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Left:  Youngs Creek Project, Snohomish County Public Utility District, WA (image courtesy of 

Kim D. Moore and Neil Neroutsos, Snohomish County Public Utility District) 

Youngs Creek Project was online in October 2011 with an estimated capacity of 7.5 MW and an 

annual production of 18,000 MWhðenough to power about 1,500 homes. It is the first new 

hydro project in Washington state in nearly 20 years. It received the Renewable Energy World 

magazine's 2012 Hydro Project of the Year award. 

Center:  Used with license and permissions from iStock and Fotosearch 

Right:   Cheoah River, Graham County NC (image courtesy of Ryan A. McManamay) 
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ABSTRACT 

The rapid development of multiple national geospatial datasets related to topography, hydrology, 

and environmental characteristics in the past decade has provided new opportunities to refine and 

more accurately characterize the nationôs hydropower resource potential in undeveloped stream-

reaches. The U.S. Department of Energy (DOE) Water Power Program tasked Oak Ridge 

National Laboratory with evaluating the new stream-reach development (NSD) resource 

potential of more than 3 million U.S. streams in order to help individuals and organizations 

evaluate the feasibility of developing new hydropower sources in the United States. A 

methodology was designed to identify and characterize stream-reaches with high energy density 

and, most importantly, to compile and spatially join the energy potential of stream-reaches with 

information related to natural ecological systems; sensitive species; areas of social and cultural 

importance; and policy, management, and legal constraints. Additionally, this assessment focuses 

specifically on undeveloped stream-reaches, unlike previous assessments that covered all types 

of streams (i.e., including river segments with existing hydropower plants or non-powered dams). 

An initial report on methodology (Hadjerioua et al., 2013) was reviewed and revised based on 

comments gathered from two peer review workshops. 

This assessment was conducted at a ñreconnaissance levelò (RETScreen International, 2005) 

considering the ñtechnical resourceò that could be available for development (NRC, 2013), and 

using present-day assumptions about hydropower technology. The methodology alone does not 

produce estimates of generation, cost, or potential impacts of sufficient accuracy to determine 

project-specific feasibility or to justify investments. These potential high-energy-density areas 

should be regarded as worthy of more detailed site-by-site evaluation by engineering and 

environmental professionals; not all areas identified in this assessment will be practical or 

feasible to develop for various reasons. In addition to the resource potential, this assessment 

includes stream-reach level information on a number of environmental attributes, such as fish 

habitat and recreational use, to support further market analysis. 

The estimated technical resource capacity for new stream-reach development is 84.7 GW, with 

total undeveloped NSD generation estimated at 460 TWh/year. When areas protected by federal 

legislation limiting the development of new hydropower (national parks, wild and scenic rivers, 

and wilderness areas) were excluded from the analysis, the estimated NSD capacity falls to 65.5 

GW, slightly lower than the current existing U.S. conventional hydropower nameplate capacity 

(79.5 GW; NHAAP, 2013).  Undeveloped NSD generation with these areas excluded is 

estimated to be 347.3 TWh/year, roughly 128% of the average 2002ï2011 net annual generation 

from existing plants (272 TWh/year; EIA, 2013). Detailed findings organized by hydrologic 

regions are presented in separate chapters of this report. 
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EXECUTIVE SUMMARY 

The rapid development of multiple national geospatial datasets related to topography, hydrology, 

and environmental characteristics in the past decade has provided new opportunities for refining 

assessments of hydropower resource potential from currently undeveloped stream-reaches. From 

2011 through 2013, Oak Ridge National Laboratory (ORNL) was tasked by the U.S. Department 

of Energy (DOE) Water Power Program with evaluating the new stream-reach development 

(NSD)
1
 resource potential of more than 3 million U.S. streams. This wide spatial scope demands 

an approximate methodology that can (1) resolve aggregate potential within hydrologic regions 

and electric power systems and (2) enable the modeling of regional and national scenarios for 

existing and new electric power generation technology deployment through the development of 

curves for hydropower capacity cost versus supply. A methodology was hence designed that 

contains three main components: (1) identification of stream-reaches with high energy density; 

(2) topographical analysis of promising stream-reaches to estimate the characteristics of potential 

inundations of reservoirs; and (3) environmental attribution to spatially join the energy potential 

of stream-reaches with information related to the natural ecological systems; social and cultural 

settings; and policies, management, and legal constraints. This refined assessment utilizes a 

comprehensive set of recent U.S. geographic, topographic, hydrologic, hydropower, 

environmental, and socio-political datasets, including the Environmental Protection Agency/U.S. 

Geological Survey (EPA/USGS) National Hydrography Dataset Plus (NHDPlus), U.S. Army 

Corps of Engineers (USACE) National Inventory of Dams (NID), USGS National Elevation 

Dataset (NED), USGS National Water Information System (NWIS), USGS WaterWatch Runoff 

Dataset, DOE/ORNL National Hydropower Asset Assessment Program (NHAAP) Dataset, 

Federal Emergency Management Agency (FEMA) Flood Insurance Study (FIS), U.S. Fish and 

Wildlife Service (USFWS) Federally Listed Endangered Species, USFWS Critical Habitats, 

USGS Gap Analysis Program (GAP) Conservation Lands, and USGS Water Use Dataset. In 

addition to the new data and methodology, the NSD assessment focuses specifically on 

undeveloped stream-reaches, unlike previous assessments that examined all types of streams 

without further breakdown (i.e., including river segments with existing hydropower plants or 

non-powered dams). An initial report on methodology (Hadjerioua et al., 2013) was reviewed 

and revised based on the comments gathered from two peer review workshops (December 2011 

for resource characterization and June 2012 for environmental attribution). 

After the assessment was implemented across the entire United States, major findings were 

summarized in this final report. The estimated NSD capacity and generation, including both 

higher-energy-density (>1 MW per reach) and lower-energy-density (<1 MW per reach) stream-

reaches, are shown in Table ES.1 for each hydrologic region. The highest potential was 

identified in the Pacific Northwest Region (32%), followed by the Missouri Region (15%) and 

the California Region (9%). In total, the undeveloped NSD capacity is 84.7 GW, and the 

undeveloped NSD generation is estimated to be 460 TWh/year. When areas protected by federal 

legislation limiting the development of new hydropower (national parks, wild and scenic rivers, 

and wilderness areas) were excluded from the analysis, the estimated NSD capacity falls to 65.5 

                                                 
1 The DOE Water Power Program classifies hydropower potential into multiple resource classes. These are (1) upgrades to 

existing facilities, (2) expansion of existing facilities, (3) powering of non-powered dams, (4) development at new ñheretofore 

undevelopedò stream-reaches, and (5) energy recovery in constructed waterways. Although it does not yield a net production of 

energy, pumped-storage hydropower is recognized as a valuable resource for grid flexibility and energy storage. 
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GW, slightly lower than the current existing U.S. conventional hydropower nameplate capacity 

(79.5 GW; NHAAP, 2013). Undeveloped NSD generation with these areas excluded is estimated 

to be 347.3 TWh/year, roughly 128% of the average 2002ï2011 net annual generation from 

existing plants (272 TWh/year; EIA, 2013). Since the assessment was designed to identify 

potential run-of-river projects, NSD stream-reaches have higher capacity factors (53%ï71%), 

especially compared with conventional larger-storage peaking-operation projects that usually 

have capacity factors of around 30%. 

