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Abstract 
Water temperatures and water availability can affect the reliable operations of power plants in 
the United States. However, data on water-related impacts on the energy sector are not 
consolidated and are reported by multiple agencies. This study provides an overview of historical 
incidents where water resources have affected power plant operations, discusses the various data 
sources providing information, and creates a publicly available and open access database that 
contains consolidated information about water-related power plant curtailment and shutdown 
incidents. Power plants can be affected by water resources if incoming water temperatures are 
too high, water discharge temperatures are too high, or sufficient water is unavailable to operate. 
Changes in climate have the potential to exacerbate uncertainty over water resource availability 
and temperature. Power plant impacts from water resources include curtailment of generation, 
plant shutdowns, and requests for regulatory variances. In addition, many power plants have 
developed adaptation approaches to reducing the potential risks of water-related issues by 
investing in new technologies or developing and implementing contingency plans for droughts or 
heat waves. This study identifies 43 incidents of water-related power plant issues from 2000 to 
2015, drawing from a variety of different data sets. These incidents occur throughout the United 
States and affect coal and nuclear plants that use once-through, recirculating, and pond-cooling 
systems. In addition, water temperature violations reported to the U.S. Environmental Protection 
Agency are also considered, with 35 temperature violations noted from 2012 to 2015. In addition 
to providing some background information on incidents, this effort has also created an open 
access database on the Open Energy Information (Open EI) platform that contains information 
about water-related power plant issues that platform users can update.  
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Introduction 
Water is integral to the operations of thermal power plants. It is withdrawn from rivers, ocean, 
lakes, aquifers, or other non-traditional sources for cooling, fuel processing, and emissions 
control during electricity generation (Averyt et al. 2011; Argonne National Laboratory 2012; 
Macknick et al. 2012; Meldrum et al. 2013). The electricity sector’s operational water use 
represents 41% of national freshwater withdrawals (Maupin et al. 2014), and the high water 
requirements and water-related dependencies have led to events where power plants have had 
to curtail generation or shutdown (DOE 2013; Rogers et al. 2013). Changes in climatic and 
hydrologic patterns could lead to greater vulnerabilities of power plants in the United States 
in the future (Van Vliet et al. 2012; Van Vliet et al. 2016).  

Water-related issues can impact power generation via three distinct mechanisms: (1) lack of 
cooling water, (2) high intake water temperatures, and (3) high discharge water temperatures. 
Lack of cooling water can cause power generators to curtail power production or shut down 
completely. High temperatures of intake water can reduce plant operating efficiency, reduce 
maximum generation capacity, and force a generator to shut down. After water is withdrawn and 
used for cooling, water discharged back to a body of water that exceeds certain temperatures can 
cause curtailment of power or plant shutdown in order to comply with water quality standards 
and environmental laws.  

In this paper, we examine the availability of data regarding water-related vulnerabilities of 
thermal power plants, and we focus on incidents where water availability and temperature 
impacted power generation in the United States. Identification and analysis of past issues can 
benchmark the regional and economic issues for power generators due to variations in water 
availability and temperature, as well as identify measures that effectively address and prevent 
future water-related vulnerabilities. With the threat of a changing climate, being able to predict 
how water availability and temperature variations can affect the economics and reliability of the 
power sector can help inform planning decisions. In addition, the availability of data can greatly 
influence how well regulators, industry, and researchers are informed in the planning process.  

This paper is structured into four sections. The first section details background information of 
water usage, cooling technologies, and environmental laws and standards that impact thermal 
electric power generation. The second section outlines data sources that were used in data 
collection. The third section summarizes past findings of water impacts on power generation. 
The final section introduces discussion topics important to water use in the power generation 
sector and evaluates data needs for future research.  
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Background 
The thermal electric power generation sector is the largest withdrawer of water in the United 
States. It represents roughly 41% of total water withdrawals and around 4% of total water 
consumptive uses in the United States (Bauer et al. 2014; Maupin et al. 2014). Historically, most 
water withdrawals have been from surface water sources, which made up 94% of thermal electric 
water withdrawals in 2008, but this can vary by region depending on water availability (Averyt 
et al. 2011). Currently, the East and Midwest dominate water withdrawals for thermal electric 
cooling (USGS 2016). The regional water use trends and variations at a county level are shown 
in Figure 1. 

 
Figure 1. Total withdrawals for thermal electric cooling by county, 2010 (Hamilton Project 2014) 

Cooling Technology Characteristics 
Water withdrawal and consumptive uses for thermal electric generating plants depend highly 
on the installed cooling technology, which is generally a once-through, recirculating, or dry 
cooling system.  

Once-through (or “open loop”) cooling systems withdraw water from an ocean, river, or lake and 
use water to condense steam after power generation. Heat is transferred from the steam to 
cooling water via heat exchangers and the heated water is discharged back to the water source. 
For typical once-through cooling systems, water discharges are 14ºF–22ºF higher than inlet 
temperatures. Once-through cooling systems are considered the most efficient and least capital 
intensive cooling technology (GAO 2009; DOE 2010). Once-through cooling systems withdraw 
the most water of all cooling technologies but consume less than recirculating cooing systems as 
shown in Figure 2.  
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Recirculating (or “closed loop”) cooling systems generally use an evaporation cooling tower; 
however, they can also have configurations that use a cooling reservoir or pond. Water use is 
similar to that in once-through systems except that rather than being discharged back to the 
source, the withdrawn water is reused after transferring heat to the air. Recirculating systems 
cool steam to the wet bulb air temperature and are effective at limiting heat input into source 
water bodies (GAO 2009; Stewart et al. 2013). Recirculating cooling systems withdraw much 
less water than once-through systems, but they consume more. Recirculating cooling made up 
88% of thermal electric cooling water consumption in 2011 (Bauer et al. 2014). Recirculating 
systems come with, on average, a 1.2% energy penalty compared with once-through systems 
(DeNooyer et al. 2016).  

Dry cooling systems use air to cool steam rather than water. Movement of air across a cooling 
radiator transfers heat from the cooling fluid to the ambient air. Dry cooling systems drastically 
reduce both water withdrawal and consumption, but they are more costly and less efficient than 
other cooling technologies (Pate et al. 2007). Dry cooling systems have a 2%–3% parasitic 
energy loss, and they cost 1.5 to 8 times more than similarly sized water cooled systems 
(DeNooyer et al. 2016). Hybrid cooling systems use both dry cooled and recirculating 
technologies in the same system to optimize cooling depending on local conditions, and they 
can reduce water consumption 25%–50% compared to only wet-cooled systems (EPRI 2008).  

Water withdrawal and consumption depend on the fuel source and generating technology as 
shown in Figure 3 and Figure 4. 

