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EXECUTIVE SUMMARY 

This report provides an analysis of alternative fish protection technologies and operational 

measures that have the potential to reduce impingement mortality and entrainment at 

Constellation Generation Group’s (Constellation) Charles P. Crane Power Plant (Crane).   

This evaluation focuses on alternative fish protection technologies that were determined to be 

feasible and have the potential to reduce entrainment.  In addition, several impingement 

mortality reducing technologies were included at the request of Constellation. This 

evaluation is based on the most recent impingement and entrainment studies conducted at 

Crane and historical impingement and entrainment information.  Technologies evaluated 

with the potential to reduce both impingement and entrainment include: 

 fine-mesh (0.5 mm) traveling screens; 

 narrow-slot (0.5 mm) cylindrical wedgewire screens; and  

 reduced use of cooling water pumps with or without VFDs. 

Additionally, several technologies that reduce impingement mortality only were also 

evaluated.  These technologies could be used in combination with one or more entrainment 

reduction technologies and included: 

 coarse-mesh (9.5 mm) traveling screens; 

 wide-slot (9.5 mm) cylindrical wedgewire screens; and  

 barrier net. 

This analysis provides estimates of biological performance and cost for each alternative.  

Should any of these technologies or operational measures be required in the future, additional 

issues and uncertainties that could affect cost and/or performance that may require pilot 

studies or additional information collection prior to full-scale deployment are also identified 
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1.0 INTRODUCTION 

Constellation Energy (Constellation) contracted Alden Research Laboratory, Inc. (Alden) and the 

Electric Power Research Institute (EPRI) to evaluate technological and operational measures to 

reduce impingement mortality and entrainment (IM&E) at the Charles P. Crane Power Plant 

(Crane), located near Bowley’s Quarters, Maryland.  The options to be evaluated were outlined 

in the Proposal for Information Collection (PIC) submitted to the Maryland Department of the 

Environment (MDE) in January 2006, under the Clean Water Act Phase II rule for existing 

facilities.   

Constellation met with the MDE in May 2007 to determine what would be needed to make a BPJ 

determination of the best technology available (BTA).  In addition to the results of the recent 

impingement and entrainment studies, MDE requested the detailed technology assessment 

discussed in the PIC.  This report fulfills this obligation.   

The report is divided into the following sections.   

 Section 2 – provides a summary of the layout and operations of Crane  

 Section 3 – provides a summary of historical and recent biological sampling  

 Section 4 – defines criteria for selecting alternative fish protection technologies and 

selects technologies that hold the greatest potential to reduce IM&E 

 Section 5 – provides a summary of engineering and biological information and concerns 

for selected alternatives  

 Section 6 – estimates technology costs 

 Section 7 – references 

 Attachment A – Detailed Evaluation of Alternatives 

 Attachment B – Detailed Cost Estimates 

 Attachment C – Biological Efficacy Estimates 
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2.0 DESCRIPTION OF THE CHARLES P. CRANE POWER PLANT 

The PIC for Crane (HDR/LMS 2006) provides a detailed description of the location, design, and 

operation of the Crane CWIS.  A description of the Seneca Creek and the Chesapeake Bay 

Estuary and historical studies relating to Crane are also included in the PIC.   

An overview of the site, including additional site-specific data compiled for this evaluation, is 

presented in the following section.   

2.1. Cooling Water Intake Structure (CWIS) Descriptions 

Crane is located at the mouth of Seneca Creek on Chesapeake Bay near Bowley’s Quarters, MD 

as shown on Figure 2-1.  The facility has two generating units that use once-through cooling 

water systems.  Units 1 & 2 are both regulating units, having the ability to adjust generation 

output depending on load.  Unit 1 has a maximum rating of 200 MW (gross) and a minimum 

output of 110 MW (gross).  The output can be adjusted at 4 MW/min increments.  Unit 2 has an 

output ranging from 110 MW (gross) to 205 MW (gross), and can be adjusted at 7 MW/min 

increments.  The average capacity factor from 2003–2007 was 52% for Unit 1 and 62% for Unit 

2.  The average annual energy generated during this period was approximately 2,061,000 MWh.  

Circulating water for each of the two units is withdrawn through separate CWISs.  A summary of 

pertinent plant data is provided on Table 2-1. 

The CWISs are located at the back of a large embayment formed by a sheetpile bulkhead as 

shown on Figure 2-2 and Figure 2-3.  The inlet opening is located about 460 ft in front of the 

CWIS and is about 240 ft wide.  An oil skimmer boom spans this opening.   

Both CWISs are divided into three screenbays and are nearly identical.  Each bay is 10.1 ft wide 

and extends from the invert at El. -16.0 ft to the top deck at El. 9.0 ft.  The bays are all equipped 

with a trash rack and traveling water screen.  The steel trash racks are 10.1 ft wide with 3 in. by 

3/8 in. bars providing 3.25 in. clear spacing.  The trash racks are manually cleaned when debris 

loading is high.  A curtain wall is located 2.25 ft downstream of the trash racks.  The bottom of 

the curtain wall is at El.-4.0 ft providing a 12.0 ft high opening.  The traveling water screens are 

located about 8 ft downstream of the curtain wall.  A plan and section drawing of Unit 1 is 

shown on Figure 2-4 and Figure 2-5, respectively.  A plan and section of Unit 2 are not provided 

because it is nearly identical Unit 1.  All of the traveling water screens have 9.0 ft wide baskets 

with 3/8 in. square mesh.  The screens are rotated when differential pressures across the screens 

reach a certain threshold, which typically occurs every few days or weeks depending on debris 

loading.  When there is potential for icing, the screens are rotated continuously.  In addition, a 

hot air blower located in the screen hood is used to reduce icing.  Fish and debris impinged on 

the screens are removed by a high pressure front spraywash system, which provides washwater 

at 300 gpm and 85 psi.  Once removed from the screens, the fish and debris are returned to 

Seneca Creek just outside the sheetpile wall. 

Flow through the three screenbays converges into a common plenum in each CWIS.  Two 

circulating water pumps are located about 14.5 ft downstream of the traveling water screens in 

each plenum.  During normal operation, each unit requires flow from both pumps.  Under these 
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conditions, Unit 1 withdraws 350 cfs while Unit 2 withdraws 340 cfs.  When the ambient water 

temperatures are low, each unit can operate at full-load using only one pump.  If only one pump 

per unit operates during the summer, the output of each unit has to be reduced to about 130 MW 

or a 35% reduction in load to meet the thermal discharge limits.  

Circulating water passes though a single-pass condenser before being returned to Seneca Creek 

through a discharge canal.  The water is heated about 10°F during this pass.  Crane has a 

maximum permitted discharge temperature of 106°F. 

2.2. Existing Hydraulic Conditions  

Crane is located within the tidal portion of Seneca Creek.  The average water levels fluctuate 

from a low of El. -3.5 ft to El. 4.0 ft during high water.  Normal water level is at El. 0.0 ft.  

Approach velocities were calculated at the low and normal water levels and full-flow conditions 

(350.1 cfs for Unit 1 and 340.4 cfs for Unit 2).  The approach velocity at the trash racks for each 

unit is 0.9 ft/sec at low water and 0.8 ft/sec at normal water levels.  The approach velocity at the 

traveling water screens at low water is 1.0 ft/sec.  At normal water levels the velocity 

approaching the screens decreases to 0.8 ft/sec.  Through-screen velocities were not calculated 

because the open area of the screens in unknown,, but this velocity is expected to be about twice 

the screen approach velocity.   