 

Table ES.1.  Summary of NSD Findings by Hydrologic Regions 
Hydrologic region Capacity (MW) Generation (MWh/year) Capacity factor 

01 New England 2,143 12,433,000 66% 

02 Mid-Atlantic 4,710 25,945,000 63% 

03 South Atlantic-Gulf 2,561 14,205,000 63% 

04 Great Lakes 1,425 8,444,000 68% 

05 Ohio 4,757 25,288,000 61% 

06 Tennessee 1,363 7,995,000 67% 

07 Upper Mississippi 2,081 11,546,000 63% 

08 Lower Mississippi 2,072 12,074,000 67% 

09 Souris-Red-Rainy 151 787,000 60% 

10 Missouri 11,686 69,011,000 67% 

11 ArkansasïWhiteïRed 6,013 33,994,000 65% 

12 Texas-Gulf 783 3,666,000 53% 

13 Rio Grande 1,637 9,310,000 65% 

14 Upper Colorado 3,033 18,232,000 69% 

15 Lower Colorado 2,613 16,273,000 71% 

16 Great Basin 564 3,105,000 63% 

17 Pacific Northwest 25,226 148,999,000 67% 

18 California 7,054 37,987,000 61% 

19 Alaska* 4,723 (not estimated) (not estimated) 

20 Hawaii* 145 699,000 53% 

 Total 84,740 459,993,000 66% 

*The Alaska and Hawaii potential are estimated by a different approach from that used for other regions. 

 

The estimated NSD capacity and generation for both higher-energy-density and lower-energy-

density stream-reaches are further summarized in Table ES.2 for each state. The downstream end 

of a stream-reach is treated as the possible development location to determine specific location 

within states. When a stream-reach is located on the border of multiple states, the potential 

capacity and generation are distributed evenly into each neighboring state to compute the state-

based totals. The highest potential is found in Oregon, Washington, and Idahoðthe three states 

in the Pacific Northwestðfollowed by California, Alaska, Montana, and Colorado. 

The main NSD findings are aggregated by HUC10 Hydrologic Watersheds and released through 

NHAAP (http://nhaap.ornl.gov/) to support further hydropower research activities. Detailed 

results with location-specific features are available through a user agreement to ensure the 

appropriate use and interpretation of the location-specific results. Note that the primary goal of 

the NSD assessment is to provide a national-scale, reconnaissance-level analysis to identify high-

energy-intensity stream-reaches and classify new potential areas using a range of technical, 

http://nhaap.ornl.gov/
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socioeconomic, and environmental characteristics. The NSD assessment is not intended to 

determine economic feasibility, justify financial investment for individual site development, or 

replace on-site physical and environmental assessments. For site-specific hydropower 

development, all design characteristics, including hydraulic head and flow, should be reevaluated 

based on more accurate direct measurement. 

 

Table ES.2.  Summary of NSD Findings by States 
State Potential 

capacity (MW) 

Potential generation 

(MWh/y ear)  

State Potential 

capacity (MW) 

Potential generation 

(MWh/y ear)  

AK*  4,723 (not estimated) MT 4,763 28,201,000 

AL 663 3,522,000 NC 857 5,067,000 

AR 1,253 6,685,000 ND 252 1,524,000 

AZ 2,484 1,5459,000 NE 1,942 11,917,000 

CA 6,983 3,7564,000 NH 407 2,410,000 

CO 4,295 2,5623,000 NJ 171 1,006,000 

CT 151 865,000 NM 1,280 7,193,000 

DE 6 35,000 NV 232 1,245,000 

FL 170 956,000 NY 1,900 10,715,000 

GA 621 3,604,000 OH 535 2,800,000 

HI*  145 699,000 OK 1,147 5,838,000 

IA 736 3,869,000 OR 8,920 53,353,000 

ID 7,018 41,015,000 PA 2,889 15,795,000 

IL  599 3,241,000 RI 13 71,000 

IN 581 3,123,000 SC 309 1,844,000 

KS 2,479 14,931,000 SD 230 1,363,000 

KY 675 3,301,000 TN 1,002 5,618,000 

LA 790 4,463,000 TX 1,580 8,089,000 

MA 194 1,114,000 UT 1,376 8,246,000 

MD 223 1,212,000 VA 1,234 6,869,000 

ME 1,132 6,532,000 VT 401 2,344,000 

MI  449 2,866,000 WA 7,381 43,788,000 

MN 568 3,191,000 WI 556 3,513,000 

MO 2,512 14,514,000 WV 1,851 9,910,000 

MS 1,129 6,449,000 WY 2,960 10,776,000 

 * The AK and HI potential are estimated by a different approach from that used for the other 48 states. 
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1. INTRODUCTION 

1.1. Scope and Objective 

With the rapid development of multiple national geospatial datasets for topography, hydrology, 

and environmental characteristics in the past decade, new opportunity arises for the refinement of 

hydropower resource potential from undeveloped stream-reaches. Through 2011 to 2013, the 

Oak Ridge National Laboratory (ORNL) was tasked by the U.S. Department of Energy (DOE) 

Water Power Program to evaluate the new stream-reach development (NSD)
2
 resource potential 

for more than 3 million U.S. streams. This wide spatial scope demands an approximate 

methodology that may (1) resolve aggregate potential within hydrologic regions and electric 

power systems and (2) enable the modeling of regional and national scenarios of existing and 

new electric power generation technology deployment through the development of hydropower 

capacity cost versus supply curves. A methodology hence was designed that contains three main 

components: (1) identification of stream-reaches with high energy density, (2) topographical 

analysis of opportunity stream-reaches to estimate inundated surface area and reservoir storage, 

and (3) environmental attribution to spatially join the energy potential of stream-reaches with 

information related to the natural ecological systems; social and cultural settings; and policies, 

management, and legal constraints. An initial report on methodology (Hadjerioua et al., 2013) 

was reviewed and revised based on the comments gathered from two peer review workshops 

(December 2011 for resource characterization and June 2012 for environmental attribution). 

After implementing the assessment for the entire United States, this report summarizes the major 

findings across various hydrologic regions. A summary of the methodology is provided in 

Section 2. The national findings are summarized in Section 3. More detailed findings in each 

hydrologic region are discussed in Sections 4ï23. A comparison with the previous resource 

assessment is provided in Appendix A. 