  
Figure 2. Water withdrawal and consumption of thermal electric generators in the United States, 

2011 (Bauer et al. 2014) 
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Figure 3. Water withdrawal (gal/MWh) for various generation and cooling technologies1 

(Bauer et al. 2014)  

 
Figure 4. Water consumption (gal/MWh) for various generation and cooling technologies (Bauer et 

al. 2014) 

 
Contributing Factors to Cooling Technology Efficiency and Operation 
Several climatic factors can impact cooling system efficiency and operation for thermal electric 
generators. High air temperature limits the cooling ability and efficiency of dry cooled systems, 
which is compounded by higher demand for electricity when air temperature is high. For 
example, dry cooling efficiency losses are generally around 2%–3% in moderate climates but can 
increase to 10% in areas with high ambient air temperatures (Stillwell and Webber 2013). For 
gas-fired generators, high inlet air temperature decreases generation efficiency and capacity 
(Argonne National Laboratory 2012). 

                                                 
1 CC: combined cycle; CFB: circulating fluidized bed; CSP: concentrating solar power; EGS: enhanced geothermal 
system; gal/MWh: gallons per megawatt-hour IGCC: integrated gasification combined cycle; PC: pulverized coal; 
SC: supercritical pulverized coal 
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High inlet water temperature can affect efficiency and operations of thermal generators, 
depending on the type of fuel, prime mover, and cooling system. Every 1.8oF increase in water 
temperature can correspond to up to a -6% in operating efficiency (Colman 2013). Higher inlet 
water temperatures correlate with higher discharge temperature, which may lead to unsafe 
operation or discharge violations (Argonne National Laboratory 2012; Rogers et al. 2013). High-
temperature water contains less dissolved oxygen than cold water and can have negative impacts 
on aquatic ecosystems, including fish kills in certain ecosystems and impacts on species diversity 
(DeNooyer et al. 2016; Averyt et al. 2011).  

During drought and water shortages, thermal generator performance may be impaired even as 
these generators are in higher demand due to lower hydropower output. Low water levels can 
impact the rate of water withdrawal and cause curtailment or complete shutdown. According to 
Kimmel and Veil (2009), most power plant water intakes are less than 20 feet from a source 
water surface. In 2009, during a drought, roughly 43% of the nation’s power plant’s intakes were 
at risk of being exposed (Kimmell and Veil 2009). Decreasing water availability may lead some 
generators to modify intake structures to prevent inlets from being exposed. Also, shallow bodies 
of water are more affected by higher air temperatures, and this can lead to a rise in water 
temperature.  

Overview of Current U.S. Regulations 
The U.S. Environmental Protection Agency (EPA) regulates cooling water systems and thermal 
discharges under Section 316 and 402 of the Clean Water Act. Section 316(a) deals with thermal 
variances in National Pollution Discharge Elimination System (NPDES) permits, and Section 
316(b) regulates the design and operation of cooling water intake structures. Section 402 requires 
NPDES permits that implement limitations to control pollutants such as thermal based upon 
technology and water quality standards. States and U.S. territories can apply for authority to 
regulate several NPDES permit categories. Currently, only Idaho, Massachusetts, New 
Hampshire, New Mexico, and Puerto Rico do not have authority from the EPA to administer a 
state NPDES program (EPA 2016b). Water quality standards and the implementing NPDES 
thermal effluent limitations vary by state, but they typically require that thermal discharges 
remain below 90ºF (Madden, Lewis, and Davis 2013).  

Section 316(a) of the Clean Water Act authorizes the permitting authority to issue less stringent 
permit conditions for the thermal component of discharges in lieu of the limits set out in Sections 
301 and 306 of the Clean Water Act (EPA 2013). For this modification to be allowed under the 
Clean Water Act, an owner or operator must demonstrate to the authorized agency that the 
proposed effluent limitations are more stringent than what is required to assure the protection 
and propagation of indigenous aquatic wildlife in the body of water where the discharge occurs 
(EPA 2002).  

Section 316(b) requires a point source to employ the location, design, construction, and capacity 
of cooling water intake structures that utilize the best technology available for reducing impacts 
to the environment (EPA 2002). EPA has promulgated a series of 316(b) regulations that are 
implemented through the NPDES permit program and point sources will need to update cooling 
water intake structures to the best available technology (BTA) before permit renewal (Tomichek, 
n.d.). Under the recently issued Existing Facility 316(b) regulations that apply to most power 
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plants, installing a recirculating cooling system is one method of compliance with the rule, but 
other methods are available to operators (DOE 2010; Tomichek, n.d.).  

Section 316(a) sets forth a process for generators to comply with environmental standards for 
thermal discharges in situations where high temperatures may lead to curtailment or a shutdown. 
However, this process allows more heat to be transferred to source bodies of water compared to 
normal water quality standards. Section 316(b) is prescriptive on cooling water intake 
technology characteristics which can impact the overall withdrawal and consumption rates of the 
power sector. Section 316(b) does not contribute to individual curtailment events, but renewal 
applications submitted for NPDES permits must demonstrate compliance with section 316(b) 
rules. Costs associated with compliance have caused some operators to change operations or shut 
down.2  

In addition to water-related regulations set by the EPA, the U.S. Nuclear Regulatory Commission 
(NRC) sets limits on inlet temperatures for safe nuclear reactor operation (Bauer et al. 2014). 
Maximum inlet temperatures are based on the installed cooling system and are included in an 
operating license.  

Environmental and safety regulations set the limits for intake and discharge temperatures for 
thermal electric generators. Many different data sources report violations of permit requirements, 
incidents where curtailment occurs to stay within regulations, and where variances are needed to 
maintain power plant operation levels. We analyze these data sources in the next section.  

  

                                                 
2 For example, the Oyster Creek Nuclear Generating Station operators decided to shut down the plant in 2019 rather 
than upgrading the cooling system to the best available technology (New Jersey Department of Environmental 
Protection 2016). 
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Data Sources Analyzed 
The United States Geological Survey (USGS) maintains the most comprehensive data set of 
water withdrawal across sectors in the United States. Every five years, the USGS estimates total 
freshwater and groundwater usage in the United States for different water use categories, 
including thermal electric power, irrigation, and public supply (USGS 2016). Estimates of water 
usage are available at the county level. The most recent data set for total U.S. water withdrawals 
by sector is for the year 2010.  

The Energy Information Agency (EIA) collects data on power plant operations in their Form 923 
survey. For Schedule 8 of this survey, the EIA collects environmental data on a monthly basis 
from thermal electric facilities with a capacity of 100 MW or more. Data are provided on a plant-
by-plant basis for cooling technology employed, water withdrawal, water consumption, and 
average and maximum water intake and discharge temperatures. The most recent data available 
in Form 923 is for 2014.  

The EPA Enforcement and Compliance History Online (ECHO) website provides data regarding 
regulated facilities compliance with NPDES and other environmental quality permits. 
Compliance data are tied to a given facility and are reported monthly. We analyzed only facilities 
that were categorized as electric services (SIC code 4911) with thermal effluent violations from 
January 2012 through December 2015.  

The NRC publishes documents in their Agencywide Documents Access and Management 
System (ADAMS) database. Also, operating permits authorized by the NRC are available in this 
database from which plant level operating temperatures can be gleaned. We analyzed documents 
from ADAMS that referenced regulatory thermal variances for nuclear power plants from 2010 
to 2015. 

