
Summary of Impingement and Entrainment Studies 

Power plants in Maryland with once-through cooling (all units are once-through unless 

otherwise indicated; capacity values only include the units listed and not other units at the site 

that don’t use cooling water).  

Plant Name No. of Units 

& Primary 

Fuel Type 

Capacity 

(MW) 

Water Body Entrainment and Impingement Studies and Conclusions 

R.P. Smith [now 

decommissioned] 

2 - Steam 

(Coal) 

114 Potomac 

River 

(nontidal) 

Ichthyoplankton losses due to entrainment would not 

significantly alter finfish populations or recreational fisheries 

in the vicinity of R.P. Smith. The estimated economic 

impacts due to the potential entrainment mortalities 
estimated at $400 (1981 $) due primarily to channel catfish 

losses. The overall projected ecological impact estimated at 

less than 0.1% of system net primary production. 

Impingement losses to finfish populations (dominant species 

impinged: golden redhorse) are small and do not significantly 

alter finfish communities or recreational fisheries. Annual 

impingement losses were valued at $90 (1981 $; MMEC 
1981).  

Facility planned to meet the Phase II 316(b) regulations for 

impingement mortality by reducing the through-screen 
velocity to less than 0.5 feet per second. 

BRESCO 1 - Steam 

(MSW) 

56 Baltimore 

Harbor (tidal 

Patapsco) 

No empirical data existed to estimate entrainment rates or 

address possible entrainment impacts on spawning and 

nursery areas in the vicinity of this facility but the potential 
for impacts was low based on historical distribution data. 

However, with a decline in pollutant loadings, spawning and 

nursery activities were expected to become important in the 

future. 

Total estimated annual impingement was 80,178 finfish and 

invertebrates with a value of $14,702 (1987 $), with blue 

crabs and Atlantic menhaden accounting for 97% of this 
value. Blue crab, Atlantic menhaden, grass shrimp, 

mummichog, and Atlantic silverside composed 95% of the 

impingement catch at the facility (Holland et al. 1988).  

No additional studies have been conducted since that time. 

Vienna 1 - Steam 

(FO6) 

153 Nanticoke 

(tidal) 

The profile-wire screen intake structure used for the Vienna 

Power Station was projected to reduce entrainment and 

impingement effects to levels which did not pose significant 

adverse environmental impacts to the affected ecosystems 

(DP&L, 1982).  

No additional studies have been conducted since that time. 

Calvert Cliffs 2 - Steam 

(Nuclear) 

1675 Chesapeake 

Bay 

Calvert Cliffs was not a spawning area for species of 

commercial or recreational value and losses of 

ichthyoplankton due to entrainment did not significantly alter 

finfish communities in this region of the Chesapeake Bay; 
overall potential economic loss due to entrainment estimated 

at $200 annually (1980 $); overall ecological effect 0.1% of 

net primary productivity. Primary species entrained included 
bay anchovy, hogchoker, and naked goby. Ecological and 

economic projections suggest entrainment impacts were very 
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limited in magnitude and spatial extent. 

 

Numbers of fish impinged are high but estimated 

impingement losses were relatively low due to a high 

survival rate of 2 of the 4 dominant species. Dominant 

species impinged included bay anchovy, hogchoker, Atlantic 

menhaden and spot (MMEC 1980).  

 
From 1991 through 1995, impingement sampling was 

conducted weekly, four to five days per week. The estimated 

average annual monetary value of impingement mortality, 

summed over all species reported impinged at CCNPP, based 
on impingement from 1991-1995, is $21,458 (2007 dollars), 

with a standard error of $2,230 (AKRF, 2008) 

 

Entrainment studies conducted from 1978-1980 were 
compared with 2006-2007 studies and some of their findings 

are summarized as follows: 1) All the taxa collected in 1978-

1980 were also collected in 2006-2007 but composition was 

different; 2) The biggest difference was that hogchoker eggs, 
which dominated previous sampling, comprised only 0.3 

percent of the total entrained in 2006 and 14.1 percent in 

2007. Bay anchovy eggs ranked first both years in the recent 

study, comprising 64.2 percent in 2006 and 49.7 percent in 
2007, but were ranked second in the past studies; 3) Density 

numbers were very high for hogchoker in 1978-1980 but 

much lower in 2007-2007; 4) Bay anchovy eggs were similar 

or lower in the past and much lower in the recent study. (EA, 
2008). 

Brandon Shores  2 - Steam 

(Coal) 

(cooling 
towers)  

1296  Baltimore 

Harbor (tidal 

Patapsco)  

No impact assessment needed since cooling tower make-up 

water is withdrawn from the Wagner discharge canal; now 

considered part of the Wagner NPDES permit. 

C.P. Crane  2 - Steam 

(Coal)  

385  Saltpeter 

and Seneca 

Creeks, 
adjacent to 

Gunpowder 

River, 

tributary to 
upper 

Chesapeake 

Bay (tidal)  

Overall potential economic loss due to entrainment estimated 

at $300 annually (1983 $); overall ecological effect 15% of 

net productivity in Seneca, Saltpeter and Dundee Creeks; 
 

1.7% of the Gunpowder-Middle River estuary and 0.04% of 

the upper Chesapeake Bay. Dominant species found in near-

field ichthyoplankton were white perch, yellow perch, 
tidewater silverside, naked goby and bay anchovy. 