1.2. Limitations of the Study 

Since this assessment is designed to accommodate the whole of more than 3 million U.S. streams, 

it is targeted at the higher ñreconnaissance levelò (RETScreen International, 2005). The 

methodology considers only the physical characteristics of each stream and landscape and does 

not consider feasibility issues arising from environmental impacts, cost, or benefits. Although the 

methodology allows for the identification of stream-reaches of high energy density, and 

classification of new potential areas for hydropower development using a range of technical, 

socio-economic, and environmental characteristics, it does not produce estimates of capacity, 

production, cost, or impacts of sufficient accuracy to determine absolute economic feasibility or 

to justify financial investments in individual site development. These potential high-energy-

density areas should be regarded as worthy of more detailed site-by-site evaluation by 

                                                 
2 The DOE Water Power Program classifies hydropower potential into multiple resource classes. These are (1) upgrades to 

existing facilities, (2) expansion of existing facilities, (3) powering of non-powered dams, (4) development at new ñheretofore 

undevelopedò stream-reaches, and (5) energy recovery in constructed waterways. Although it does not yield a net production of 

energy, pumped-storage hydropower is recognized as a valuable resource for grid flexibility and energy storage. 
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engineering professionals. More detailed information about the assumptions and intended use of 

these results is available in the NSD methodology report. 

1.3. Availability of the Results 

These results are distributed through the National Hydropower Asset Assessment Project 

(NHAAP) Public Portal (http://nhaap.ornl.gov/) to support further research activities. The 

following major variables are available: 

¶ Basic attributes: coordinates, state, county, hydrologic unit, site elevation (ft), river name, 

channel slope, head (ft), flow (cfs), capacity (MW), monthly energy (MWh), reservoir 

storage (ac-ft), inundated area (ac), and residence time (day) 

¶ Environmental attributes: critical habitats (no. species), Endangered Species Act (ESA) 

federally listed fish species (no. species), International Union for the Conservation of Nature 

(IUCN) species of concern (no. species), potadromous or anadromous fish (no. species), 

protected land (presence/absence), land-ownership index (no. entities), land-designation 

index (no. designations), U.S. national park (presence/absence), Wild and Scenic River 

(presence/absence), 303d listed waterbodies (no. waterbodies), American Whitewater boating 

runs (no. boating runs), boat ramps (no. boat ramps), fishing access points (no. access 

locations), surface water use (l/day
-1

 Ā km
-2

), ground water use (l/day
-1

 Ā km
-2

), urban land 

cover (%), population density (individuals/km
-2

), dams in local watershed (no. dams), total 

dams in entire upstream network (no. dams), land disturbance index (score from National 

Fish Habitat Action Plan [NFHAP]) 

The NHAAP-NSD results are available in tiered form to encourage ease of use and appropriate 

use. Basic results depicting availability of new energy within basins are available from the Public 

Portal. Detailed results with location-specific features are available through a user agreement to 

ensure that appropriate use and interpretations of the location-specific results are followed. In 

particular, neither ORNL nor DOE approves of the use of these results in support of site-specific 

permit applications to the Federal Energy Regulatory Commission (FERC).  

http://nhaap.ornl.gov/
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2. SUMMARY OF METHODOLOGY 

This section summaries the NSD methodology developed by Hadjerioua et al. (2013). The 

assessment incorporates, by reference, the hydrologic unit code (HUC) hierarchy of region 

(HUC02), subregion (HUC04), basin (HUC06), subbasin (HUC08), watershed (HUC10), and 

subwatershed (HUC12). This hierarchy was originally specified in the U.S. Geological Survey 

(USGS) Water Supply Paper 2294 (Seaber et al., 1987) and refined and expanded in the 

Watershed Boundary Dataset (WBD) (USGS and USDA-NRCS, 2009). Within the NSD effort, 

subregion (HUC04) is selected as the fundamental hydrologic unit for modeling, parameter 

estimation, and analyses of energy potential. The methodology contained two partsðresource 

evaluation that quantified hydropower potential at undeveloped U.S. stream-reaches 

(summarized in Section 2.1) and environmental attribution that labeled environmental and social-

economical characteristics to the identified NSD stream-reaches (summarized in Section 2.2). 

Both parts were reviewed and revised based on the comments gathered from two peer review 

workshops (December 2011 for resource evaluation and June 2012 for environmental attribution). 

A pilot study was conducted for Alabama-Coosa-Tallapoosa (ACT) and Apalachicola-

Chattahoochee-Flint (ACF) hydrologic subregions and included in the initial methodology report 

(Hadjerioua et al., 2013). The methodology was then implemented for the entire conterminous 

United States. Given that some critical data are unavailable in Alaska and Hawaii, it was decided 

to summarize the undeveloped hydropower potential from existing literatures in these two 

regions, rather than conduct new geospatial assessments based on limited data. The Alaska and 

Hawaii data source and results are reported in Sections 22 and 23. 

2.1. Resource Evaluation  

2.1.1. Data Sources 

Hydropower resource assessment requires several types of data, including watershed boundaries, 

river geometry, topography, and water availability. These data enable the estimation of two 

critical variables for hydropower generationðnet hydraulic head (height difference between 

upstream pool and tailwater elevation) and design flow. Head and flow can then be augmented 

with data and computation to estimate additional parameters, such as storage volume, inundated 

area, and other NSD attributes. While the proposed NSD methodology presented herein includes 

the preliminary objective of maximizing generating capacity per unit of inundated surface area, 

the scope of the data collection effort is designed to support characterization of sites based upon 

multiple objectives in future development scenarios. Table 2.1 summarizes the data used for 

resource evaluation. 

2.1.2. Energy Production Model 

Consistent with previous studies (DOI et al., 2007; Reclamation, 2011), the following power 

equation is used to estimate hydropower potential P (watt) that may be produced with net 

hydraulic head H (ft) and flow Q (ft
3
/s): 

 

http://pubs.usgs.gov/wsp/wsp2294/
http://pubs.usgs.gov/wsp/wsp2294/
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Table 2.1.  Summary of Data Used for Resource Evaluation 

Data type Data source Note 

Watershed boundary ¶ USDA/NRCS Watershed Boundary Dataset 

(WBD; USGS and USDA-NRCS, 2009) 

 

River geometry, 

existing water 

bodies 

¶ USGS/EPA National Hydrography Dataset 

Plus (NHDPlus; http://www. horizon-

systems.com/nhdplus/ 

NHDPlusV1_home.php) 

NSD assessment is based on 

NHDPlus version 1  

Existing dams  ¶ USACE National Inventory of Dams (NID, 

http://www.nid.usace.army.mil) 

NSD assessment is based on NID 

version 2010 

Topography ¶ USGS National Elevation Dataset (NED; 

Gesch et al., 2002) 

1/3 arc-second (about 10-m) 

resolution is used 

Flow estimates ¶ USGS National Water Information System 

(NWIS; http://waterdata.usgs. gov/nwis) 

¶ USGS WaterWatch Runoff (Brakebill et al., 

2011) 

¶ NHDPlus 

Design flow is estimated from 

selected NWIS gauges and then 

extended to the NHDPlus flowlines. 

