value 
Recreation value 
Scenic value 
Wildlife value 
Threatenedendangered fish 
Threatenedendangered wildlife 
103 - National Park, monument, lakeshore, parkway, 
battlefield recreation area 
104 - National forest, grassland 
105 - National wildlife refuge, game preserve, fish 

0.75 

0.75 
0.75 
0.9 
0.75 
0.75 
0.75 
0.9 
0.75 
0.75 
0.75 
0.1 

0.75 
0.1 

0.5 

0.5 
0.25 
0.5 
0.5 
0.5 
0.25 
0.5 
0.25 
0.5 
0.5 
0.1 

0.5 
0.1 

0.1 
hatchery 
106 - National scenic waterway, wilderness area . ~ - - -  - e 

107 - Indian reservation 0.75 0.5 
e 108 - Military reservation 0.75 0.5 

198 - Not on Federal land 0.9 0.9 

The individual values in Table 2 are combined to produce a single product 
environmental suitability factor for each potential site. The suitability factors reflect 
the probability that enviromentaI consideration would make a project unacceptable, 
prohibiting its development; and the degree to which environmental licensing costs 
and mitigation costs would reduce the economic viability of the potentid project. 
The suitability factors were estimated by the Oak Ridge National Laboratory 
biological staff experienced in hydropower licensing cases, and these factors were 
selected from five potential values (Table 3). 
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Table 3. Environmental attribute evaluations. 
Effect of environmental attribute 

Minor reduction in likelihood of development 0.75 
Likelihood of development reduced by half 0.50 
Major reduction in likelihood of development 0.25 

Value of suitability factor 
Little negative effect on likelihood of development 0.90 

Development prohibited or highly unlikely 0.10 

Dam Status 

The HES model assumes that the sites with undeveloped potential can be one 
of three types of sites; sites that either have no types of development (undeveloped), 
sites that have some type of impoundment and no power generation (without 
power), or sites that have hydropower production but are not developed to their full 
hydraulic potential (with power). 

There are over 70,000 dams in 
the United States and less than 3,000 
have developed hydropower plants. 
With this manv non-power dams 

Number of Sites 

With Powa 
9% 

(67,000) it is n& surprising that in - 

the 36 HES-modeled states, 47% of 
the sites with undeveloped potential 
are sites with impoundments but 

- 

without developed power plants 
(Figure 1). Figure 2 shows that most 
of the undeveloped power potential 

Figure 1. Number of sites, by dam status, (59% of undeveloped capacity) is 
with undeveloped potential. also at these sites with impoundments 

but no power production present. 
I 

Potential Capacity 

UrKkdOpfd  
31% 

~ _ _  __ - ._ 

The modeled effects of 
environmental 
dam status, which is 
development 
date. For instance, hydropower 
development at a site that cunently 
does not have any type of civil 
structure present would--&ely have -- - ~- ---- 

greater environmental impact than ~ 

-. 

Figure 2. Undeveloped potential Capacity, adding capacity at a site that already 
by dam status. has a dam or diversion present. 
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HES Results 

A total of 3,268 sites in 36 states have been identified and assessed for their 
hydropower potential. The number of identified and modeled sites range from 12 
sites in New Jersey to 367 sites in Maine (Figure 3). The HES results for 
individual site capacities range from 0.5 kilowatts (kw) to over 500 megawatts 
(MW) per site, and the 3,268 sites have a total modeled undeveloped hydropower 
potential capacity of 18,650 MW. The per-state undeveloped potential capacities 
range from 9 M W  at 12 sites in New Jersey to 3,293 M W  at 119 sites in Alaska 
(Figure 4). 
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Figure 3. The number of sites in each state that have been identified as having 
undeveloped hydropower capacity. 

Figure 4. The total identified undeveloped hydropower capacity (in M W )  foreach 
state. 
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At the sites with undeveloped hydropower potential in the United States, the 
average potential per site is fairly small. As Figure 5 shows, the majority of sites 
(85%) have undeveloped capacities of under five MW. A relatively small 
percentage of the sites (2%) represent a large percentage (54%) of the total 
undeveloped potential. These 67 sites represent over 10,000 MW of undeveloped 
potential, while the other 3,201 sites represent about 8,500 M W  of undeveloped 
hydropower potential. Figure 6 shows that the average potential site size, by state, 
is well under 10 M W .  Some of the state averages are large because of the influence 
of a few sites with large potential capabilities. 
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Figure 5. Number of sites with undeveloped potential capacity, by plant size. 

Figure 6. The average potential site size by state, for sites that have undeveloped 
hydropower potential. 
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While the HES was designed to measure regional or state undeveloped 
hydropower potential by modeling the environmental, legal, and institutional 
constraints to development, it can also be used by the individual developer to 
identify specific sites. When looking for individual sites, the presence of 
environmental attributes would suggest that the developer would likely encounter 
difficulty developing a site as a power producer. For obvious reasons, the 
presence of environmental values such as fish, recreation, or scenic vistas suggest 
that the licensing process could be very arduous. For instance, attempting to 
develop a section of the Salmon River in Idaho, with the above three attributes, as 
well as wild and scenic protection, would likely be a very expensive endeavor, 
with minimal success. 

Using the HES to identify sites absent of any environmental attributes or 
institutional and legal constraints to development can serve as an excellent first 
source of information to the hydropower developer. For instance, looking at sites 
with no environmental attributes or legal constraints would be an excellent “first 
cut” to identifying potential power plant opportunities. The absence of 
development constraints does not guarantee that a site can be licensed and 
developed, but avoiding sites with known constraints to development does seem 
like a financially sound activity. 

- - ____ 

In addition to identifying sites with undeveloped hydropower potential, 
the HES is also a valuable tool to identify total renewable resource potential in the 
United States for planning purposes. Hydropower is a very cost-competitive 
source of non-polluting, renewable energy. 
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