In 1978 and 1979 velocities were measured in front of the intake structures (EA 1979).  These 

velocity measurements were taken at six horizontal locations, spaced at 1 m vertical increments 

during both low and high tides.  Specific tide heights, however, were not reported.  The results of 

these measurements indicate that at low tide the maximum net velocity in front of the intake was 

22 cm/sec (0.7 ft/sec) for Unit 1and 24 cm/sec (0.8 ft/sec) for Unit 2.  During high tide, the 

maximum net velocity was 21 cm/sec (0.7 ft/sec) for Unit 1 and 20 cm/sec (0.7 ft/sec) for Unit 2.  

2.3 Calculation Baseline 

Under the Phase II rule, reductions in IM&E were measured against a calculation baseline, which 

was defined as the level of IM&E that would occur if a facilities intake were constructed flush to 

the shoreline, incorporated no fish protection devices, and were operated at full capacity.  A 

facility can claim credit for any existing technology or operational factors at the site that have 

resulted in a reduction in impingement from what would be expected under the baseline 

conditions.  The existing CWIS at Crane is similar to EPA’s baseline definition, but with three 

notable differences: 1) the two CWIS are located on a semi-enclosed forebay formed from 

sheetpile, 2) the existing traveling water screens return fish and debris back to Seneca Creek, and 

3) circulating water flow can be reduced when ambient water temperatures are low.  In the case 

of Crane, credit may be claimed if a reduction of IM&E can be documented resulting from these 

differences.  The first deviation is not expected to make a substantial difference in impingement 

rates.  The fish return system has been demonstrated to reduce impingement mortality and is 

considered beneficial, but will not impact entrainment rates.  The third can reduce IM&E during 

periods of reduced pump operation because impingement and entrainment are to a degree, 

correlated with intake flow.   
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Table 2-1  Pertinent Project Data – Crane  

Location 

Bowley’s Quarters, Maryland 

Latitude: 39° 19' 22.65" N 

Longitude: 76° 21' 53.46" W 

Waterbody: Seneca Creek in Chesapeake Bay  

Waterbody type: Estuary 

NPDES permit expiration date: January 31, 2007 

NPDES Permit # MD0001511  

USEPA ID #: AUT-0110 (for Phase II rulemaking) 

Estimated project intake flow: 

Unit 1: 350.1 cfs (157,153 gpm) 

Unit 2: 340.4 cfs (152,778 gpm) 

Circulating water: 690.5 cfs (309,900 gpm) 

Total: 690.5 cfs (309,917 gpm) 

Alden Calculated Intake velocities: 

Low water (El. -3.5 ft): 

Trash rack: 0.8 ft/sec 

Traveling screens: 1.0 ft/sec 

Normal water (El. 0.0 ft): 

Trash rack: 0.8 ft/sec 

Traveling screens: 0.8 ft/sec 

Water Level 

Elevations: 

Low water: El. -3.5 ft 

Average water: El. 0.0 ft 

High water: El. 4.0 ft 

Water depths: (in screenhouses) 

Low: 12.5 ft 

Average: 16.0 ft 

High: 20.0 ft 

Other info: all elevations refer to mean sea level 

Project Structures 

Intake structure: 

Type: onshore intake 

Location: enclosed by sheetpile bulkhead 

Intake openings: 3 bays per Unit 

Top of intake opening: El. 9.0 ft 

Intake opening invert: El. -16.0 ft 

Intake opening width: 10.1 ft 

Curtain wall: 2.25 ft downstream of trash racks 

Curtain wall invert: El. -4.0 ft 
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Table 2-1 Continued 

Trash Rack: 

Location: face of intake bay 

Number: 6 (3 per unit) 

Screen width: 10.3 ft 

Invert: El. -16.0 ft 

Top: El 9.0 ft 

Bar material: steel 

Bar size: 3 in. x 3/8 in. 

Bar Spacing: 3.25 in. center to center 

Cleaning: manually cleaned 

Traveling water screens: 

Location: 10 ft downstream of trash rack 

Number: 6 (3 per unit) 

Screen width: 9.0 ft 

Invert: El. -16.0 ft 

Top: El 9.0 ft 

Rotation speeds: ~10 ft/min 

Mesh size: 3/8 in. 

Design through-screen velocity: 2.26 ft/sec 

Spray wash volume per screen: 300 gpm @ 85 psi 

Trough configuration: front wash 

Rotation schedule: normally on a differential, can go days or week, switch to manual, 

continuous to reduce icing 

Discharge location: just north of intakes outside of sheetpile wall,  

Debris loading: not much debris, some grass in spring and garbage after rain 

Other: use a hot air blower to heat screens during icing times 

Circulating water pumps:  

Number of pumps: 4 (2 per unit) 

Location: pump intake ~14.5 ft downstream of traveling screens, in a common plenum  

Operation: usually operate two pumps, can operate one without reducing load in winter.  

Can operate with reduced load in the summer (~130 mw) 

Cooling water discharge  

Location: Seneca Creek 

Type: discharge canal  

Discharge Temperature difference: 10.0°F  

Maximum Discharge Temperature: 106°F 
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Table 2-1 Continued 

Power Generation 

Fuel Type: Coal 

Capacity:  

Unit 1: Max: 200 MW (gross) 

Min: 110 MW (gross) 

Unit 2: Max: 205 MW (gross) 

Min: 110 MW (gross) 

Total: 405 MW 

Plant capacity factor (2003-2007): 

Unit 1: 56% 

Unit 2: 62% 

Average annual energy: 2,061,000 MWh (2003-2007) 
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Figure 2-1  Site Location of C.P. Crane Power Station 
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Figure 2-2  Aerial View of Crane (Google Earth) 
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Figure 2-3  Site Plan of Crane
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Figure 2-4  Crane Unit 1 – Plan 
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Figure 2-5  Crane Unit 1 – Section 
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3.0 IMPINGEMENT MORTALITY AND ENTRAINMENT (IM&E) 

The selection of technologies for the protection of aquatic organisms at Crane is based, in part, 

upon the species and life stages of fish near the intake, their temporal and spatial abundance, and 

their relative hardiness.  Since the USEPA intended to base effectiveness on a reduction of 

IM&E over an existing baseline, some understanding of current fish and shellfish populations is 

required to estimate the efficacy of potential technological options.   

3.1. Historical Impingement Studies  

Impingement sampling at Crane was conducted twice prior to the present study in accordance 

with permit requirements (EA 1979, 1981). The total number of fish species impinged ranged 

from 30 to 32 species. In addition, two species of invertebrates, the mud crab (Rhithropanopeus 

harrisii) and the blue crab (Callinectes sapidus), were also collected in each study. In the August 

1978 through July 1979 study, nine species comprised over 95 percent of the organisms 

impinged. The dominant species were the Atlantic menhaden (Brevoortia tyrannus) and the blue 

crab which comprised 65 percent of the total, followed by white perch (Morone americana), mud 

crab, spot (Leiostomus xanthurus), bay anchovy (Anchoa mitchilli), yellow perch (Perca 

flavescens), hogchoker (Trinectes maculatus), and gizzard shad (Dorosoma cepedianum). In the 

1980 study, eight species comprised 92 percent of the organisms impinged. Again, Atlantic 

menhaden and blue crab were the dominants comprising 63 percent of the total and with the 

exception of the mud crab the same species were the most abundant as in the previous study but 

with some slight differences in dominance. In descending order of abundance they were: bay 

anchovy, spot, gizzard shad, hogchoker, white perch, and yellow perch. In both studies, 

impingement rates were lowest during the fall and winter months and highest in the summer, 

particularly July. This seasonal variation was attributed to migration of organisms in the estuary 

caused by spawning activity, recruitment of large numbers of juveniles into the population, and 

movement of species in the bay resulting from seasonal changes in salinity.  