Monthly flow time-series is 

synthesized from the WaterWatch 

runoff 

Flood zone ¶ FEMA Flood Insurance Study (FIS, 

http://www.msc.fema.gov/) 

100-year flood lines are used to 

derive the reference height  

Notes: USDA = US Department of Agriculture; NRCS = Natural Resources Conservation Service; EPA = Environmental 

Protection Agency; USACE = US Army Corps of Engineers; FEMA = Federal Emergency Management Agency.  

 

0 Ãz ɾz ʂz ( 1z       (2.1). 

In Eq. (2.1), ɖ is the generating efficiency, ‎ = 9800 N/m
3
 is the specific weight of water, and c = 

(0.3048)
4
 is the unit conversion factor. For the purpose of hydropower resource assessment, 

future hydropower plant operation is usually considered to be around the optimal operating 

point; therefore – can be reasonably assumed to be a constant 0.85 (e.g., USACE, 1983).  

For flow, although there is no precise answer regarding what threshold should be used for 

hydropower resource assessment, Q30, defined as the 30% exceedance quantile from the daily 

flow-duration curve, is generally regarded as a suitable empirical value that would result in an 

estimate in the range of the optimal installed capacity per dollar of capital investment (Section 

3.1, Reclamation, 2011). The NSD assessment hence used Q30 as the plant hydraulic capacity for 

consistency with Reclamation (2011). As described in the details in Hadjerioua et al. (2013), for 

each HUC04 subregion, a conversion ratio is estimated by comparing Q30 from USGS NWIS 

daily streamflow gauge stations to the corresponding NHDPlus annual mean flow, so that the 

ratio can be used to estimate Q30 for each NHDPlus flowline.  

For hydraulic head, a reference height, Href, defined as the height from a future development 

location to the nearest FEMA 100 year flood line, is used to estimate the hydropower potential at 

an NSD stream-reach. Although the purpose of FEMA flood analysis is unrelated to hydropower, 

the current flood zones may provide valuable insights for inferring the selection of future NSD 

stream-reaches. To be more specific, owing to regulatory constraints, there are usually fewer 

existing residences or civil structures in FEMA 100 year flood zones (i.e., they are relatively 

empty); hence, the FEMA 100 year flood line can be regarded as an invisible boundary of 

existing civil development. So if NSD inundation is limited to the regions within FEMA 100 
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year flood zones, there is more of a chance that new hydro development will affect fewer 

existing structures and would potentially be less costly. 

With the above simplification, the potential NSD capacity PNSD (Watt) can be estimated by  

ὖ ὧz ɾz ʂz Ὄ ὗz       (2.2). 

To estimate the potential energy, we further synthesized 20 years of monthly streamflow time 

series (from January 1989 to December 2008) using USGS WaterWatch unit runoff (Brakebill et 

al., 2011) for each NSD stream-reach. In month m, let QWW,m (cfs) be the synthesized 

WaterWatch streamflow and Tm (hour) be the total number of hours; Eq. (2.3) can then be used 

to estimate the potential energy production, ENSD,m (watt * hour/month): 

Ὁ ȟ

ὧz ɾz ʂz Ὄ ᶻὗ Ὕz ȟ ὗ ȟ ὗ

ὧz ɾz ʂz Ὄ ᶻὗ ȟ Ὕz ȟπ ὗ ȟ ὗ
 (2.3). 

Since our target is new run-of-river projects with limited storage, the flow QWW,m that is greater 

than Q30 can hardly be stored and is assumed to be spilled directly. After the monthly energy 

ENSD,m is estimated, the potential mean annual energy production, ENSD (watt * hour/year), and 

monthly energy production, EJAN, EFEB, é, and EDEC (watt * hour/month), can be estimated. The 

energy estimators can be improved in future studies by increasing the resolution and accuracy of 

the streamflow time series. 

It should be noted that Eqs. (2.2) and (2.3) are based on a reservoir-impoundment model (i.e., the 

location of a future powerhouse is assumed to be immediately downstream of a dam with all 

available net hydraulic head resulting from the impoundment). Another common choice is the 

flow-diversion model, which uses penstocks/conduits to divert water from an upstream intake 

point to a downstream powerhouse and then return the flow back to the stream. The flow-

diversion model does not require a dam higher than the reservoir-impoundment model and so 

may result in less surface inundation. Nevertheless, since only a portion of water can be diverted 

through conduits (i.e., sufficient streamflow is needed in the original river channel to sustain the 

existing ecology and environment), the amount of available energy is generally less than in a 

corresponding reservoir-impoundment model with a similar head. In order to capture the total 

U.S. hydropower energy potential, the NSD assessment is based on the reservoir-impoundment 

model. Based on some further assumptions (see Hadjerioua et al., 2013), the alternative power 

potential using the flow-diversion model can be calculated by reducing the hydraulic head to 

account for the frictional loss through diversion. 

2.1.3. Procedures for Resource Evaluation 

The general assessment procedures are described below, with an overall flowchart shown in 

Figure 2.1. 

1. Preliminary selection of stream segment population (SSP). There are around 3 million 

raw NHDPlus flowlines in the conterminous United States (i.e., geospatial lines with unique 

NHDPlus COMID identifier). For simplification, a preliminary selection of NHDPlus 
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flowlines is performed to eliminate smaller stream segments. Since the focus is on new run-

of-river projects, it was decided to exclude NHDPlus flowlines with estimated annual mean 

flow QNHDPlus of less than 35 cfs, in which the excluded flowlines will need at least 400 ft of 

head for 1 MW of hydropower potential. Around 2.7 million (90%) smaller segments are 

eliminated and the remaining 300,000 (10%) NHDPlus flowlines are included in the SSP 

collection for further assessment. Any flowlines that overlap with existing water bodies are 

also removed, since the water may have been regulated by existing dams (i.e., not in the new 

hydro resource class). 

 

 

Figure 2.1.  General steps of the NSD methodology. 

2. Discretization of NHDPlus flowlines. Given that the NHDPlus flowlines vary in length 

(from less than a mile to several miles), all NHDPlus flowlines in SSP are discretized into 

150 m long subsegments to better identify the potential NSD stream-reaches. For each sub-

segment, the elevation is linearly interpolated from the starting and ending elevations of the 

original NHDPlus flowline, assuming no abrupt slope change in between. An illustration is 

shown in Figure 2.2. The interpolated elevation may be inconsistent with the corresponding 

10 meter NED, mainly because the original NHDPlus elevation was derived from the 30 m 

NED. Quality control was performed to filter out those stream-reaches with larger 

inconsistencies in elevation between NHDPlus and NED. Based on the findings from 

national implementation, elevations from different datasets are mostly consistent at the 

identified NSD stream-reaches and are not a source of significant uncertainty. 