The North American Electric Reliability Corporation (NERC) collects data regarding electrical 
emergency incidents and disruptions in form OE-417. Severe weather incidents that cause load 
shedding or generation curtailment must be reported in this form. However, from analyzing OE-
417 data from 2002-2015, we found no severe weather events currently related to reliability 
issues resulting from high temperatures or water availability.  

In states where the EPA has granted the states the authority of NPDES permits, state 
environmental protection agencies publish data regarding thermal variances and temperature 
violations. Each state presents this information in different areas such as environmental registers, 
publication databases, and discharge permits. No relevant data through review of state 
environmental register was used in the incident database.  

Outside of these reporting databases, numerous publications, press releases, and news stories 
reported incidents relating to water issues. Some reports contained detailed information 
regarding the cause and action taken to prevent generators from being out of compliance and to 
improve performance and reliability. The list of these sources can be found in the Incident 
Bibliography in Appendix A. 

The findings from our analysis of these sources—including curtailment events, shutdown events 
and data gaps—are presented in the next section. 
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Results 
Incidents where high water temperatures (intake or discharge) and/or water shortages affected 
power generators are documented in various data sources. Data are presented with regard to 
reported incidents or violations of permit conditions. Some distinct incidents are highlighted to 
show the range of occurrences and compliance methods. Not all data sources documented 
individual curtailment or shutdown events but instead focused on water risks for thermal 
electric generators.  

From 2000 to 2015, 43 incidents were documented in reports, newspaper articles, and press 
releases. Of these incidents, 18 involved coal-fired power plants and 25 involved nuclear plants. 
Incidents are organized into four categories: intake water too warm, discharge water too warm, 
both intake and discharge water too warm, and lack of intake water. Of the 43 incidents, nearly 
half (20) were a result of the discharge water being too warm. There were eight incidents where 
intake water was too warm, seven incidents where both intake and discharge water was too 
warm, and seven cases where there was inadequate intake water volume3. In five cases, data 
sources identified plants that were at risk but no incident had occurred yet. Once-through cooling 
technologies were used in 22 of the 43 incidents. Cooling ponds were used in ten incidents, and 
recirculating cooling technologies were used in eight. Nearly all incidents occurred in summer 
months (generally July and August), and most happened during a drought, heat wave, or both. 
Incidents occurred throughout the United States. Figure 5 shows a map of incidents along with 
key crucial information about each incident. A detailed summary of the incidents can be found in 
Appendix A. 

Analysis of EPA ECHO data found 35 incidents where discharge temperatures for electric power 
plants were greater than the NPDES permit limits between January 2012 and December 2015. 
There were no incidents that overlapped between incidents presented in literature review and 
EPA ECHO data analysis. Compliance limits were highly plant dependent and had different 
discharge temperature limits and regulations for monthly, daily, or instantaneous temperature 
monitoring. Some plants had consistent temperature discharge limits throughout the year, while 
others had different seasonal limits. Some plants had isolated incidents of noncompliance, while 
others had noncompliance incidents that lasted several months or were reoccurring. Violations 
occurred throughout the year, not only in summer, and they were spread across the United States. 
Figure 6 shows the location of NPDES violations from the EPA ECHO database. A summary of 
plant level violations in this timeframe can be found in Appendix B. The 35 incidents represent a 
large increase from five incidents of average monthly discharge temperature violations (four coal 
plants and one natural gas plant) over the previous three-year period (January 2008–December 
2011), as presented in Bauer et al. 2014. However, there is no evidence to currently suggest that 
that this is an indication of a worsening problem and may be due to data reporting or 
methodological differences.  

                                                 
3 One incident—at the Donald C. Cook nuclear plant in Michigan (see Table A-1)—resulted in a shut down when 
a heat wave caused air temperatures inside the containment building to be higher than the operating permit limit 
of 120ºF.  
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Figure 5. Location and key characteristics of water-related power plant curtailments, 2000–2015 (OpenEI 2016b)  
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Figure 6. Location and key characteristics of NPDES violations from the EPA ECHO database, 2012–2015 (OpenEI 2016a)  
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Outside of EPA ECHO reporting, the EPA performed a study on thermal effluent discharges, 
limitations, and variances in 1992. As of 1992, nearly one third of 580 power plants had received 
a thermal variance under Section 316(a) from EPA water quality standards, and a majority of 
these facilities had shown no impact to the environment from thermal discharges. In two 
facilities with active thermal variances, there was evidence of fish kill from high discharge 
temperatures (EPA 1992). This report also documented chronic effects on populations (e.g., 
reduced diversity, health effects, and change in species mix) from certain thermal discharges.  

A review of the NRC ADAMS database found six documents regarding high discharge 
temperatures, thermal variances, and/or intake water levels between January 2010 and December 
2015. Most of the incidents occurred at the peak of summer in July and all but one plant was 
located in Illinois (Turkey Point in Florida requested a variance from NRC for high discharge 
temperatures). All of these incidents are presented in Figure 5 and Appendix A. 

Methods for Complying with Regulations 
Three main types of actions for compliance with regulations emerged during our review of 
incidents: power curtailments, plant shutdowns, and the granting of a thermal variance. 
Allowable variances are granted by the state environmental protection agency or the EPA branch 
that has authority over NPDES permits. Variances are only available through a Water Quality 
Standard (WQS) variance or 316(a) variance implemented through issuance or modification of 
NPDES permits.4 For nuclear power plants, the NRC must be informed of the variance and 
ensure the plant is still operating within safety limits. 

When variances are not available or granted, generators must curtail power to remain within 
discharge temperature limits. Some incidents have led to limited curtailment of output (~3%), 
while others have reduced generating capacity by half. Generation reduction at curtailed 
generators usually increases generation at power plants not affected by the water constraints, 
which could entail importing electricity from other balancing authorities. If generators cannot 
curtail to cool discharge water to remain within safety and environmental limits, a full shutdown 
must be instituted. For the events we examined, 17 plants curtailed power to handle high 
discharge temperatures, eight plants shut down, and five plants attempted to obtain a temporary 
relief variance to remain operational. 

Adaptation Approaches to Preventing Future Incidents 
Methods other than, curtailment, shutdown, or regulatory variances were used in 10 of the 
incidents we evaluated in order to reduce the impacts of the event as well as prevent future 
incidents. Note curtailment and shutdowns are all short term measures and most of the adaptation 
methods discussed focus on fixing long term water vulnerabilities. These adaptation approaches 
included building additional cooling towers, using temporary cooling towers, implementing an 

4 Temporary relief for power plants has been granted by some states previously, but this approach has not been 
allowed for compliance purposes upon further review by the EPA. As an example, Illinois granted relief to a thermal 
variance from NPDES permits in 2012 which was eventually not allowed by the EPA and had no effect on 
compliance.  
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Extreme Heat Implementation Plan5, dredging the source river downstream of discharge, and 
finding new water sources.  