The number of organisms estimated impinged on an annual basis was 645,643 individuals in 

1978-1979 and 117,428 individuals in 1980. Annual differences in impingement between the two 

studies suggest that impingement rates can fluctuate widely and that both rate and species 

composition are dependent upon various environmental pressures and resulting shifts in 

biological cycles, and the level of plant operation during the course of biologically important 

seasons. 

3.2. Current Impingement Characterization 

A total of 38 species of fish and 5 species of invertebrates were collected during the 2006 and 

2007 impingement studies at Crane (Table 3-1 and Table 3-2).  During March through December 

2006, a total of 32 fish species and 3 invertebrates were collected and 28 species of fish and 5 

species of invertebrates were collected during January through October 2007. A similar number 

of species were collected in earlier impingement studies conducted during August 1978 – July 

1979 and January – December 1980 when a total of 31 species of fish and 2 species of 

invertebrates were collected (EA 1979, 1981). A total of 24 fish species and 2 invertebrates that 

were collected in the past studies were also collected in 2006 and 2007. 
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The total number of fish and invertebrates collected during 2006 was 6,184 and during 2007 was 

3,096 (Table 3-1 and Table 3-2). In 2006, the majority of organisms collected were fish (3,789) 

but invertebrates (2,395) made up a large portion of the total impinged. In 2007, again the fish 

(2,460) made up the majority but the invertebrates (636) were a much smaller percentage of the 

total. For comparison of equivalent time periods, the number of organisms collected from March 

through October 2006 was 5,799 compared to 1,913 during the same time period in 2007, which 

was only 33 percent of the organisms impinged in 2006. 

Ten species accounted for approximately 89 percent of the impinged organisms during 2006 

(Table 3-3). The five most abundant species, which comprised 73 percent of the total, were mud 

crab (33.1 percent), Atlantic menhaden (16.2 percent), white perch (11.1 percent), pumpkinseed 

(8.1 percent), and blueback herring (4.5 percent). Another invertebrate which was in the top ten, 

in addition to the mud crab, was the blue crab which comprised 2.9 percent of the total. In 2007, 

ten species accounted for 87 percent of the total impinged. The five most abundant species, 

which comprised 68 percent of the total, were gizzard shad (17.7 percent), pumpkinseed (17.4 

percent), white perch (15.2 percent), mud crab (10.1 percent), and blue crab (7.5 percent) (Table 

3-4). The most notable differences between the two years of study was the large drop in 

abundance of mud crab and Atlantic menhaden and the increase in gizzard shad in 2007. Only 

the gizzard shad difference could be explained by seasonality since they were most abundant in 

January and February 2007, months that were not sampled in 2006. 

In 2006, 70 percent of the total impinged was comprised of mud crab (34.2 percent), Atlantic 

menhaden (17.3 percent), white perch (11.8 percent), and pumpkinseed (6.9 percent), which was 

the same species and ranked order of abundance during March through December 2006. This 

was not the case in 2007 when 70 percent of the total was comprised of white perch (18.3 

percent), pumpkinseed (16.3 percent), mud crab (15.2 percent), blue crab (12.1 percent), and bay 

anchovy (8.0 percent). This was substantially different than the result when summarizing during 

the January through October 2007 period when gizzard shad was most abundant, because, as 

noted above, they were most abundant in January and February. Seven of the same species were 

in the top ten during both 2006 and 2007, comprising 65 and 76 percent, respectively, of the total 

impinged. 

Historically, impingement collections at Crane have been dominated by Atlantic menhaden and 

blue crab (EA 1979, EA 1981). Other abundant species were white perch, mud crab, spot, bay 

anchovy, yellow perch, hogchoker, and gizzard shad. In the present study, Atlantic menhaden 

(ranked #2) was only in the top five in abundance in 2006 and blue crab (ranked #5) was in the 

top five in 2007, both ranking much lower in the years they were not dominants. In 2006 and 

2007 the dominants were mud crab and gizzard shad, respectively. Other abundant species from 

the past studies that were in the top five were the white perch during both years and the bay 

anchovy only in 2007. The pumpkinseed, which was in the top five in 2006 and 2007, was not 

even in the top ten in any of the past studies. Hogchoker, which was in the top ten in the past 

studies, was collected in low numbers in 2006 and 2007, in fact, only 19 individuals were 

collected in 2006 and four in 2007. Yellow perch and spot numbers were also much lower in 

2006 and 2007 than in the past. The number of species of fish collected was 32 in 1978-1979 and 

30 in 1980 and two species of invertebrates, the mud crab and the blue crab, were also collected 

in each study. The numbers of species collected annually in 2006 (32 fish, 3 invertebrates) and 
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2007 (28 fish, 5 invertebrates) was similar and 26 (24 fish, 2invertebrates) of the species 

collected during the present study were the same as in the past studies. 

The estimated number of organisms impinged annually varies widely in response to various 

environmental pressures, seasonal weather related influences affecting water quality conditions 

which result in shifts in biological cycles, and the level of plant operation during the course of 

biologically important time periods.  

3.3. Historical Entrainment Studies 

The previous entrainment study was conducted from August 1978 through July 1979 (EA 1979). 

A total of 15 taxa were collected and the dominant taxon was bay anchovy which comprised 32 

percent of the total number of ichthyoplankton entrained. Other common taxa were the naked 

goby (Gobiosoma bosci) at 17 percent, unidentified post larva at 17 percent, tidewater silverside 

(Menidia beryllina) at 13 percent, and white perch and yellow perch both at 5 percent, which, 

combined with bay anchovy, accounted for 89 percent of the total catch. All these taxa were 

collected as larvae and the only abundant egg stage collected was from the white perch (2 

percent of the total). The greatest number of entrained ichthyoplankton was collected during 

April through August with the peak in August followed by July. No fish larvae or eggs were 

collected from October through March. Bay anchovy and white perch larvae were the only taxa 

that exhibited diel differences in abundance with a greater number of larvae being collected at 

night. The data was extrapolated to include plant operation by applying the entrainment densities 

determined for the sampling dates to the total volume pumped by the power plant during that 

time interval. The total annual estimate of entrained ichthyoplankton at Crane was 29,326,200 

organisms. 

3.4. Current Entrainment Characterization 

With the exception of a few rough silverside (Membras martinica) eggs and larvae, all fish taxa 

identified in the entrainment samples were also collected as juveniles or adults during the 

impingement sampling program. A total of ten taxa accounted for 89 percent of the 

ichthyoplankton collected in entrainment samples during the 2006 and 2007 programs, although 

the composition and abundance varied between the years. In 2006, the dominant taxa were 

Atlantic silverside post-yolk sac larvae (20.6 percent), Atherinopsidae sp. post-yolk sac larvae 

(17.0 percent), Atlantic menhaden juvenile (11.0 percent), and naked goby post-yolk sac larvae 

(9.0 percent). Atherinopsidae sp. represents the damaged silversides that could not be identified 

further and the group could include Atlantic, inland, and rough silversides. Collectively in 2006, 

all species of Atherinopsidae post-yolk sac larvae comprised 44.9 percent of the total entrained. 

Other abundant taxa in 2006 included damaged fish post-yolk sac larvae (8.0 percent), bay 

anchovy juvenile (7.6 percent), inland silverside post-yolk sac larvae (7.5 percent), and gizzard 

shad yolk sac larvae (4.6 percent). In 2007, the abundant taxa were quite different than in 2006 

with the dominants including white perch yolk sac larvae (28.0 percent), yellow perch post-yolk 

sac larvae (15.9 percent), damaged fish post-yolk sac larvae (9.5 percent), and Atherinopsidae sp. 

post-yolk sac larvae (8.8 percent). Other abundant taxa in 2007 included gizzard shad post-yolk 

sac larvae (8.0 percent), white perch post-yolk sac larvae (5.6 percent), and naked goby post-yolk 

sac larvae (5.1 percent). Collectively in 2007, Atherinopsidae post-yolk sac larvae only 
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comprised 13.0 percent of the total entrained. The differences between years were not 

attributable to the different sampling periods in 2006 (March - December) and 2007 (January - 

September). Comparing entrainment rates for the equivalent time period of March through 

September, the top ten taxa comprised identical percentages in 2006 and 2007 compared to the 

entire periods sampled each year, except for bay anchovy juveniles (7 percent) and inland 

silverside larvae (8 percent) in 2006 which each only changed by one percent.  