3. Calculation of reference height (Href). A reference height, Href, defined as the height from a 

discretized subsegment to the nearest FEMA 100-year flood line, is used to calculate the 

DŜƻǎǇŀǘƛŀƭ 5ŀǘŀ tǊƻŎŜǎǎƛƴƎ 

/ŀƭŎǳƭŀǘƛƻƴ ƻŦ 
IȅŘǊŀǳƭƛŎ IŜŀŘ 

/ŀƭŎǳƭŀǘƛƻƴ ƻŦ 
Cƭƻǿ {ǘŀǘƛǎǘƛŎǎ 

LŘŜƴǘƛŦȅ !ǊŜŀǎ ƻŦ IƛƎƘŜǊ 9ƴŜǊƎȅ LƴǘŜƴǎƛǘȅ 

/ŀƭŎǳƭŀǘƛƻƴ ƻŦ 
{ǘƻǊŀƎŜ ŀƴŘ 
LƴǳƴŘŀǘƛƻƴ 

/ŀƭŎǳƭŀǘƛƻƴ ƻŦ 
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!ǘǘǊƛōǳǘƛƻƴ 

vǳŀƭƛǘȅ /ƻƴǘǊƻƭ 



 

7 

 

potential hydropower at a NSD site. In other words, it is assumed that the new hydro sites 

will not inundate additional area other than the current 100-year flood zone. For each 

discretized NHDPlus subsegment, a cross-sectional profile is drawn perpendicular to the sub-

segment. The end points of a cross-sectional profile are defined when the cross section line 

touches the FEMA 100-year flood lines. Elevations of these end points are then looked up 

from the 10 m NED and used to calculate Href. If the FEMA 100 year flood lines are missing 

for too many locations, the median Href from all other identified subsegments in the same 

HUC04 subregion is used instead. 

 

 
Figure 2.2.  Illustration of NHDPlus flowline discretization. 

4. Calculation of plant hydraulic dapacity (Q30). For each subregion, all USGS NWIS gauge 

stations with complete 1989ï2008 daily observations are identified. The 30% daily 

exceedance flow (Q30) is then computed at each gauge station. Consistent with Step 1, gauges 

with Q30 of less than 35 cfs were excluded. At the same location as the USGS gauge station, 

the corresponding NHDPlus annual mean flow QNHDPlus was identified for comparison. Given 

that a strong linear relationship is typical between Q30 and QNHDPlus, a conversion ratio was 

estimated to calculate Q30 based on QNHDPlus, so that the plant hydraulic capacity can be 

estimated at each NHDPlus subsegment. The QNHDPlus is readily available within the 

NHDPlus dataset, so the conversion ratio provides a straightforward way to approximate Q30 

from available resources. 

5. Stream-reach identification. Within each HUC04 subregion, the NSD assessment identifies 

potential locations for hydropower development in the order of decreasing HQS, a product of 

Href, Q30, and average channel slope S0 (elevation drop divided by the river length). Although 
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the product of Href and Q30 is proportional to power, implying that higher dam height may 

result in larger power output, raising dam height usually comes with a tradeoff of increasing 

inundation and may potentially result in greater impacts. Therefore, the channel slope, S0, is 

included in the optimization, since higher S0 usually implies a smaller inundated area. 

Following the decreasing order of HQS, NHDPlus subsegments are identified and transferred 

from SSP to the new stream-reach development population (NSDP). All subsegments that 

will be inundated by the identified NSDP will be removed from the SSP before the next 

iteration. The process will be repeated until all potential sites with 1 MW of minimum raw 

potential have been identified and included in the NSDP. The detailed stream-reach 

identification methods can also be found in Pasha et al. (2014). 

6. Calculation of storage (VNSD) and delineation of inundated surface area (ANSD). Once a 

potential stream-reach and a targeted dam height (Href) have been suggested, it is of interest 

to identify those upstream regions that may be inundated as a result of new hydro 

development. By estimating the flow direction of each 10 m NED grid based on elevation, 

the inundated surface area (ANSD) upstream of a new hydro site is delineated and outputted as 

GIS shapefiles for further geospatial analysis. The total reservoir storage (VNSD) and 

residence time (TNSD) are also estimated based on the inundated surface area and the 

estimated annual mean flow QNHDPlus. Given that this process is fairly computationally 

intensive, a customized computational program has been developed to facilitate a great 

number of potential NSD sites. Since the NSD focus is on smaller hydro sites, the existing 

30 m resolution flow duration grids from NHDPlus dataset are insufficient and must be re-

estimated (based on the 10 m resolution NED). 

7. Calculation of hydropower capacity (PNSD) and hydroelectricity energy (ENSD). After the 

reference height (Href) and plant hydraulic capacity (Q30) are estimated, Eq. 2.2 is used to 

estimate the hydropower capacity (PNSD). Based on PNSD and a streamflow time series, the 

energy production or generation (ENSD) can be calculated. Since the daily or sub-daily 

resolution streamflow time series are unavailable at most of the ungauged locations, the 

monthly streamflow time series synthesized from the USGS WaterWatch runoff are used in 

this NSD assessment as an alternative to calculate ENSD. Within each month, the part of 

streamflow higher than Q30 is considered spilled and not used for hydropower generation. By 

summing all monthly energy from January 1989 to December 2008, and dividing by 20 

years, the potential mean annual energy production ENSD is estimated. The ENSD serves as the 

baseline estimate of energy and can be improved in the future studies by increasing the 

resolution and accuracy of the synthesized streamflow time series. 

8. Quality control. Given that several different datasets are jointly analyzed in the NSD 

assessment, data mismatch can occasionally occur. For instance, the NHDPlus elevation is 

based on the 30 m resolution NED and it can be inconsistent with the 10 m. NED that was 

used to derive the inundation polygons. As a result, quality control through manual checking 

is required to ensure the accuracy of the national estimates. 

Because a new hydropower cost modeling effort was just initiated in mid-2013, the originally 

planned cost estimation task (Hadjerioua et al., 2013) is deferred until more credible cost data 

and models have become available to the research team. 
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2.2. Environmental Attribution  

In an NSD assessment, environmental attributes are considered to be ecological, socioeconomic, 

and legal/geopolitical concerns that may arise with regard to potential hydropower development. 

All of these elements are considered environmental because they share substantial overlap with 

regard to landscape planning decisions. The environment is considered to be a defined area 

surrounding each potential hydropower site, the size of which depends upon the particular issue 

under consideration. 

A four-step process is used to discern the ecological, socioeconomic, and legal/geopolitical 

attributes of interest for each potential area of new hydropower development: 

1. Hypothesis generation is used to compile a comprehensive list of potential environmental 

issues and information required to evaluate each issue. 

2. Spatial and tabular datasets are gathered using internet sources. The availability of 

needed information is assessed, and, based on data availability, a prioritized list of data 

sets is generated. 