 

Impingement numbers appeared to be low and constituted 

only a small percentage of the total annual mortality of local 
stocks. Annual valuation of impingement losses ranged from 

$10,500 to $38,315 (1980 $). Atlantic menhaden, white 

perch, bay anchovy, spot, yellow perch, hogchokers, and 

gizzard shad were the most prominent finfish collected in 
impingement samples (Jacobs 1983).  

 

Estimated total impingement of fish and invertebrates at 

observed cooling water flows at Crane Unit 1 was 48,620 in 
2006 (March-December) and 17,678 in 2007 (January-

October) (EA, 2008). The lost monetary value ($57,781 

annually) under observed cooling water flow conditions was 
43 percent less than for the maximum design flow 

calculation baseline over the 2-year study period. 

http://pprp.info/316/316Reports/316ReportCalvertCliffs2008a.pdf
http://pprp.info/316/316Reports/316ReportCalvertCliffs2008b.pdf
http://pprp.info/316/316Reports/316ReportCalvertCliffs2008b.pdf
http://pprp.info/316/316Reports/316ReportCPCrane2008b.pdf


Plant Name No. of Units 

& Primary 

Fuel Type 

Capacity 

(MW) 

Water Body Entrainment and Impingement Studies and Conclusions 

 

Based on 2006-2007 sampling, the monetary value of the 

entrainment loss was estimated as the product of the 

estimated number of juvenile equivalents times the value per 

juvenile fish; that value was $28,439 annually (EA, 2008). 

Riverside  1 - Steam 

(NG)  

78 Baltimore 

Harbor (tidal 

Patapsco) 

Analysis of entrainment effects on the fish community not 

possible due to lack of an estimate of population size. The 

area of the Patapsco River in the vicinity of the plant was 
judged to be of minor importance as a spawning and nursery 

area as compared with other areas of the Chesapeake Bay. 

Total annual estimated impingement catch was 85,597 fish 

and shellfish with a value of $10,930 (1980 $; EA, 1980). 
 

No additional studies have been conducted; plant scheduled 

to close June 2016. 

H.A. Wagner  4 - Steam 
(1 - NG, 2 - 

Coal, 1 - 

FO6)  

1006  Baltimore 
Harbor (tidal 

Patapsco)  

Entrainment effects were potentially large, with estimated 
proportions of adult populations lost of 18% or more for at 

least one species; up to 49% of the local population of bay 

anchovy and 27% of silversides could be lost due to 

entrainment. The economic value of entrainment losses was 
insignificant but 3.3 to 5.3 % of net system production may 

be lost due to entrainment. As a result of these findings, 

ANSP (1994) conducted an entrainment impact study which 

found entrainment to be 37% to 75% lower for bay anchovy 
and 82% to 90% lower for naked goby, based on detailed 

field densities. Nevertheless, the annual losses from 

entrainment at Wagner could be valued at $109,000. 

Although losses are high, retrofitting the facility with wedge-
wire screens or cooling towers would be disproportionate 

with the effect.  

 

Impingement losses of finfish have been valued at $71,859 
annually and blue crab losses at $16,686 (1988 $). The two 

most prominent species impinged were spot and Atlantic 

menhaden (Shaughnessy, 1990).  

 
During the March 2006 through March 2007 study period a 

total of 232,174 (± 46,057 at 80 % confidence interval) fish 

and invertebrates was estimated to have been impinged at 

Wagner based on actual flow data (EA, 2007). Estimate of 
annual monetary value of impingement mortality for species 

identified in state regulations is $43,269 ± $7,679 (AKRF, 

2008). 

 
During the March 2006 through the March 2007 study period 

a total of 206,583,952 individuals (fish eggs, larvae, 

juveniles, adults) were estimated to have been entrained at 

Wagner based on actual flow data (EA, 2007). Comparisons 
with 1994 analyses indicate that conditions have not changed 

in a way that would suggest that these impacts from 

entrainment are greater than estimated in the 1994 analysis 

(AKRF, 2008). 

Chalk Point  2 - Steam 

(Coal) 

(once-
through)  

682   Species potentially affect included bay anchovy, silversides, 

naked goby, and hogchokers; overall potential economic 

losses to recreationally and commercially important species 
due to entrainment estimated at <$3,000 annually (1985 $); 

overall calculated ecological loss (“unutilized” energy) 

http://pprp.info/316/316Reports/316ReportCPCrane2008b.pdf
http://pprp.info/316/316Reports/316ReportHAWagner2008b.pdf
http://pprp.info/316/316Reports/316ReportHAWagnerBrandonShores2008a.pdf
http://pprp.info/316/316Reports/316ReportHAWagnerBrandonShores2008a.pdf
http://pprp.info/316/316Reports/316ReportHAWagner2008b.pdf
http://pprp.info/316/316Reports/316ReportHAWagnerBrandonShores2008a.pdf
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estimated at 8% for these species. Loss of bay anchovy in the 

estuary due to entrainment was approximately 14 to 51% 

(most probably 20 to 30%) annually (Versar, 1989), which 

was a significant adverse impact. PEPCO (Loos and Perry, 

1989) calculated the value of the entrainment losses at 

$150,000 per year (1989 $) based on its loss estimates. 