Some adaptation methods, such as the use of cooling towers, are implemented to maintain 
effluent discharge temperatures within the permit limit. Two plants in the incidents reviewed 
built additional cooling towers to deal with high discharge temperatures. The Cumberland coal 
plant in Tennessee installed more cooling capacity in response to a heat wave in 2008, while the 
Harllee Branch coal plant in Georgia identified a risk of high discharge temperatures that 
prompted the installation of additional cooling towers. The Hammond coal plant in Georgia 
used additional portable cooling towers during heat waves in 2007 and 2008 to stay within 
permit limits. The LaSalle nuclear generating station in Illinois developed an Extreme Heat 
Implementation Plan in response to a fish kill in 2001, and it has used this plan four other 
times (in 2002, 2005, 2009, and 2010), according to regulatory documents.6 

Other adaptation measures are in response to the scarcity of water. In 2012, the Duane Arnold 
nuclear plant in Iowa dredged the river upstream of the plant to ensure adequate water supply to 
the plant. Another plant, the Laramie River coal plant in Wyoming, changed its water intake 
source from surface water to irrigation water in order to maintain a reliable water source.  

  

                                                 
5 The Extreme Heat Implementation Plan was specifically developed by LaSalle Generating Facility.  
6 For more information about these incidents, see Table A-1. 
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Discussion Topics 
In this section, we introduce discussion topics important to water use in the power generation 
sector and evaluate data needs for future research.  

Importance of Water on Energy System Cost and Reliability 
The resiliency of power plants to variability in water resource characteristics depends on the 
quantity of water required for operation, the quality of water required, and the combined 
availability and stability (accounts for seasonal water trends, frequency of drought, and impacts 
of drought) of the plant’s water source (Kelic et al. 2009). High water temperatures can lead to 
efficiency downgrades, curtailment, and potentially shutdowns, which can cause imports of 
electricity from other balancing authorities and require the use of more expensive generators to 
meet load. Utility performance is measured based on the percentage of load met through the 
year, so it is in the interest of utilities to take the necessary measures to ensure they can meet 
loads. The North American Electricity Reliability Corporation requires that balancing authorities 
meet Reliability Performance Objectives to ensure a stable and resilient electrical grid. When a 
generator is at risk for shut down or curtailment due to water vulnerabilities, reliability must be 
provided by other generators, placing more burdens on utilities. During a concurrent heat wave 
(which increases demands) and curtailment event (which reduces supplies), there is a trade-off 
for regulators between maintaining system power reliability and protecting the environment. In 
such an event, there may be intense pressure to relax regulations to maintain reliability (Eisenack 
2016).  

Pechan and Eisenack (2014) found that during the 2006 heat wave in Europe, when many 
thermal generators were forced to curtail or shutdown, spot electricity prices were 11% higher 
than average electricity prices. This price increase was more pronounced during peak demand 
(17%) than off peak (7%). According to the analysis, these price increases were mostly passed 
on to consumers and generation costs rose only slightly (Pechan and Eisenack 2014). In the U.S., 
wholesale electricity prices in Texas in 2011 rose from $45/MWh in the morning to over 
$1,900/MWh in the afternoon on the 15 minute ahead real-time market due to high temperatures 
and increased electricity demand (EIA 2011).  

Water shortages can lead to electricity price increases because of their impacts on hydroelectric 
generators and thermal generators. Hydroelectric power production is one of the least expensive 
sources of electricity in terms of marginal costs and generation is dependent on the availability of 
water resources. When water is unavailable, whether due to low reservoir levels, low streamflow, 
or other environmental factors, decreased hydroelectric generation must be compensated by other 
sources of generation that are more expensive to operate. In 2014, for example, power 
production at Hoover Dam was reduced due to an extended drought (Krier 2012). If other 
generators making up lost hydroelectric production require water for cooling, as is commonly the 
case, their operational efficiency could be affected by increased air and water temperatures from 
a drought or heat wave, thus further exacerbating cost increases. Poch et al. (2009) modeled a 
severe drought year for the Western Interconnection and found that due to large reductions in 
hydroelectric power generation and increased natural gas generation, average electricity prices 
increased 7%–34%, depending on the season; impacts were more severe in the summer months 
and lowest in the fall (September and October) (Poch, Conzelmann, and Veselka 2009).  
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Water shortages for thermal generators can lead to curtailment or shutdowns in a balancing 
authority, which can lead to an increase in costs to meet loads. Excess power often must be 
imported into the region, and this expense is often passed on to consumers; for example, in 2008, 
Duke Energy imported 520 MW of power from outside its balancing authority to maintain 
electrical services (Sovacool 2009).  

DOE (2010) found that 347 coal plants were at risk from water demand, supply constraints, or 
both. One third of these plants were in the Southeast, and there was an even split between 
recirculating and once-through cooling technologies (DOE 2010). With increased changes in 
precipitation and climate patterns, drought and heat wave events may become more variable 
and less predictable (NOAA 2013). Regions face different risks, depending on local resources 
and existing generation technologies; the risks in the Northwest primarily relate to hydroelectric 
generation while the risks in the Southwest and the East relate to the high reliance on surface 
water for cooling.  

Along with risks to electrical reliability, a lack of price signals for both water and electricity 
demand. The cost of water often represents a small share of energy production costs, as (1) water 
prices do not reflect region-specific water conditions or methods of conveyance and (2) water 
prices make up a small portion operating costs at power plants compared to fuel purchases. 
However, changes in water quantity or quality can lead to high plant-level and system-level 
costs (Bauer et al. 2014). Moreover, as water represents a small share of generating costs, water 
reliability adaptation measures may be neglected until issues begin to affect generation. A 
potential solution would be to incorporate water price signals into the price of electricity, but 
there is currently no market mechanism available to take water scarcity and prices into account.  

Potential Impacts of Climate Change on Water and Implications for 
Power Sector 
According to recent climate modeling in the context of global energy and water systems by Van 
Vliet et al. (2016), the largest increases in water temperature by 2050 globally are expected in 
eastern North America, Europe, Asia, and Southern Africa (1.3ºF–2.2ºF). Van Vliet et al. (2016) 
also found that a large part of the world would experience increased stream flows due to 
increased precipitation associated with rising temperatures. However, areas where most of the 
thermal electric generators are currently located could see a decrease in annual stream flows 
(Van Vliet et al. 2016). River temperatures are already increasing due to urbanization and higher 
air temperatures. As water flows in some regions decline, higher air temperatures will impact 
water temperatures more than they have in the past (Madden, Lewis, and Davis 2013). 

From a U.S. perspective, DOE 2013 outlined modeled climate changes and the impact on the 
U.S. energy system (DOE 2013). DOE 2013 references climatic trends detailed in NOAA 2013 
that show a 1.5ºF increase in average air temperatures since the start of the 20th century and this 
rate of warming has been shown to be increasing in recent decades (NOAA 2013). Along with 
this rise in temperatures, the frequency and duration of heat wave and drought events is expected 
to increase (NOAA 2013). Also, EPRI 2011 found that nearly 25% of thermoelectric generation 
is projected to be in counties with moderate to high water sustainability stress in 2030 (EPRI 
2011). Overall trends in U.S. climate patterns are shown in Figure 7. 
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Figure 7. Climate indicators that affect water availability (DOE 2013) 

Changing climate will impact efficiencies of thermal electric generators and will change demand 
for electricity. Higher air temperatures will lead to higher water temperatures and will reduce 
cooling efficiencies. Van Vliet et al. (2012) found that average summer capacities of thermal 
electric generators in the U.S. and Europe would decrease by 4.4%–16.0% in summer months, 
with modeled temperature increases and electricity demand (Van Vliet et al. 2012). On a regional 
level, Miara et al. (2013), found that projected climate conditions in the Northeast United States 
would reduce the amount of water available for thermoelectric cooling and result in a loss of 
generation of 2.5% in the Northeast over baseline climate levels (Miara et al. 2013).   