The total density of ichthyoplankton for each sampling event in 2006 and 2007 was greater for 

night samples compared to day samples for all but one sampling event (3 April 2007), although 

the difference between day and night was not that great for some dates (Table 3-5 and Table 

3-6,). In 2006, higher night time densities were most pronounced in May, June, and July. In 

2007, it was most evident on 17 April, 24 May, 31 May, and 14 June. This pattern is influenced 

by the composition of taxa during a particular sampling event, since some taxa had a much 

stronger nighttime trend than others, and a few taxa were more abundant during the day. 

The densities in night samples were significantly greater (p < 0.05) than day samples for many of 

the most abundant taxa/life stages including Atherinopsidae sp. post-yolk sac larvae, Atlantic 

silverside post-yolk sac and yolk sac larvae, bay anchovy juveniles, inland silverside post-yolk 

sac larvae, naked goby juveniles, and yellow perch post-yolk sac larvae (Table 3-7). Two of the 

top ten species that were more abundant during the day were white perch (post-yolk sac and yolk 

sac larvae) and gizzard shad (fertilized eggs, post-yolk sac, and yolk sac larvae) (Table 3-5 and 

Table 3-6). 

The previous entrainment study at Crane was conducted from August 1978 through July 1980 

(EA 1980). Collections were conducted twice per month at Unit 1 using a pump sampling 

apparatus. Four samples were collected per event with a 505μm mesh net; two during the day 

and two at night. Sampling duration was one hour; ½ hour at 1 m from the bottom and ½ hour at 

2 m from the bottom. 

Seven taxa comprised 88 percent of the total ichthyoplankton entrained during the study. Bay 

anchovy post-yolk sac larvae comprised 32 percent of the total followed by unidentified post-

yolk sac larvae (16.9 percent), naked goby post-yolk sac larvae (17.3 percent), tidewater (inland) 

silverside larvae (12.6 percent), white perch yolk sac larvae (4.8 percent), yellow perch post-yolk 

sac larvae (4.7 percent), and white perch eggs (2.0 percent). All these taxa were collected in the 

2006 and 2007 studies, but composition was very different. The most dramatic difference was 

that bay anchovy post-yolk sac larvae comprised only 0.6 - 1.3 percent of the total in the present 

study. The following taxa were 30 also lower in 2006 and 2007: naked goby post-yolk sac larvae 

comprised 5.1-8.9 percent; and tidewater (inland) silverside post-yolk sac larvae comprised 3.8-

7.5 percent. White perch yolk sac larvae comprised 1.2 percent in 2006 which was slightly lower 

than the past study and in 2007 comprised 28.0 percent which was much higher. 

The greatest number of entrained ichthyoplankton was collected in the past study during April 

through August which spans the time that most organisms were collected in 2006 and 2007. 

However, the peak abundance period was in August followed by July in the past compared to 

April, May, June, or early July (depending on the year) in the present study. These trends were 

driven by the dominant species collected in each year of study. The bay anchovy clearly was 
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responsible for the peak in the past study, while Atlantic menhaden, white perch, the silversides, 

and gizzard shad influenced the peaks in 2006 and 2007. In the past study, no fish eggs or larvae 

were collected from October through March, whereas some organisms were collected every 

month in 2006, and February 2007 was the only month where no specimens were collected.  

In the past study, only bay anchovy post-yolk sac larvae and white perch post-yolk sac larvae 

showed evidence of a diel pattern of entrainment. For both species all larvae were collected 

during the nighttime collections. In 2006 and 2007, there was greater nighttime entrainment of 

silverside life stages, bay anchovy juveniles, naked goby juveniles, and yellow perch post-yolk 

sac larvae. White perch had a stronger trend of day time abundance. 
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Table 3-1  Monthly Abundance of Fish and Shellfish Impinged at C.P. Crane Generating Station, March 2006 -- December 2006 

Species/Taxon 

2006 

Total March April May June July August September October November December 

(3 surveys) (4 surveys) (4 surveys) (4 surveys) (4 surveys) (5 surveys) (4 surveys) (5 surveys) (4 surveys) (4 surveys) 

Alewife 1 3 0 0 1 0 0 1 0 0 6 

American eel 2 1 1 3 5 1 0 1 0 1 15 

Atlantic croaker 31 42 24 4 19 0 0 4 1 8 133 

Atlantic menhaden 239 80 12 366 289 11 3 1 0 0 1,001 

Atlantic needlefish 0 1 0 4 0 0 0 0 0 0 5 

Atlantic silverside 3 1 1 4 7 0 0 0 0 0 16 

Atlantic spadefish 0 0 0 0 0 0 0 0 1 0 1 

Banded killifish 0 0 0 2 2 0 0 9 0 0 13 

Bay anchovy 29 70 2 14 13 4 4 31 32 10 209 

Blueback herring 28 20 111 113 5 0 0 0 0 0 277 

Bluefish 0 0 0 5 10 0 0 0 0 0 15 

Bluegill 8 8 1 1 1 1 7 111 23 26 187 

Bluespotted sunfish 0 0 0 2 0 0 0 1 0 0 3 

Brown bullhead 0 0 0 0 3 3 0 0 1 1 8 

Channel catfish 0 0 0 2 0 2 1 4 0 5 14 

Common carp 0 0 0 0 0 0 1 0 0 0 1 

Damaged fish 44 0 0 0 0 0 0 0 2 0 46 

Eastern silvery minnow 0 0 1 0 0 0 0 0 0 0 1 

Gizzard shad 46 25 6 1 1 1 109 9 5 19 222 

Hogchoker 0 1 1 0 1 1 3 8 2 2 19 

Mummichog 2 0 0 1 0 0 0 0 0 0 3 

Naked goby 0 0 0 0 1 0 0 0 0 0 1 

Northern pipefish 0 2 0 1 0 0 0 0 0 0 3 

Pumpkinseed 21 27 4 29 68 31 26 196 25 72 499 

Spot 0 0 0 12 138 11 1 0 0 0 162 

Spottail shiner 0 8 0 0 2 0 1 0 1 2 14 

Spotted hake 0 0 0 2 0 0 0 0 0 0 2 

Striped bass 3 0 0 0 0 0 0 0 1 0 4 

Tessellated darter 54 111 18 1 0 0 0 0 0 0 184 
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Table 3-1 Continued 

Species/Taxon 

2006 

Total March April May June July August September October November December 

(3 surveys) (4 surveys) (4 surveys) (4 surveys) (4 surveys) (5 surveys) (4 surveys) (5 surveys) (4 surveys) (4 surveys) 

Weakfish 0 0 0 0 0 0 0 2 0 0 2 

White catfish 1 0 0 0 0 0 0 0 0 0 1 

White perch 156 123 71 27 242 20 20 28 2 0 689 

Yellow perch 21 0 0 1 5 2 1 0 0 3 33 

Total Fish 689 523 253 595 813 88 177 406 96 149 3,789 

Blue crab 0 0 12 10 11 56 76 12 0 0 177 

Grass shrimp sp. 4 1 8 6 6 13 11 47 50 23 169 

Mud crab sp. 102 41 21 14 105 393 1,059 247 35 32 2,049 

Total Invertebrates 106 42 41 30 122 462 1,146 306 85 55 2,395 

GRAND TOTAL 795 565 294 625 935 550 1,323 712 181 204 6,184 
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Table 3-2  Monthly Abundance of Fish and Shellfish Impinged at C.P. Crane Generating Station, January 2007 - October 2007 