3. Some datasets are not in a format or scale applicable to this analysis or lacked additional 

relevant information. Thus derived datasets are created at similar spatial scales using 

geospatial processing and tabular data summarization. 

4. All spatial datasets are used to attribute each identified stream-reach with environmental 

information in a tabular format. 

2.2.1. Data Sources 

Assessing potential environmental issues related to hydropower development requires compiling 

information on natural resources, geopolitical boundaries, existing infrastructure, cultural, 

aesthetic, and recreational needs. Before any information is gathered, potential impediments to 

new hydropower development (including possible environmental, geopolitical, and 

socioeconomic concerns) are identified via external consultation or document reviews. 

Environmental impact statement (EIS) reports and FERC license approval articles are inspected 

to identify potential issues. Once a sufficient list of issues is generated, the various types of 

information required to characterize and analyze each are produced. Information is preferred at 

the scale of the entire country or conterminous United States. Internet searches are also 

conducted through USGS, NatureServe, National Fish Habitat Action Plan (NFHAP), U.S. 

Census Bureau, USACE NID, U.S. Fish and Wildlife, Geology.com, EPA, National Wild and 

Scenic Rivers, National Atlas, and other webpages, including Google® searches. Potential issues 

to be characterized and attributed are finalized on the basis of information priority level and 

availability.  

Because most sources of information are not confined to a specific spatial coverage (e.g., land 

ownership), environmental attribution can be provided at spatial scales congruent with 

prospective hydropower development areas (e.g., site-level, NHD scale). However, the finest 

resolution of water use and fish distributions is the HUC08 subbasin; therefore, all potential 

development areas within the same HUC08 would share similar attribution for these variables. 

Table 2.2 summarizes the major environmental data sources used in this section. 
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Table 2.2.  Summary of Data Sources Used in the Environmental Attribution 

Data type Data source Note 

Fish species digital 

distribution 
¶ NatureServe digital distribution maps 

of freshwater fishes of the United 

States 

Spatially summarizes federally listed 

fish species and traits  

Federally listed species 

(ESA) 
¶ U.S. FWS endangered species 

program 

Species lists provide types of 

organisms and listed status  

Federal and IUCN ranking 

status for fish 
¶ NatureServe explorer species data Lists provide an indication of fish 

imperilment and vulnerability 

Critical habitats  ¶ U.S. FWS Critical Habitat Portal Polygon and polyline coverage of 

federally listed species 

Conservation lands ¶ USGS GAP analysisðProtected area 

database of the United States 

Geopolitical boundaries (national 

parks, state parks, historic 

landmarks) 

County boundaries ¶ U.S. Census Bureau United States county boundaries and 

population estimates 

Water use ¶ USGS Water Use in the United States Provide estimates of total 

consumptive usage in various 

categories  

Water quality (303d listings) ¶ U.S. EPA impaired waters and total 

maximum daily load 

Locations and listings of state 303d 

listings 

Disturbance, 

infrastructure, and land use 
¶ National Fish Habitat Action Plan Population density, number of dams, 

mining activity, land use (% urban, 

percent agriculture), and so on 

Fishing and boat ramp 

access  
¶ DeLorme Publishing Company 

(2012) 

Point locations of fishing and boat 

ramp access points 

Kayak/raft access  ¶ American Whitewater, National 

Whitewater Inventory (AW, 2012) 

Locations of boat launch/take out 

points for whitewater boating 

Waterfalls ¶ Geology.com, U.S. Waterfalls 

(http://geology.com/waterfalls/) 

Point locations of each stateôs 

waterfalls 

 

2.2.2. Methodology 

All data layers used in this analysis are illustrated in Figure 2.3. Most data sources listed in Table 

2.2 can be used directly in assigning environmental attributes to hydropower development areas. 

However, the existing resolution and presentation of some raw data sources may preclude 

meaningful environmental attribution. Thus some raw data are summarized into new derived 

data layers for attribution (Figure 2.3). 

Based on Section 2.1, potential stream-reaches for new development and inundated areas were 

identified, providing virtual dams (points) and associated impoundments (polygons) (Figure 2.4). 

Because dams have potential downstream effects, downstream stream-reaches (i.e., tailwaters) 

should be included as elements of each virtual hydropower development. The length of a 

tailwater affected by hydropower development can vary with dam size and storage, dilution 

effects (from incoming tributaries), and the presence of migratory species. It was presumed that 

16 km or 10 miles would be sufficient to capture most environmental issues. Based on 

topographic linkages among upstream/downstream reaches within NHDPlus, tailwater reaches 

were accumulated from the dam downstream using an additive procedure until their cumulative 

http://geology.com/waterfalls/
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length reached a threshold of 16 km (Figure 2.4). Because NHDPlus flowlines vary in length, 

tailwater reach lengths also vary. Environmental attribution was conducted separately for points 

(dams), lines (tailwaters), and polygons (impoundments). 

 

 
Figure 2.3.  Conceptual organization of data layers and variables.  Chart does not represent structural linkages (i.e., 

database connections) but hierarchical organization.  Major environmental issue categories in the center are further 

divided into many variables, which are factors actually attributed to potential hydropower development areas.  Color 

codes represent whether data layers have been summarized and the scale of summarization. 
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Figure 2.4.  Example of virtual new hydropower site consisting of a point (dam), line (tailwater), and polygon 

(impoundment) and examples of buffers applied to the point and line. 

Buffers are required to ensure that layers of different GIS transformations can interact despite 

potential errors in spatial display or inaccuracies in the underlying data layers. But hydropower 

developments may be influenced by environmental issues regardless of whether boundaries of 

potential dam areas touch boundaries of environmental data layers. Buffers are polygons that 

extend a specified distance from the raw data layer. Different buffer lengths were established to 

points, lines, and polygons using the buffer analysis tool within ESRI ArcGIS (ESRI, 2012). 

Although the available literature was used to inform decisions, there was a paucity of 

information on appropriate buffering distances with regard to energy development. Baban and 

Parry (2001) used a questionnaire targeting public and private sectors to determine criteria for 

locating wind farms in the United Kingdom. The resultant criteria suggested that wind farms 

should not be located within 2000 m of large settlements, 500 m of single dwellings, and 1000 m 

of ecological areas or historical sites. Krewitt and Nitsch (2003) used 500 m as a minimum 

distance from potential wind farms to residential or industrial areas, roads, railroad lines, and 

nature protection areas. In an economic analysis of the effects of proximity to hydropower dams 

on property values, Bohlen and Lewis (2009) found very little evidence of any negative 

economic effects. However, they did suggest that land use within 1500 m of a property can 

influence property values and thus public perception. 