Climate change affects seasonal electricity demand differently, depending on changed heating 
needs, cooling needs, and the extent to which heating and cooling are electrified. With climate 
change, the heating season has shortened and the total amount of energy for heating has 
decreased. Climate change has resulted in a 2ºF–5ºF increase in average spring temperatures in 
the United States over the 20th century (Harto et al. 2011; NOAA 2013). Increases in average 
temperatures have decreased heating demand needs during the winter and spring months7. 
However, this historical increase in average temperatures has led to higher electricity demands 
for cooling in summer and fall months. In contrast, the cooling season has lengthened and the 
total energy used for cooling has increased, with most of the increase in electricity due to the 
large share of electricity for cooling (Dell et al. 2014). Often the increase in cooling needs 
outweighs the decrease in heating needs, leading to an overall increase in electricity demand 
(Coughlin 2008). Harto et al. (2011) found that reported increases in electricity demand for from 
an average air temperature increase of 2ºF were 1%–8% higher than without an increase in 
average air temperature and everything else remaining constant (Harto et al. 2011).  

                                                 
7 Almost half of U.S. homes use natural gas for heating needs compared to electricity (EIA 2015). A reduction in 
heating days will reduce total household energy use, but winter electricity demand will reduce less due to natural gas 
heating systems.  
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Higher air temperatures have led to greater penetration of air conditioning in regions where it 
was previously not needed (e.g. the Northeast U.S.) (DOE 2015). This increased use of air 
conditioning has led to greater peak electricity demand in the summer (Coughlin 2008). The 
Independent System Operator–New England projects that its annual energy use may stay flat or 
decrease slightly between 2015 and 2024, while peak energy demand will increase by 3.3% over 
that timeframe to handle cooling needs (ISO-NE 2016).   

Higher air temperatures may also impact hydroelectric generators, causing evaporation rates in 
reservoirs and potentially leading to early snowmelt. Early snowmelt can lead to reduced 
summer and increased winter availability of water for electricity production, the opposite of 
seasonal demand (Coughlin 2008). Increased variation in precipitation patterns may cause an 
increase in energy usage for water transportation, and water may have to be piped or trucked to 
regions experiencing drought in order to meet demand (Coughlin 2008).  

While climate change will impact water availability on a national level, impacts will vary on a 
regional level (DOE 2015). Planning for water resiliency will need to occur at both a regional 
and national level to reduce impacts from changes in water availability. For more information on 
regional strategies see DOE 2015.  

Data Availability and Gaps 
Studies and data collection in water usage and availability for thermal electric cooling tend to 
consist of periodic snapshots based on estimates and incomplete information (Bauer et al. 2014). 
There is no comprehensive data set that provides regular detailed information at a regional level 
for modeling thermal electric cooling water usage (Bauer et al. 2014). 

A U.S. Government Accountability Office study (GAO 2009) found that users identified data 
limitations with federally available water use data. The USGS presents water usage data at the 
county level by sector—and according to survey respondents, it is important for comparing water 
usages with other sectors and statistics—but the USGS only updates this survey every five years. 
Also, due to budget constraints, the USGS no longer collects data on water consumption from 
thermal electric power plants; it only collects withdrawal data (GAO 2009). The EIA collects 
monthly data on water withdrawal, consumption, and cooling technology from regulated power 
plants over 100 MW in capacity. USGS and EIA provide the most comprehensive data sets for 
water use in thermal electric cooling, but there are still limitations that impact modeling water 
use trends such as frequency of data updates and lack of water consumption rates.  

Data regarding thermal discharge violations and non-compliance events are not collected in one 
readily available source. Collecting data on EPA NPDES violations currently requires a plant-
by-plant analysis of effluent violations for thermal discharge. The NERC OE-417 survey for 
electrical emergency incidents and disruptions currently has only cold or severe weather 
incidents and not any incidents for water temperature or availability affecting power generation. 
Also, curtailment incidents found in the literature and press releases for high water temperatures 
and droughts were not found in reported outage data from OE-417 forms. 

Variances for thermal discharge limits are not currently publicly available in a centralized 
location. Most of these data can be found in individual state environmental registers, but a 
month-by-month analysis of the data is still required to find which variances were granted. NRC 



 

17 

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications. 

collects data on nuclear thermal variances, but accessing those variances requires an exhaustive 
and not readily automated search and review of the entire public document library. The EPA is in 
the process of compiling information on plant variances and the Electric Power Research 
Institute (EPRI) has a database of thermal variances and studies available for purchase. However, 
detailed information regarding plant variances is currently not readily and publicly available 
without purchase. 

Prediction and Prevention of Thermal Violations and Curtailments 
There is no common platform or centralized database to integrate the various data sets of water 
availability, water quality, climate data, and power generation into a model to predict plants at 
risk due to water issues (Pate et al. 2007). While some studies have identified individual plants at 
risk in the United States and at various regions, there is no planning model for identifying future 
water-related vulnerabilities in the overall power sector. Harto et al. (2011) found that areas that 
are accustomed to droughts are often more prepared to deal with water issues than areas with less 
risk for drought, yet climate change could bring new challenges to areas that have not yet been 
forced to confront water-related issues. Along these lines, there have not been detailed studies 
indicating climate thresholds that would lead to more curtailments or shutdowns of thermal 
generators. Numerous plant- and region-specific variables would need to be accounted for, such 
as intake water temperature, air temperature, wind speed, and water supply. Without long-term 
data and modeling, predicting incidents that can affect power system reliability will remain a 
challenge.  

Few data sources are available regarding how water scarcity and changes in water temperature 
have historically affected overall power system operations, reliability, and costs. To date, only a 
few studies have looked at operational and electricity costs from heat waves and droughts for 
select regions. Results have shown historical increases in electricity prices of 7%–17% (Pechan 
and Eisenack 2014), yet these are only in certain locations and do not necessarily provide a good 
guide of future risks or costs, as utilities and many power plants can adapt to changing 
conditions.  

Effects of Cooling System Trends and Regulations 
Before 1970, thermal electric generators were primary built with once-through cooling systems. 
After 1970, primarily recirculating cooling systems were built (EIA 2014). In recent years, some 
plants have used dry cooling technologies, but these are mainly installed on natural gas 
generators (EIA 2014). The trend from once-through cooling to recirculating systems has caused 
water withdrawals per unit of electricity produced in the power sector to decrease, but the 
technology consumes more water. Also, recirculating cooling systems do not transfer heat to 
discharge water bodies and can keep downstream surface water temperatures from rising.  