Species/Taxon 

2007  

Total 

January February March April May June July August September October 

(5 surveys) (4 surveys) (4 surveys) (4 surveys) (4 surveys) (4 surveys) (4 surveys) (5 surveys) (4 surveys) (4 surveys) 

Alewife 0 0 0 0 0 0 3 1 1 0 5 

American eel 0 0 2 2 1 0 0 4 0 0 9 

Atherinopsidae sp. 1 0 0 0 0 0 0 0 0 0 1 

Atlantic croaker 29 0 0 1 0 1 1 0 0 0 32 

Atlantic menhaden 0 0 2 10 0 2 1 5 1 0 21 

Atlantic silverside 51 43 15 0 0 0 0 0 0 0 109 

Banded killifish 1 2 42 3 1 1 0 0 0 2 52 

Bay anchovy 13 1 0 142 0 0 3 5 1 3 168 

Blueback herring 0 0 3 33 0 0 1 0 0 3 40 

Bluegill 35 28 22 3 1 1 1 1 4 6 102 

Brown bullhead 1 0 1 1 0 0 0 1 0 8 12 

Centrarchidae sp. 0 1 0 0 0 0 0 0 0 0 1 

Channel catfish 3 2 5 2 0 0 0 1 1 2 16 

Eastern mud minnow 0 0 1 1 0 0 0 0 0 0 2 

Gizzard shad 213 286 8 5 4 1 2 19 9 2 549 

Hogchoker 0 0 1 2 0 0 1 0 0 0 4 

Inland silverside 4 55 20 0 0 0 0 0 0 0 79 

Lepomis sp. 1 0 0 0 0 0 0 0 0 0 1 

Northern pipefish 0 0 0 0 0 0 0 0 0 1 1 

Pumpkinseed 70 158 248 38 2 1 0 4 11 8 540 

Sea lamprey 0 0 0 1 0 0 0 0 0 0 1 

Silver perch 0 0 0 1 0 0 0 0 0 0 1 

Spot 0 0 0 0 0 0 4 5 1 0 10 

Spottail shiner 0 2 105 6 0 0 1 0 0 0 114 

Striped bass 0 0 0 1 0 0 2 1 0 1 5 

Striped killifish 0 1 0 0 0 0 0 0 0 0 1 

Tessellated darter 0 0 0 10 0 0 0 0 0 0 10 

Weakfish 0 0 0 0 0 0 1 0 0 0 1 

White catfish 1 0 0 0 0 0 0 0 1 0 2 
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Table 3-1 Continued 

Species/Taxon 

2007 

Total January February March April May June July August September October 

(5 surveys) (4 surveys) (4 surveys) (4 surveys) (4 surveys) (4 surveys) (4 surveys) (5 surveys) (4 surveys) (4 surveys) 

White perch 1 117 41 164 3 5 23 53 36 26 469 

Yellow perch 1 16 76 0 1 0 0 2 3 3 102 

Total Fish 425 712 592 426 13 12 44 102 69 65 2,460 

Blue crab 0 0 0 0 4 12 108 77 29 1 231 

Crayfish 0 0 0 0 1 0 0 0 0 0 1 

Grass shrimp sp. 22 3 9 19 27 2 1 0 1 8 92 

Mud crab sp. 19 0 94 105 20 6 19 21 11 16 311 

Sand shrimp 0 0 0 1 0 0 0 0 0 0 1 

Total Invertebrate 41 3 103 125 52 20 128 98 41 25 636 

GRAND TOTAL 466 715 695 551 65 32 172 200 110 90 3,096 
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Table 3-3  Ranked Abundance and Percent Composition of Fish and Shellfish Impinged at 

C.P. Crane Generating Station, March 2006 - December 2006 

    

Species/Taxon Count Percent Composition 

Cumulative 

Percent 

Mud crab sp. 2,049 33.13 33.13 

Atlantic menhaden 1,001 16.19 49.32 

White perch 689 11.14 60.46 

Pumpkinseed 499 8.07 68.53 

Blueback herring 277 4.48 73.01 

Gizzard shad 222 3.59 76.60 

Bay anchovy 209 3.38 79.98 

Bluegill 187 3.02 83.00 

Tessellated darter 184 2.98 85.98 

Blue crab 177 2.86 88.84 

Grass shrimp sp. 169 2.73 91.58 

Spot 162 2.62 94.19 

Atlantic croaker 133 2.15 96.35 

Damaged fish 46 0.74 97.09 

Yellow perch 33 0.53 97.62 

Hogchoker 19 0.31 97.93 

Atlantic silverside 16 0.26 98.19 

American eel 15 0.24 98.43 

Bluefish 15 0.24 98.67 

Channel catfish 14 0.23 98.90 

Spottail shiner 14 0.23 99.13 

Banded killifish 13 0.21 99.34 

Brown bullhead 8 0.13 99.47 

Alewife 6 0.10 99.56 

Atlantic needlefish 5 0.08 99.64 

Striped bass 4 0.06 99.71 

Bluespotted sunfish 3 0.05 99.76 

Mummichog 3 0.05 99.81 

Northern pipefish 3 0.05 99.85 

Spotted hake 2 0.03 99.89 

Weakfish 2 0.03 99.92 

Atlantic spadefish 1 0.02 99.94 

Common carp 1 0.02 99.95 

Eastern silvery minnow 1 0.02 99.97 

Naked goby 1 0.02 99.98 

White catfish 1 0.02 100.00 
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Table 3-4  Ranked Abundance and Percent Composition of Fish and Shellfish Impinged at 

C.P. Crane Generating Station, January 2007 –October 2007 

Species/Taxon Count Percent Composition 

Cumulative 

Percent 

Gizzard shad 549 17.73 17.73 

Pumpkinseed 540 17.44 35.17 

White perch 469 15.15 50.32 

Mud crab sp. 311 10.05 60.37 

Blue crab 231 7.46 67.83 

Bay anchovy 168 5.43 73.25 

Spottail shiner 114 3.68 76.94 

Atlantic silverside 109 3.52 80.46 

Bluegill 102 3.29 83.75 

Yellow perch 102 3.29 87.05 

Grass shrimp sp. 92 2.97 90.02 

Inland silverside 79 2.55 92.57 

Banded killifish 52 1.68 94.25 

Blueback herring 40 1.29 95.54 

Atlantic croaker 32 1.03 96.57 

Atlantic menhaden 21 0.68 97.25 

Channel catfish 16 0.52 97.77 

Brown bullhead 12 0.39 98.16 

Spot 10 0.32 98.48 

Tessellated darter 10 0.32 98.80 

American eel 9 0.29 99.09 

Alewife 5 0.16 99.25 

Striped bass 5 0.16 99.42 

Hogchoker 4 0.13 99.55 

Eastern mud minnow 2 0.06 99.61 

White catfish 2 0.06 99.67 

Atherinopsidae sp. 1 0.03 99.71 

Centrarchidae sp. 1 0.03 99.74 

Lepomis sp. 1 0.03 99.77 

Northern pipefish 1 0.03 99.80 

Sand shrimp 1 0.03 99.84 

Sea lamprey 1 0.03 99.87 

Silver perch 1 0.03 99.90 

Striped killifish 1 0.03 99.93 

Weakfish 1 0.03 99.97 

Crayfish 1 0.03 100.00 
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Table 3-5  Average Density (count/100m
3
) of Fish Collected During Daytime and Nighttime Hours 

at the Cooling Water Intake Screenhouse for C.P. Crane Generating Station, 2006 

Species/Life Stage 
4/10/2006 5/10/2006 6/8/2006 7/12/2006 8/16/2006 9/12/2006 

Day Night Day Night Day Night Day Night Day Night Day Night 

American eel-juvenile 0.00 0.58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Atherinopsidae sp.-N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Atherinopsidae sp.-post-yolk sac larvae 0.00 0.00 0.87 14.56 2.62 36.84 0.00 30.48 0.00 3.66 0.00 0.00 