PEPCO also calculated the cost of BTA alternatives (cooling 

towers and wedgewire screens) as ranging from $10,000,000 
to $288,000,000 (1989 $). According to PEPCO, the 

alternatives evaluated varied in effectiveness in reducing 

entrainment from almost none to 100%. Impingement losses 

estimated at $180,600 annually (1983 $; MMES, 1985). 
 

A mitigation plan was developed as a result of a number of 

factors, including the fact that there was a substantial 

difference between the cost of requiring BTA (such as 
cooling towers) and the environmental benefits. There was 

also substantial uncertainty about the magnitude of benefits 

and the nature of the impacted species. Chalk Point's NPDES 

permits prior to 2001 required PEPCO to spend $200,000 per 
year on striped bass aquiculture or other species as requested 

by the Maryland Department of Natural Resources (DNR), 

and $50,000 per year for aquaculture of yellow perch or 

other species as agreed upon by DNR. This permit condition 
contemplated the production of 200,000 striped bass and 

50,000 yellow perch per year. The permit also required 

PEPCO to provide $100,000 per year to the state for 

environmental education or for projects to remove 
obstructions to anadromous fish.  

 

A barrier net was installed and has been in operation for over 

20 years. Studies to quantify the barrier net performance 
estimate an impingement reduction in excess of 80% (EPRI, 

2010). 

 

An analysis of some more recent ichthyoplankton data 
collected during five sampling events in April and May of 

2005 determined some changes for potential entrainment 

effects for anadromous and semianadromous spawners that 

include white perch, striped bass, herring species and yellow 
perch. The estimates suggest potential effects to some of 

these species, but due to numerous uncertainties, new studies 

would be required to produce reliable entrainment and 

fractional loss estimates (EPRI, 2010). A 2-year entrainment 
study is being conducted for 2015 and 2016. 

Chalk Point 2 - Steam 

(FO6, 

NG)(cooling 
towers)  

1224  Patuxent 

River 

(tidal)  

No impact assessment was needed since cooling tower make-

up water is withdrawn from the Chalk Point once-through 

discharge canal.  

Dickerson  3 - Steam 

(Coal)  

546  Potomac 

River 

(nontidal)  

Species potentially affected included spottail and spotfin 

shiners, channel catfish and redbreast sunfish; overall 

potential economic loss due to entrainment estimated at 
$1,000 annually (1980 $); overall ecological effect 0.1% of 

net primary productivity. (Summers and Jacobs, 1981). 

Estimated monetary value for the total number of fish 
impinged in one year was $11,282 (1979 $). Predominant 

species impinged was spottail shiner (ANSP 1979).  

http://pprp.info/316/316Reports/316ReportChalkPoint2010a.pdf
http://pprp.info/316/316Reports/316ReportChalkPoint2010a.pdf
http://pprp.info/316/316Reports/316ReportChalkPoint2010a.pdf
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The 2005-2006 annual impingement estimate was 

considerably lower than the 1978 estimate while the overall 

seasonal pattern in impingement was similar between years 

(EPRI, 2008). Estimated annual impingement monetary 

value was estimated as about $200 based on this study. For 

the 2005-2006 studies, it appears that the entrainment impact 

(i.e. equivalent adult channel catfish loss) remained the same 
but impingement impact was greatly reduced. Entrainment 

studies will occur again in 2016. 

Morgantown  2 - Steam 

(Coal)  

1164  Potomac 

River 
(tidal)  

Species potentially affected included silversides, bay 

anchovies, naked goby; overall potential economic loss due 
to entrainment estimated at 0.1% or $5,200 annually (1979 

$); overall calculated ecological loss (“unutilized” energy) 

estimated at 0.35%. (Polgar et al. 1979). Principal fish 

species impinged were Atlantic menhaden, white perch, and 
spot. Estimated mean losses and death due to impingement 

was 1,191,989 individuals valued at $144,066 (1977 $; 

ANSP, 1977).  

 
A one year impingement study was conducted from 

September 2006 to August 2007. This study determined the 

current annual impingement estimate to be 373,919 fish and 

blue crabs based on actual cooling water flow. (EPRI, 2009). 

Impingement loss was estimated to be approximately 

$35,520 based on the best estimate of impingement survival. 

Entrainment sampling was conducted in 2006-2007 for one 

year and another year of studies will be conducted in 2016. 

 
Source: Historical information from the 1980s adapted from: PPRP-127 Maryland Power Plant Cooling Water Intake Regulations and Their 
Application in Evaluation of Impact, 2002. Recent information summarized from various Comprehensive Demonstration Studies 

 

http://pprp.info/316/316Reports/316ReportDickerson2008a.pdf
http://pprp.info/316/316Reports/316ReportMorgantown2009a.pdf