Section 316(b) of the Clean Water Act calls for thermal electric generators to install the best 
available cooling technology to limit environmental impacts from thermal discharges. The EPA’s 
Section 316(b) regulations suggest installation of recirculating cooling systems for new and 
existing power plants as one method of compliance (EPA 2016a). Installing a recirculating 
cooling system could lead to decreasing water withdrawal rates for an individual generator, but 
could increase consumption, depending on the types of generators (Macknick et al. 2012). The 
amount of increased water consumption from recirculating systems compared with once-through 
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systems can vary greatly, especially when increased evaporation from surface water temperature 
increases are accounted for with once through cooling systems (Diehl et al. 2013). Depending on 
local water availability and demand characteristics, tradeoffs between decreased water 
withdrawals and increased water consumption can have positive or negative regional impacts on 
water resources. Recirculating cooling technologies have historically been affected by elevated 
water intake temperatures as well as low water intake volumes, the impacts of which could 
increase in frequency or intensity with changes in climate (DOE 2013).  

Some studies have recommended using alternative water sources such as ocean water, water 
from coal-bed methane operations, saline groundwater aquifers, and “produced water”8 from oil 
and gas operations (DOE 2010). However, even these alternative sources may decrease the 
overall system cooling efficiency and not be in compliance with Section 316(b) (GAO 2009).  

Description of Database of Historical Water-Related Power 
Plant Curtailments 
Data collected from this study have been made available for public use on the Open Energy 
Information (OpenEI) platform (OpenEI 2016b). Public data are made freely accessible and are 
consolidated in one location. The structure of OpenEI allows for user-initiated contributions to 
the list of water-related power plant curtailments and shutdowns as they arise. This database can 
be used by researchers and policymakers wishing to understand historical challenges the power 
sector has faced related to water resources, and it can serve as the foundation for future modeling 
efforts to predict future vulnerabilities, evaluate stressed water conditions, or plan future 
generation.  

  

                                                 
8 Produced water is water that is produced with oil and gas production and is generally considered a waste stream. 
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Conclusion 
In this paper, we provide an overview of the availability of data for water-related power plant 
curtailments and shutdowns. Drawing upon multiple sources, including peer-reviewed literature, 
press releases, as well as required federal and state reports, this effort provides insight into the 
different ways in which power plants can be vulnerable to water resource adequacy as well as the 
types of data available for analyzing these vulnerabilities. The effort identifies 42 incidents from 
2000 to 2015 that highlight the diversity of ways in which U.S. power plants are affected by 
water temperatures and the availability of water. In addition, water temperature violations 
reported to the U.S. Environmental Protection Agency are also considered, with 35 thermal 
effluent violations noted from 2012 to 2015 (EPA 2016a). These incidents occurred throughout 
the United States and affect power plants using once-through, recirculating, and pond-cooling 
systems. These incidents were then documented in an open source database (Open Energy 
Information) that will allow users to add future incidents. This will provide a centralized place to 
access information on incidents on water vulnerabilities of thermoelectric power plants.  
 
As climate changes lead to more variability in water availability, water quality characteristics, 
and higher electricity demands, curtailment and shutdown incidents could increase. Importantly, 
the power sector has adapted to changes in water resources, through both regulatory and 
technological mechanisms, which could dampen any potential increase in curtailment and 
shutdown incidents. Although water costs are generally a small piece of operational power plant 
costs, they can quickly escalate if water resources are not reliable.  
 
This work accumulates available data sources and previous analyses into one source to inform 
future data and modeling needs. Providing information on past incidents can inform researchers 
and regulators on conditions that may impact water availability and quality in the future. 
Accurate models can help predict areas of water concern in the future and inform planning 
efforts in the future. Regional and national planning efforts that take into account future water 
availability, water needs, and electricity can allow for greater resiliency of the electrical 
power system.   
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Appendix A. Reported Curtailment and Shutdown Events Data 
Table A-1. Reported Curtailment and Shutdown Events Data 

Map # EIA Name Fuel Reason Incident 
Date 

Resolution Resolution 
Detail 

Reported 
State 

Opened Reported 
Cooling 
System 

Reported 
Weather 
Event 

Source 

1 Coal Creek Coal Inadequate 
water intake 
volume 

3/26/2009 Shutdown U.S. Army 
Corps of 
Engineers had 
to shut off 
water releases 
at dam to 
reduce 
pressure from 
ice buildup. 

ND 1979 Recirculating Cold snap Gehring 2009 

2 Leland Olds Coal Inadequate 
water intake 
volume 

3/26/2009 Shutdown U.S. Army 
Corps of 
Engineers had 
to shut off 
water releases 
at dam to 
reduce 
pressure from 
ice buildup. 

ND 1966 Once-through Cold snap Gehring 2009 

3 Duane 
Arnold 
Energy 
Center 

Nuclear Inadequate 
water intake 
volume 

8/9/2012 Other Dredged river 
downstream 

IA 1974 Recirculating Heat wave DeWitte 2012 

4 Prairie 
Island 

Nuclear Intake water 
temperature 

7/29/2006 Curtailment Power output 
derated 

MN 1974 Once-Through Heat wave Krier 2012 

5 LaSalle 
Generating 
Station 

Nuclear Intake/discharge 
water 
temperature 

2001 Other Developed 
Extreme Heat 
Implementation 
Plan 

IL 1984 Cooling Pond __ ADAMS 
ML012330070 

5 LaSalle 
Generating 
Station 

Nuclear Intake/discharge 
water 
temperature 

2002 Other Followed 
Extreme Heat 
Implementation 
Plan 

IL 1984 Cooling Pond __ ADAMS 
ML15023A459 

5 LaSalle 
Generating 
Station 

Nuclear Intake/discharge 
water 
temperature 

2005 Other Followed 
Extreme Heat 
Implementation 
Plan 

IL 1984 Cooling Pond __ ADAMS 
ML052200481 
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Map # EIA Name Fuel Reason Incident 
Date 

Resolution Resolution 
Detail 

Reported 
State 

Opened Reported 
Cooling 
System 

Reported 
Weather 
Event 

Source 

5 LaSalle 
Generating 
Station 

Nuclear Intake/discharge 
water 
temperature 

2009 Other Followed 
Extreme Heat 
Implementation 
Plan 

IL 1984 Cooling Pond __ ADAMS 
ML092040381 

5 LaSalle 
Generating 
Station 

Nuclear Intake/discharge 
water 
temperature 

8/12/2010 Other Followed 
Extreme Heat 
Implementation 
Plan 

IL 1984 Cooling Pond __ ADAMS 
ML102371289 

6 Dresden 
Generating 
Station 

Nuclear Intake/discharge 
water 
temperature 

7/29/2006 Curtailment Reduced 
capacity 

IL 1970 Cooling Pond Drought, 
heat wave 

Krier 2012 

7 Will County Coal Discharge water 
temperature 

7/5/2012 Variance IL EPA 
attempted 
variance to 
NPDES to 
discharge at 
high 
temperature. 

IL 1963 Once-Through heat wave Illinois 
Environmental 
Protection Agency 
2012 

8 Joliet 9 Coal Discharge water 
temperature 

7/1/2012 Variance IL EPA 
attempted 
variance to 
NPDES to 
discharge at 
high 
temperature. 