Buffers of variable widths were applied to points, polygons, and lines depending upon the data 

layer (Table 2.3). Points were buffered with an 8 km (5 mile) radius to assess potential critical 

habitat issues related to potential road development, power line development, and associated 

construction (Figure 2.4). A brief review of several randomly selected FERC documents revealed 

2500-m Point Buffer

800-m Line Buffer
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a variety of transmission line distances associated with hydropower projects, ranging from 61 m 

(200 ft), 5.1 km (3.2 mile), 15.7 km (9.7 mile), and 32.2 km (20 mile) (FERC 2003, FERC 2011 

a,b,c,d). Two projects reviewed did not have transmission lines associated with facilities because 

switchyards abutted the powerhouse. Thus the area required for land acquisition and electricity 

transmittance will in part depend upon generation capacity and the distance to the nearest 

electrical grid. A 2500 m radius buffer was applied to points to assess land ownership, 

designation, and conservation status. Polygon (i.e., impoundment) boundaries were complex 

because they were derived by highly detailed digital-elevation-model-derived topography. 

Because of boundary complexity, the buffer function could not be executed in ESRI ArcGIS. 

However, intersection tools in ESRI ArcGIS do allow a user to define the spatial extent to which 

layers can be selected from a known location. Thus variable-distance selection measures (500 to 

800 m [0.5 mile]) were used to attribute polygons depending on the data layer (Table 2.3). Best 

management practices typically recommend 15ï30 m as a minimum forested area for buffering 

riparian corridors (NCFS, 2006); however, this is primarily related to water quality concerns, 

such as erosion and sedimentation, in relation to forestry practices or urban areas. Land 

ownership issues, such as road access, can arise because of land ownership proximity despite 

touching boundaries. In addition, lake development typically requires purchasing lands outside 

the potential impoundment. Thus 800 m buffers provide a distance within the range of existing 

studies. Similar to polygons, 800 m radius buffers were also used for polylines because of issues 

related to land ownership proximity and habitat needs for animals with larger migratory potential 

(birds, amphibians, reptiles) (Table 2.3). 

 

Table 2.3.  Variable Buffer Widths According to Different Data Layers and Different Site Elements (Points, Lines, 

and Polygons) 

      Buffer width (m)   

Category Data layer Point Line Polygon 

Critical habitat Critical habitats 8,000 800 800 

Land ownership Land owner (agency) 2,500 800 800 

Land ownership Land designation 2,500 800 800 

Land ownership Land conservation status 2,500 800 800 

Water quality 303d waterbodies 500 500 500 

Recreation Fishing access/boat ramp 500 500 500 

Recreation Kayak/rafting access 500 500 500 

Recreation Waterfalls 2,500 800 800 

 

Environmental attributes were summarized separately for each point (potential dam location), 

line (tailwater reach), and polygon (impoundment). Attribution ranged from binary responses (1 

or 0), indicating the presence or absence of a data layer, to counts (e.g., number of federally 

listed fish species), to continuous variables (e.g., percent urbanization, water use). The method of 

attribution depended on the environmental issue and the resolution of the data source. For 

environmental data sources summarized at the HUC08 subbasin scale (maps of water use, listed 

ranked fish species, and fish traits), point, line, and polygon were attributed with HUC08 values 
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based on their location within HUC08 boundaries. For environmental data layers not 

summarized into arbitrary units (e.g., fishing access points) or those with spatially contiguous 

coverage (e.g., conservation land polygons), intersection methods were used to determine 

potential effects for point, lines, and polygons. For layers of information summarized for NHD 

flowlines, the COMID, a code used for identifying each NHD flowline, was used to link 

environmental information to each point, line, and polygon. 

Conservation lands within the PAD-US database provided a spatial mosaic of merged polygons, 

each representing a separate entity (e.g., park or landmark). The PAD-US database was used to 

categorize lands by owner type, designations regarding use and intent, and Gap Analysis 

Program (GAP) status code (Figure 2.3). Points, lines, and polygons were attributed with a 

binary response as to whether buffered areas intersected (touched the boundary of) each layer. 

Other datasets (critical habitats, 303d waterbodies, fishing/boat ramp access points, kayak/rafting 

access points, and waterfalls) were represented as smaller, more discrete locations rather than 

extensive spatial coverage. For example, critical habitats represented specific river segments 

(lines) or blocks of land (polygons) for individual species. For these datasets, rather than only 

binary responses to indicate the presence or absence of a potential environmental issue, the 

number of entities possibly affected by hydropower development was indicated. The spatial join 

function in ESRI ArcGIS was used to join one to many elements to each buffered point, line, and 

polygon based on intersection. The number of entities intersecting each buffered layer was then 

enumerated. For critical habitats, the number of speciesô critical habitats was enumerated within 

each taxonomic category. The 303d waterbody dataset represents each impaired waterbody as a 

specific point location, stream reach, or lake/impoundment and provides the reason for 

impairment (e.g., temperature, low oxygen, sediment, pollutant). After 303d waterbodies were 

joined to buffered layers, the number of water bodies within each impairment category was 

enumerated. Recreation datasets (fishing/boat ramp points, kayak/rafting points, and waterfall 

locations) were joined to buffered layers and enumerated. 

The NFHAP database includes cumulative fish habitat disturbance indices, a suite of land use 

variables, and existing infrastructure summarized separately for each local NHDPlus flowline 

and for the network watershed upstream of each NHDPlus flowline. Data within NFHAP are 

provided as shapefiles and tabular attributes for all NHDPlus flowlines, each identified by a 

COMID. Because sites were created in association with NHDPlus flowlines, their locations 

could be identified by COMID. A simple join procedure was used to attribute points and 

polygons with NFHAP information. However, tailwaters were represented by two or more 

NHDPlus flowlines and so have more than one COMID. The most upstream NHDPlus flowline 

and the most downstream NHDPlus flowline were attributed with NFHAP information. Values 

for the entire tailwater were then represented by averages of the upstream and downstream 

flowlines. 



 

15 

 

3. SUMMARY OF FINDINGS 

3.1. Summary of National Resources 

The estimated NSD capacity and generation, including both higher-energy-density (>1 MW per 

reach) and lower-energy-density (<1 MW per reach) stream-reaches, are summarized in Table 

3.1 for each hydrologic region. The highest potential is identified in the Pacific Northwest 

Region (32%), followed by the Missouri Region (15%) and the California Region (9%). In total, 

the undeveloped NSD capacity is 84.7 GW, around the same size as the existing U.S. 

conventional hydropower nameplate capacity (79.5 GW; NHAAP, 2013). In terms of energy, the 

total undeveloped NSD generation is estimated to be 460 TWh/year, around 169% of average 

2002ï2011 net annual generation from existing conventional hydropower plants (272 TWh/year; 

EIA, 2013). Given the run-of-river assumption, NSD stream-reaches have higher capacity factors 

(53%ï71%), especially compared with conventional larger-storage peaking-operation projects 

that usually have capacity factors of around 30%. 