Atherinopsidae sp.-yolk-sac larvae 0.00 0.00 0.29 0.00 0.00 0.00 0.00 0.28 0.00 0.00 0.00 0.00 

Atlantic croaker-juvenile 0.00 0.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Atlantic menhaden-juvenile 0.29 29.42 0.00 0.58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Atlantic menhaden-N/A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Atlantic menhaden-post-yolk sac larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Atlantic needlefish-post-yolk sac larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.29 0.00 0.00 0.00 0.00 0.00 

Atlantic silverside-post-yolk sac larvae 0.00 0.87 0.29 46.87 0.87 67.35 2.02 3.70 0.00 0.84 0.00 0.00 

Atlantic silverside-yolk-sac larvae 0.00 0.29 0.00 0.87 0.00 0.00 0.00 0.28 0.00 0.00 0.00 0.00 

Banded killifish-post-yolk sac larvae 0.00 0.00 0.00 0.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Bay anchovy-adult 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Bay anchovy-fertilized egg 0.00 0.00 0.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Bay anchovy-juvenile 0.00 1.17 0.00 0.00 0.00 0.29 0.87 19.65 0.00 5.62 2.20 2.44 

Bay anchovy-post-yolk sac larvae 0.00 0.00 0.00 0.00 3.49 2.59 0.00 0.00 0.37 0.00 0.00 1.46 

Bluegill-post-yolk sac larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Brown bullhead-juvenile 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Centrarchidae sp.-post-yolk sac larvae 0.00 0.00 0.00 0.00 0.00 0.29 0.00 0.00 0.00 0.00 0.00 0.00 

Channel catfish-juvenile 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.99 0.00 0.00 0.00 0.00 

Channel catfish-post-yolk sac larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.57 0.00 0.00 0.00 0.00 

Damaged egg-fertilized egg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Damaged fish-N/A 4.37 0.29 0.00 0.29 2.62 3.17 0.00 0.00 0.00 0.00 0.00 0.00 

Damaged fish-post-yolk sac larvae 6.99 0.29 0.00 0.00 6.11 2.30 3.47 20.51 4.84 7.03 0.00 1.46 

Fundulus sp.-fertilized egg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Gizzard shad-fertilized egg 0.00 0.00 0.00 0.00 19.48 16.98 0.00 0.00 0.00 0.00 0.00 0.00 

Gizzard shad-post-yolk sac larvae 0.00 0.00 0.00 0.00 0.00 0.58 1.16 4.27 0.00 0.00 0.00 0.00 

Gizzard shad-unfertilized egg 0.00 0.00 0.00 0.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Gizzard shad-yolk-sac larvae 0.00 0.00 0.00 0.00 18.32 3.74 7.81 3.42 0.00 0.00 0.00 0.00 

Goby sp.-post-yolk sac larvae 0.00 0.00 0.00 0.00 5.82 2.30 0.29 0.00 0.00 0.00 0.00 0.00 

Inland silverside-juvenile 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Inland silverside-post-yolk sac larvae 0.00 0.00 0.00 0.00 0.00 6.04 0.00 3.13 0.00 2.81 0.00 0.00 

Inland silverside-yolk-sac larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Lepomis sp.-post-yolk sac larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Lepomis sp.-yolk-sac larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Naked goby-fertilized egg 0.00 0.00 0.00 0.00 0.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Naked goby-juvenile 0.00 0.00 0.00 0.00 0.29 0.00 1.45 2.56 1.12 3.66 0.00 0.49 

Naked goby-post-yolk sac larvae 0.00 0.00 0.00 0.00 4.65 0.58 7.23 1.99 37.26 30.37 2.20 0.97 

Northern pipefish-juvenile 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Rough silverside-fertilized egg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Rough silverside-post-yolk sac larvae 0.00 0.00 0.00 0.00 0.00 1.44 0.00 0.00 0.00 0.00 0.00 0.00 
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Table 3-5 Continued 

Species/Life Stage 
4/10/2006 5/10/2006 6/8/2006 7/12/2006 8/16/2006 9/12/2006 

Day Night Day Night Day Night Day Night Day Night Day Night 

Spot-juvenile 0.00 0.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Spottail shiner-adult 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Spottail shiner-juvenile 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

White perch-fertilized egg 0.00 0.87 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

White perch-juvenile 0.00 0.00 0.00 0.00 0.00 0.00 0.29 0.00 0.00 0.00 0.00 0.00 

White perch-post-yolk sac larvae 2.91 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

White perch-yolk-sac larvae 21.55 3.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Yellow perch-post-yolk sac larvae 4.37 4.95 0.00 0.00 0.00 0.29 0.00 0.00 0.00 0.00 0.00 0.00 

Yellow perch-yolk-sac larvae 0.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Total 40.78 42.82 1.74 63.75 64.55 144.78 24.87 92.85 43.60 53.98 4.40 6.82 
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Table 3-6  Average Density (count/100m
3
) of Fish Collected During Daytime and Nighttime Hours at the Cooling Water Intake 

Screenhouse for C.P. Crane Generating Station, 2007 
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Table 3-7  Difference Between Night and Day Entrainment Samples at C.P. Crane Generating Station 

        

Difference between Night 

and Day Entrainment 

(#/100 m3)       

Plant Survey Type Taxon N Average Median 

Wilcoxon Signed-

Rank S 

Right-Tailed 

Probability1 

Crane ENT American eel-juvenile 20 0.06 0.00 3 0.13 

Crane ENT Atherinopsidae sp.-fertilized egg 14 0.04 0.00 0.5 0.50 

Crane ENT Atherinopsidae sp.-juvenile 14 0.04 0.00 0.5 0.50 

Crane ENT Atherinopsidae sp.-N/A 6 0.00 0.00     

Crane ENT Atherinopsidae sp.-post-yolk sac larvae 20 9.28 0.73 38 0.00 

Crane ENT Atherinopsidae sp.-yolk-sac larvae 20 -0.08 0.00 -1 0.56 

Crane ENT Atlantic croaker-juvenile 20 0.01 0.00 0.5 0.50 

Crane ENT Atlantic menhaden-juvenile 20 1.59 0.00 5 0.06 

Crane ENT Atlantic menhaden-N/A 6 0.00 0.00     

Crane ENT Atlantic menhaden-post-yolk sac larvae 20 0.01 0.00 0.5 0.50 

Crane ENT Atlantic needlefish-post-yolk sac larvae 6 -0.05 0.00 -0.5 0.50 

Crane ENT Atlantic silverside-fertilized egg 14 0.00 0.00     

Crane ENT Atlantic silverside-juvenile 14 0.04 0.00 1.5 0.25 

Crane ENT Atlantic silverside-post-yolk sac larvae 20 5.94 0.00 18 0.00 

Crane ENT Atlantic silverside-yolk-sac larvae 20 0.12 0.00 7.5 0.03 

Crane ENT Banded killifish-post-yolk sac larvae 20 0.03 0.00 1.5 0.25 

Crane ENT Bay anchovy-adult 20 0.06 0.00 1.5 0.25 

Crane ENT Bay anchovy-fertilized egg 20 -0.01 0.00 -0.5 0.50 

Crane ENT Bay anchovy-juvenile 20 3.04 0.12 28 0.00 

Crane ENT Bay anchovy-post-yolk sac larvae 20 -0.69 0.00 3 0.34 

Crane ENT Bluegill-adult 14 0.00 0.00     

Crane ENT Bluegill-juvenile 14 0.00 0.00     

Crane ENT Bluegill-post-yolk sac larvae 20 -0.01 0.00 -0.5 0.50 

Crane ENT Brown bullhead-juvenile 6 0.00 0.00     

Crane ENT Centrarchidae sp.-post-yolk sac larvae 6 0.05 0.00 0.5 0.50 

Crane ENT Channel catfish-juvenile 6 0.33 0.00 0.5 0.50 

Crane ENT Channel catfish-post-yolk sac larvae 6 0.09 0.00 0.5 0.50 

Crane ENT Common carp-post-yolk sac larvae 14 0.00 0.00     
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Table 3-7 Continued 