IL 1959 Once-Through __ Illinois 
Environmental 
Protection Agency 
2012 

9 Joliet 29 Coal Discharge water 
temperature 

7/1/2012 Variance IL EPA 
attempted 
variance to 
NPDES to 
discharge at 
high 
temperature. 

IL 1965 Once-Through __ Illinois 
Environmental 
Protection Agency 
2012 

10 Perry Nuclear Intake water 
temperature 

7/26/2012 Curtailment Power output 
derated 

OH 1987 Recirculating Heat wave Krier 2012 

11 Donald C. 
Cook 

Nuclear Air temperature 
too warm inside 
containment 
building 

7/30/2006 Shutdown Shut down until 
temperature 
inside 
containment 
building was 
less than 
120ºF 

MI 1975 Once-through Heat Wave Krier 2012 
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Map # EIA Name Fuel Reason Incident 
Date 

Resolution Resolution 
Detail 

Reported 
State 

Opened Reported 
Cooling 
System 

Reported 
Weather 
Event 

Source 

12 Quad Cities 
Generating 
Station 

Nuclear Discharge water 
temperature 

7/29/2006 Curtailment Power output 
derated 

IL 1972 Once-Through Heat wave Krier 2012 

13 Powerton Coal Intake water 
temperature 

7/10/2012 Shutdown Power output 
derated, unit 
eventually 
shutdown 

IL 1972 Cooling Pond Heat wave Bruch 2012 

14 Cumberland Coal Discharge water 
temperature 

2008 Other Built extra 
cooling towers 

TN 1973 Once-Through Heat wave Army Corps of 
Engineers 2009 

14 Cumberland Coal Discharge water 
temperature 

2012 Curtailment __ TN 1973 Once-Through Heat wave Union of Concerned 
Scientists 2013b 

15 Braidwood 
Generation 
Station 

Nuclear Discharge water 
temperature 

7/1/2012 Variance Variance 
offered to 
operate at 
102ºF outlet 

IL 1986 Cooling Pond Drought, 
heat wave 

Wald 2012 

16 Limerick Nuclear Intake water 
temperature 

2010 Curtailment Power output 
derated 

PA 1986 Recirculating Heat wave Wise International 
2013 

17 Vermont 
Yankee 

Nuclear Inadequate 
water intake 
volume 

7/12/2012 Curtailment Power output 
derated 

VT 1972 Once-Through Drought Krier 2012 

18 Pilgrim Nuclear Intake water 
temperature 

7/20/2013 Curtailment Curtailment 
until source 
water was 
under 75ºF 

MA 1972 Once-Through Heat wave Clemmer 2013 

19 Millstone Nuclear Intake water 
temperature 

8/14/2012 Shutdown Shut down one 
of two reactors, 
requested 
future variance 

CT 1975 Once-Through Drought, 
heat wave 

Wise International 
2013 

20 Oyster 
Creek 

Nuclear Compliance with 
Clean Water Act 
Section 316(b) 

12/9/2010 Shutdown Plant will shut 
down in 2019 
to comply with 
Section 316(b) 
regulations. 

NJ 1954 Once-Through __ New Jersey 
Department of 
Environmental 
Protection 2010 

21 PSEG Hope 
Creek 
Generating 
Station 

Nuclear Intake water 
temperature 

2010 Curtailment Power output 
derated 

NJ 1986 Recirculating Heat wave Wise International 
2013 
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Resolution Resolution 
Detail 
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Cooling 
System 
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Event 
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22 Riverbend Coal Discharge water 
temperature 

8/12/2007 Curtailment __ NC 1929 Once-Through Drought, 
heat wave 

DOE 2013 

23 G G Allen Coal Discharge water 
temperature 

8/12/2007 Curtailment __ NC 1957 Once-Through Drought, 
heat wave 

Union of Concerned 
Scientists 2013 

24 Gallatin Coal Discharge water 
temperature 

2008 Curtailment Reduced 
output 3% 

MO 1959 None Heat wave Union of Concerned 
Scientists 2013b 

24 Gallatin Coal Discharge water 
temperature 

2012 Curtailment __ MO 1959 None Heat wave Union of Concerned 
Scientists 2013b 

25 Browns 
Ferry 

Nuclear Discharge water 
temperature 

8/5/2008 Shutdown Reduced 
capacity by 
50% 

AL 1977 Once-Through Drought Krier 2012 

25 Browns 
Ferry 

Nuclear Discharge water 
temperature 

8/1/2010 Curtailment Reduced 
capacity by 
50% 

AL 1977 Once-Through Heat wave Times Free Press 
2010 

25 Browns 
Ferry 

Nuclear Discharge water 
temperature 

8/1/2011 Curtailment Reduced 
capacity by 
50% 

AL 1977 Once-Through Heat wave Krier 2012 

26 Hammond Coal Discharge water 
temperature 

2007 - 2008 Other Utilized 
portable 
cooling towers 
to discharge 

GA 1954 Once-Through Heat wave Union of Concerned 
Scientists 2013 

27 Yates Coal Inadequate 
water intake 
volume 

8/1/2000 Curtailment __ GA 1974 Recirculating Drought McGee 2000 

28 Turkey Point Nuclear Discharge water 
temperature 

7/20/2014 Variance Upper limit set 
to 103ºF from 
100ºF, treated 
canal for algae 
growth 

FL __ __ Above 
average 
temperatures 

ADAMS 
ML15314A515 

29 Monticello Nuclear Discharge water 
temperature 

7/29/2006 Curtailment Power output 
derated 

MN 1971 Recirculating Heat wave Krier 2012 
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Map # EIA Name Fuel Reason Incident 
Date 

Resolution Resolution 
Detail 

Reported 
State 

Opened Reported 
Cooling 
System 

Reported 
Weather 
Event 

Source 

30 Calvert Cliffs Nuclear Inadequate 
water intake 
volume 

1/21/2014 Shutdown Shut down until 
snow and ice 
could be 
removed from 
intake 

MD 1975 Once-Through Cold Snap Smith Hopkins 2014 

31 E D 
Edwards 

Coal Discharge water 
temperature 

At Risk9 __ __ IL 1960 Once-Through __ Union of Concerned 
Scientists 2013b 

32 Edwin I 
Hatch 

Nuclear Intake water 
temperature 

At Risk __ __ GA 1975 Recirculating __ Union of Concerned 
Scientists 2013b 

33 Harllee 
Branch 

Coal Discharge water 
temperature 

At Risk Other Built extra 
cooling towers 

GA 1969 Once-Through __ Rome News 
Tribune 1997 

34 Laramie 
River 
Station 

Coal Inadequate 
water intake 
volume 

At Risk Other Changed to 
irrigation 
district water 

WY 1981 Recirculating Drought Union of Concerned 
Scientists 2011 

36 Hoover Dam Hydro Inadequate 
water intake 
volume 

6/1/2014 Shutdown Power output 
derated 

AZ 1936 None Drought Kuckro 2014 

 

                                                 
9 “At Risk” indicates that no event impacted power production, but the plant either was found to be at risk of an event or took measures to address risk.  
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Appendix B. EPA ECHO Thermal Effluent Violations 
Table B-1. Observed EPA ECHO Thermal Effluent Violations 