Table 3.1.  Summary of NSD Findings by Hydrologic Regions 
Hydrologic region Capacity (MW) Generation (MWh/year) Capacity factor 

01 New England 2,143 12,433,000 66% 

02 Mid-Atlantic 4,710 25,945,000 63% 

03 South Atlantic-Gulf 2,561 14,205,000 63% 

04 Great Lakes 1,425 8,444,000 68% 

05 Ohio 4,757 25,288,000 61% 

06 Tennessee 1,363 7,995,000 67% 

07 Upper Mississippi 2,081 11,546,000 63% 

08 Lower Mississippi 2,072 12,074,000 67% 

09 Souris-Red-Rainy 151 787,000 60% 

10 Missouri 11,686 69,011,000 67% 

11 ArkansasïWhiteïRed 6,013 33,994,000 65% 

12 Texas-Gulf 783 3,666,000 53% 

13 Rio Grande 1,637 9,310,000 65% 

14 Upper Colorado 3,033 18,232,000 69% 

15 Lower Colorado 2,613 16,273,000 71% 

16 Great Basin 564 3,105,000 63% 

17 Pacific Northwest 25,226 148,999,000 67% 

18 California 7,054 37,987,000 61% 

19 Alaska* 4,723 (not estimated) (not estimated) 

20 Hawaii* 145 699,000 53% 

 Total 84,740 459,993,000 66% 

*The Alaska and Hawaii potential are estimated by a different approach from other regions. 

The estimated NSD capacity and generation, including both higher-energy-density (>1 MW per 

reach) and lower-energy-density (<1 MW per reach) stream-reaches, are further summarized in 

Table 3.2 for each state. The downstream end of a stream-reach is treated as the possible 

development location to determine specific location within states. When a stream-reach is 

located on the border of multiple states, the potential capacity and generation are distributed 

evenly into each neighboring state to compute the state-based totals. The highest potential is 

found in Oregon, Washington, and Idaho, the three states in the Pacific Northwest, followed by 

California, Alaska, Montana, and Colorado. 
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Table 3.2.  Summary of NSD Findings by States 
State Potential 

capacity (MW) 

Potential generation 

(MWh/y ear)  

State Potential 

capacity (MW) 

Potential generation 

(MWh/y ear)  

AK*  4,723 (not estimated) MT 4,763 28,201,000 

AL 663 3,522,000 NC 857 5,067,000 

AR 1,253 6,685,000 ND 252 1,524,000 

AZ 2,484 1,5459,000 NE 1,942 11,917,000 

CA 6,983 3,7564,000 NH 407 2,410,000 

CO 4,295 2,5623,000 NJ 171 1,006,000 

CT 151 865,000 NM 1,280 7,193,000 

DE 6 35,000 NV 232 1,245,000 

FL 170 956,000 NY 1,900 10,715,000 

GA 621 3,604,000 OH 535 2,800,000 

HI*  145 699,000 OK 1,147 5,838,000 

IA 736 3,869,000 OR 8,920 53,353,000 

ID 7,018 41,015,000 PA 2,889 15,795,000 

IL  599 3,241,000 RI 13 71,000 

IN 581 3,123,000 SC 309 1,844,000 

KS 2,479 14,931,000 SD 230 1,363,000 

KY 675 3,301,000 TN 1,002 5,618,000 

LA 790 4,463,000 TX 1,580 8,089,000 

MA 194 1,114,000 UT 1,376 8,246,000 

MD 223 1,212,000 VA 1,234 6,869,000 

ME 1,132 6,532,000 VT 401 2,344,000 

MI  449 2,866,000 WA 7,381 43,788,000 

MN 568 3,191,000 WI 556 3,513,000 

MO 2,512 14,514,000 WV 1,851 9,910,000 

MS 1,129 6,449,000 WY 2,960 10,776,000 

 *The AK and HI potential are estimated by a different approach from the other 48 states. 

The higher-energy-density stream-reaches (>1 MW per reach) are further shown in Figure 3.1, 

with potential capacity aggregated to HUC08 subbasins for illustration. The detailed regional 

results are discussed in the remaining sections of this report. For more insight into this new 

assessment, Appendix A provides a comparison with the previous national hydropower resource 

assessment. 

3.2. Summary of Environmental Attribution  

The total estimated NSD capacity from higher-energy-density stream-reaches (>1 MW per 

reach) overlapping with various environmental concerns is summarized for each hydrologic 

region. The proportion of capacity from stream-reaches intersecting environmental concerns 

varies according to region and the environmental variable. For example, a high proportion of the 

total NSD capacity in the Pacific Northwest Region is associated with stream-reaches 

overlapping ESA critical habitats whereas no or very little capacity is associated with stream-

reaches overlapping critical habitats in the Great Lakes, Mid-Atlantic, Ohio, Texas-Gulf, and 

Upper Mississippi regions (Figure 3.2). In contrast, water-quality concerns are pervasive, 

affecting considerable NSD capacity in all regions (Figure 3.3). The Pacific Northwest, 

California, Lower Colorado, Great Basin, and Upper Colorado regions have higher proportions 

of NSD capacity from stream-reaches falling within HUC08 subbasins with three or more fish 
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Figure 3.1.  Potential new hydropower capacity in the United States (higher-energy-density stream-reaches with >1 

MW per reach, aggregated to HUC08 subbasins for illustration). 

 

species falling under ESA listing categories (Figure 3.4). A considerable proportion of capacity 

is associated with national parks in the Upper and Lower Colorado Regions (Figure 3.5). Wild 

and Scenic Rivers overlap with a large number of stream-reaches in the California, Pacific 

Northwest, and Rio Grande regions (Figure 3.6). Recreation is prevalent across the nation and 

commonly overlaps with NSD stream-reaches. Recreational boating was associated with most 

NSD capacity in the eastern and western hydrologic regions but made up a lower proportion of 

capacity in the midwestern hydrologic regions (Figure 3.7). The proportion of capacity 

associated with fishing access areas is consistent across the nation; however, a large proportion 

was present in the Pacific Northwest Region (Figure 3.8). Water use (l/dayĀkm
2
) is placed into 

categories of low, moderate, moderate-to-high, high, and very high based on percentile values 

(20%, 20%ï40%, 40%ï60%, 60%ï80%, and > 80%) for each hydrologic region (to standardize 

usage across regions). Although water use varies greatly across hydrologic regions, the 

proportion of capacity associated with various use categories is consistent across the nation with 

the exception of the Upper and Lower Mississippi Regions (Figure 3.9). 
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Figure 3.2.  Overlap between NSD capacity potential and ESA critical habitats (stream-reaches with potential 

capacity >1 MW). 

 
Figure 3.3.  Overlap between NSD capacity potential and water quality concerns (stream-reaches with potential 

capacity >1 MW). 
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Figure 3.4.  Overlap between NSD capacity potential and ESA listed fish (stream-reaches with potential capacity >1 

MW). 

 
Figure 3.5.  Overlap between NSD capacity potential and U.S. national parks (stream-reaches with potential 

capacity >1 MW). 




































































































































































































































































































































