        

Difference between Night 

and Day Entrainment 

(#/100 m3)       

Plant Survey Type Taxon N Average Median 

Wilcoxon Signed-

Rank S 

Right-Tailed 

Probability1 

Crane ENT Common carp-yolk-sac larvae 14 0.00 0.00     

Crane ENT Damaged egg-fertilized egg 20 0.00 0.00 0 0.50 

Crane ENT Damaged egg-unfertilized egg 14 0.02 0.00 0.5 0.50 

Crane ENT Damaged fish-N/A 6 -0.54 0.00 0 0.50 

Crane ENT Damaged fish-post-yolk sac larvae 20 1.90 -0.14 -2.5 0.54 

Crane ENT Damaged fish-yolk-sac larvae 14 1.52 0.00 3 0.13 

Crane ENT Fundulus sp.-fertilized egg 6 0.00 0.00     

Crane ENT Gizzard shad-fertilized egg 20 0.50 0.00 2 0.31 

Crane ENT Gizzard shad-juvenile 14 -0.02 0.00 -0.5 0.50 

Crane ENT Gizzard shad-post-yolk sac larvae 20 -0.18 0.00 2 0.42 

Crane ENT Gizzard shad-unfertilized egg 6 0.05 0.00 0.5 0.50 

Crane ENT Gizzard shad-yolk-sac larvae 20 -1.91 0.00 -10.5 0.98 

Crane ENT Goby sp.-post-yolk sac larvae 6 -0.63 0.00 -1.5 0.75 

Crane ENT Herring sp.-post-yolk sac larvae 14 0.00 0.00 0.5 0.50 

Crane ENT Inland silverside-fertilized egg 14 0.06 0.00 2 0.25 

Crane ENT Inland silverside-juvenile 20 0.06 0.00 0.5 0.50 

Crane ENT Inland silverside-post-yolk sac larvae 20 2.56 0.00 22.5 0.00 

Crane ENT Inland silverside-yolk-sac larvae 20 0.03 0.00 1 0.38 

Crane ENT Largemouth bass-juvenile 14 0.00 0.00     

Crane ENT Lepomis sp.-post-yolk sac larvae 6 0.00 0.00     

Crane ENT Lepomis sp.-yolk-sac larvae 6 0.00 0.00     

Crane ENT Naked goby-fertilized egg 6 -0.05 0.00 -0.5 0.50 

Crane ENT Naked goby-juvenile 20 0.37 0.00 21.5 0.00 

Crane ENT Naked goby-post-yolk sac larvae 20 2.06 0.00 10 0.23 

Crane ENT Northern pipefish-juvenile 20 0.06 0.00 2 0.31 

Crane ENT Northern pipefish-post-yolk sac larvae 14 0.00 0.00 0 0.50 

Crane ENT River Herring-post-yolk sac larvae 14 0.06 0.00 0.5 0.50 

Crane ENT Rough silverside-fertilized egg 20 -0.03 0.00 -2 0.69 

Crane ENT Rough silverside-post-yolk sac larvae 20 0.07 0.00 1 0.38 
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Table 3-7 Continued 

        

Difference between Night 

and Day Entrainment 

(#/100 m3)       

Plant Survey Type Taxon N Average Median 

Wilcoxon Signed-

Rank S 

Right-Tailed 

Probability1 

Crane ENT Sciaenidae sp.-fertilized egg 14 0.06 0.00 0.5 0.50 

Crane ENT Spot-juvenile 20 0.09 0.00 1.5 0.25 

Crane ENT Spot-post-yolk sac larvae 14 0.00 0.00     

Crane ENT Spottail shiner-adult 6 0.00 0.00     

Crane ENT Spottail shiner-juvenile 6 0.00 0.00     

Crane ENT Tessellated darter-juvenile 14 0.02 0.00 0.5 0.50 

Crane ENT Tessellated darter-yolk-sac larvae 14 0.00 0.00     

Crane ENT Unidentified egg-fertilized egg 14 -0.02 0.00 -0.5 0.50 

Crane ENT White perch-adult 14 0.00 0.00     

Crane ENT White perch-fertilized egg 20 -0.02 0.00 0 0.50 

Crane ENT White perch-juvenile 20 0.59 0.00 0.5 0.50 

Crane ENT White perch-post-yolk sac larvae 20 1.44 0.00 0.5 0.50 

Crane ENT White perch-yolk-sac larvae 20 -3.75 0.00 -12 0.98 

Crane ENT Yellow perch-juvenile 14 0.00 0.00     

Crane ENT Yellow perch-post-yolk sac larvae 20 14.65 0.00 7.5 0.03 

Crane ENT Yellow perch-yolk-sac larvae 20 -0.01 0.00 -0.5 0.50 
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4.0 PRELIMINARY ASSESSMENT OF INTAKE TECHNOLOGIES 

4.1. Evaluation Criteria 

The remanded Phase II Rule established national standards for existing CWISs (80–95% 

reduction in impingement mortality and 60–90% reduction in entrainment).  In lieu of further 

guidance, these milestones will be used in evaluating BPJ technologies at Crane.  Crane 

withdraws water from the mouth of Seneca Creek an estuarine river of the Chesapeake Bay; 

therefore, the facility is expected to be required to reduce both IM&E.  In addition, several 

technologies that would reduce impingement mortality were also evaluated at the request of 

Constellation. 

Criteria used to evaluate alternatives are defined in this section.  The screening process used for 

selecting alternatives for evaluation is presented in Section 4.2.  The following general 

considerations were used to develop conceptual designs of alternative fish protection 

technologies for application at Crane.  The criteria were used to evaluate the relative advantages 

and disadvantages of each fish protection alternative and to select those alternatives for more 

detailed development that have the greatest potential to effectively protect fish.  The criteria 

represent key aspects to any ultimately successful protection strategy and are not listed in order 

of priority. 

 Alternatives should be designed to reduce entrainment of fish and early life stages.  

 Alternatives should be designed to reduce impingement mortality of impingeable fish.
1
 

 The primary period of protection is April through August for entrainment. 

 The period of protection is year-round for impingement. 

 Alternatives take into consideration current project design features, as summarized in 

Table 2-1. 

 Alternative designs should have suitable conditions for fish protection over the full range 

of intake flows and water depths at the CWIS. 

 Alternatives should provide effective protection throughout the entire water column such 

that they are effective with all species potentially susceptible to IM&E. 

 Alternatives should function under expected debris loading and hydraulic conditions 

present (i.e., reasonable cleaning techniques are available and demonstrated). 

 Alternatives should preserve, to the extent possible, the existing civil/structural features. 

 Alternatives should meet worker and public safety requirements. 