Map # Power Plant Name  State Fuel Water Source Dates of Violations Cooling System10 Link 

1 Transalta Centralia Generation WA Coal Skookumchuck River 9/30/2013 Recirculating Transalta 
Centralia 

2 Carbon UT Coal Price River 2/28/15–3/31/15 Recirculating Carbon 

3 AES Redondo Beach LLC CA Natural gas Pacific Ocean 4/30/2014 Once-through Redondo Beach 

4 AES Alamitos CA Natural gas Los Cerritos Channel 8/31/2014 Once-through Alamitos 

5 Huntington Beach CA Natural gas Pacific Ocean 1/31/15, 8/31/15 Once-through Huntington Beach 

6 Lewis & Clark MT Coal Yellowstone River 3/31/14, 11/30/14 Once-through Lewis & Clark 

7 C W Burdick NE Natural gas Well 8/31/2013 N/A C W Burdick 

8 Comanche CC OK Natural gas City of Lawton Treatment Plant 7/31/2015 Cooling Pond Comanche CC 

9 Ouachita power LA Natural gas Ouachita River 7/31/2013 Recirculating Ouachita 

10 Prairie State Generating Station IL Coal Kaskaskia River 12/31/2015 N/A Prairie State 

11 Quad Cities IL Nuclear Mississippi River 8/31/13–9/30/14 Once-through Quad Cities 

12 Allen S. King MN Coal Lake St. Croix 8/31/13, 6/60/15 Once-through Allen S. King 

13 Mallard Lake Electric IL Landfill gas Municipality 2/28/2014 N/A Mallard Lake 

14 Calumet IL Natural gas Calumet River 12/31/2015 N/A Calumet 

15 Bailly IN Coal Lake Michigan 8/31/2015 Once-through Bailly 

16 Merom IN Coal Turtle Creek Reservoir 12/31/2013–2/28/2015 Cooling Pond Merom 

17 Frank E Ratts IN Coal White River 7/37/2016–3/1/2015 Once-through Frank E Ratts 

18 Clifty Creek IN Coal Ohio River 9/30/2013 Once-through Clifty Creek 

19 Orville OH Coal Municipality 10/30/2013–
12/31/2015 

Recirculating Orrville 

20 Bowline Point NY Natural gas Hudson River 7/31/2013 Once-through Bowline Point 

21 Indian Point NY Nuclear Hudson River 6/30/2014 Once-through Indian Point 

22 Roseton Generating Facility NY Natural gas Hudson River 7/31/2013, 9/30/2015 Once-through Roseton 

                                                 
10 Note: Cooling system data from Union of Concerned Scientists EW3 database. If plant was N/A, the cooling system type was not reported or the plant was not in the database.  

https://echo.epa.gov/effluent-charts%23WA0001546
https://echo.epa.gov/effluent-charts%23WA0001546
https://echo.epa.gov/effluent-charts%23UT0000094
https://echo.epa.gov/effluent-charts%23CA0001201
https://echo.epa.gov/effluent-charts%23CA0001139
https://echo.epa.gov/effluent-charts%23CA0001163
https://echo.epa.gov/effluent-charts%23MT0000302
https://echo.epa.gov/effluent-charts%23NE0001074
https://echo.epa.gov/effluent-charts%23OK0002682
https://echo.epa.gov/effluent-charts%23LA0112780
https://echo.epa.gov/effluent-charts%23IL0076996
https://echo.epa.gov/effluent-charts%23IL0048151
https://echo.epa.gov/effluent-charts%23MN0000825
https://echo.epa.gov/effluent-charts%23IL0072460
https://echo.epa.gov/effluent-charts%23IL0075108
https://echo.epa.gov/effluent-charts%23IN0000132
https://echo.epa.gov/effluent-charts%23IN0050296
https://echo.epa.gov/effluent-charts%23IN0004391
https://echo.epa.gov/effluent-charts%23IN0001759
https://echo.epa.gov/effluent-charts%23OH0064025
https://echo.epa.gov/effluent-charts%23NY0008010
https://echo.epa.gov/effluent-charts%23NY0004472
https://echo.epa.gov/effluent-charts%23NY0008231
http://www.ucsusa.org/clean-energy/energy-water-use/ucs-power-plant-database%23.WGVLa3ovbMA
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Map # Power Plant Name  State Fuel Water Source Dates of Violations Cooling System10 Link 

23 MM Taunton Energy MA Landfill gas Taunton River 1/1/2013–8/31/2015 N/A Taunton Municipal 
Lighting 

24 Canal MA Residual fuel oil Cape Cod Canal 10/31/2013–8/31/2015 Once-through Canal 

25 Plainfield Renewable Energy CT Biomass Quinebaug River 12/31/2015 N/A Plainfield 

26 Bridgeport Energy Project CT Natural gas Bridgeport Harbor 7/31/2015–8/31/2015 Recirculating Bridgeport 

27 Northport NY Natural gas Long Island Sound 9/30/13, 8/31/14, 
8/31/15 

Once-through Northport 

28 FirstEnergy Fort Martin Power 
Station 

WV Coal Monongahela River 10/1/12–12/31/2015 Recirculating Fort Martin Power 
Station 

29 Morgantown Energy Facility WV Coal Monongahela River 8/31/14, 7/31/15–
9/30/15 

Once-through Morgantown 

30 Washington Energy Facility OH  Natural gas Muskingum River 10/31/13, 10/31/14 Recirculating Washington 

31 Waterford Energy Facility OH  Natural gas Muskingum River 4/30/13, 3/31/14, 
4/30/14 

Recirculating Waterford 

32 Robinson SC Nuclear Black Creek  10/31/2012 Cooling Pond Robinson 

33 James E. Roger Energy Complex NC Coal Broad River 10/31/2013–6/30/2014 Once-through James E. Rogers 

34 Waiau HI Residual fuel oil Pearl Harbor 10/31/2014 Once-through Waiau 

35 Eielson AFB Central Heat AK Coal, petroleum Cooling ponds, three wells 6/30/2013—9/30/15 Recirculating Eielson AFB 

 

https://echo.epa.gov/effluent-charts%23MA0002241
https://echo.epa.gov/effluent-charts%23MA0002241
https://echo.epa.gov/effluent-charts%23MA0004928
https://echo.epa.gov/effluent-charts%23CT0030473
https://echo.epa.gov/effluent-charts%23CT0030180
https://echo.epa.gov/effluent-charts%23NY0005941
https://echo.epa.gov/effluent-charts%23WV0004731
https://echo.epa.gov/effluent-charts%23WV0004731
https://echo.epa.gov/effluent-charts%23WV0078425
https://echo.epa.gov/effluent-charts%23OH0127841
https://echo.epa.gov/effluent-charts%23OH0127825
https://echo.epa.gov/effluent-charts%23SC0002925
https://echo.epa.gov/effluent-charts%23NC0005088
https://echo.epa.gov/effluent-charts%23HI0000604
https://echo.epa.gov/effluent-charts%23AK0001341
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