 Alternatives should not adversely impact navigation. 

 Alternatives should be compatible with the other aesthetic and recreational features of the 

region. 

                                                 

1
 EPA defines an impingeable organism as one that will not pass through a 3/8 in. mesh. 
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4.2. Identification of Intake Alternatives with Potential for Application 

The available fish protection options were subjected to a screening process to determine which 

technologies offered the greatest potential for practical application at Crane.  The technologies 

selected for further investigation are detailed in Attachment A and summarized in Section 5. 

The results of the preliminary screening of the fish protection technologies are summarized in 

Table 4-1.  A technology was considered to have potential for application at Crane if: 

1. the technology has proven biological effectiveness; 

2. the technology is available and does not require extensive engineering development; and 

3. the technology has engineering and/or biological advantages over the other technologies 

evaluated. 

The screening process was as objective as possible.  However, in assessing the potential for 

application of fish protection schemes under physical, hydraulic, and environmental conditions 

in which they may never before have been applied, Alden had to use BPJ based on experience. 

A technology was deemed to have proven biological effectiveness if test data (preferably from 

full-scale application) were available that documented its effectiveness with one or more of the 

species present at that site.  If engineering data exists in sufficient detail to develop a conceptual 

design and/or if the technology has been constructed at another site, it was judged to be an 

available technology.  Each technology was qualitatively assessed to identify whether it had 

biological and/or engineering advantages over the other alternatives.  For example, an intake 

technology that has been proven effective at reducing losses for many species and under a 

variety of intake conditions has a biological advantage over one that has been proven effective 

with a few species or under limited intake conditions.  From an engineering perspective, one 

technology may hold an advantage over another if the civil/structural requirements for its 

installation are substantially less. 

The existing CWIS at Crane have 3/8 in. (9.5 mm) square mesh traveling water screens.  

Modifying the CWIS for installation of modified traveling screens with additional fish protection 

features would be relatively easy.  Three primary types of traveling screens are currently 

available.  Through-flow traveling water screens (Ristroph), dual-flow traveling water screens, 

and rotary disc screens are all engineered with modifications to reduce IM&E.  Limited 

biological data exists for rotary-disc screens; therefore, Alden used data for Ristroph traveling 

screens to represent the benefits associated with implementing a modified traveling screen 

option.  Fine-mesh (0.5 mm) screens are considered a viable alternative for reducing IM&E.  

Coarse-mesh screens (9.5 mm) are considered for reducing IM only. 

The Modular Inclined Screen (MIS) has a biological and engineering advantage over louvers, 

angled bar racks, and angled screens in preventing impingement.  The MIS has the potential to 

effectively divert most species at high velocities which requires smaller structures.  It is designed 

to operate at velocities up to 10 ft/sec.  However, the existing velocities at Crane are fairly low 

and increasing the intake velocity to accommodate MIS would require extensive construction.  
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Additionally, the MIS has not been shown to protect larval fish.  Therefore, this diversion 

technology is not considered a feasible technology at Crane. 

The existing intake could be modified to incorporate cylindrical wedgewire screens.  This 

exclusion technology has an engineering advantage over the porous dike, infiltration intake, and 

bar rack barriers (Table 4-1).  Wedgewire screens also have cleaning features that give them an 

advantage over other fixed-screens and barrier nets that are more difficult to maintain.  However, 

this cleaning feature requires the presence of a sweeping current to maximize effectiveness.  

Wedgewire screens have a biological advantage in that they can exclude more lifestages from 

intake water than conventional screens and bar racks.  For this reason, both narrow- (0.5 mm) 

and wide-slot (9.5 mm) screens have been included. 

Aquatic filter barriers (AFB) could perform a similar function to fine-mesh traveling water 

screens.  The AFB has an engineering advantage over barrier nets relative to cleaning (Table 

4-1).  An AFB has two layers of material with an air purge system installed between the layers to 

permit automatic cleaning of accumulated silt and debris.  This cleaning system can also free 

impinged fish eggs and larvae and other organisms with low motility.  The flow approaching an 

AFB is currently limited to 10 gpm/ft
2
.  Crane would require nearly 31,000 ft

2
 of AFB to achieve 

this velocity.  Assuming a 7 ft water depth the AFB would need to be over 4,000 ft long.  A 

barrier of this size would interfere with fuel shipments to the facility.  The AFB material is also 

prone to biofouling which is expected to be an issue at Crane.  Based on the size of an AFB and 

the potential for impacting navigation and anticipated biofouling issues, an AFB option has not 

been considered further.   

Fine-mesh barrier nets (0.5 mm) are easily fouled by silt and algae, require labor-intensive 

cleaning, and are considered experimental for reducing entrainment at this time.  However, 

coarse-mesh nets could reduce impingement if they were installed in a low velocity zone and 

regularly cleaned to remove debris accumulation and biofouling growth.  Constellation requested 

coarse-mesh barrier nets be included in this evaluation 

4.3. Reduced Flow Alternative 

Reducing flow by shutting down pumps or installing variable frequency drives are considered 

viable options at Crane.  Crane already reduces flow by 50% in winter and intermittently during 

the summer.  During the summer when entrainment is highest, generation and water 

temperatures are also peaking.  Installation of variable frequency drives (VFD) would allow 

better control for this option during the entrainment period.  This would be especially effective at 

night when generating demand is lowest and ichthyoplankton densities are greatest.  The amount 

the flow can be reduced cannot be predicted a priori but would result in some reduction in 

entrainment.   

4.4. Results of the Preliminary Screening 

A total of seven alternative fish protection options were identified.  The options considered for 

reducing entrainment are: 
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 fine-mesh modified traveling screens; 

 narrow-slot cylindrical wedgewire screens; 

 variable frequency drives on the existing circulating water pumps; and 

 reduced circulating water flow. 

In addition, options for only reduction in impingement mortality that have been included are: 

 coarse-mesh modified traveling screens; 

 wide-slot cylindrical wedgewire screens; and 

 barrier net. 

These technologies have proven biological effectiveness and have advantages over other 

concepts, as presented in Table 4-1.  All of these concepts have been previously developed to a 

level such that a conceptual design could be prepared for possible application of the technology 

at Crane subsequent to this study, should additional mitigation be required beyond what is 

already installed at Crane.   

Alden has prepared detailed, conceptual designs for each of the alternatives as a basis for this 

evaluation and cost estimation.  A detailed description of the selected technologies can be found 

in Attachment A, detailed costs in Attachment B, and their biological effectiveness in 

Attachment C.  A summary of each of the selected technologies along with any associated 

uncertainties is provided in Section 5.   
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Table 4-1  Initial Screening of Fish Protection Alternatives 

Concept 

Biological 

Effectiveness 

Proven 

Engineering 

Alternative 

Available 

Advantages 

Over Other 

Concepts 

Potential for 

Application 

at Crane 

Behavioral Barriers     

     

Sound No Yes Yes No 

Infrasound No Yes Yes No 

Strobe Lights Yes Yes No No 

Mercury Lights No Yes Yes No 

Chemicals No No No No 

Electric Screens No Yes No No 

Air Bubble Curtain Yes Yes No No 

Water Jet Curtain No Yes No No 

Hanging Chains No Yes No No 

Visual Keys No Yes No No 

Hybrid Barriers 

(e.g. Strobe light / air bubble 

curtain) 

Yes Yes No No 

     

Physical Barriers     

     

Fixed Screens Yes Yes No No 

Traveling Water Screens Yes Yes No No 

Rotary Drum Screens Yes Yes No No 

Barrier Net (coarse-mesh) Yes Yes Yes Yes 

Bar Rack Barrier Yes Yes No No 

Infiltration Intakes Yes Yes No No 

Porous Dike Yes Yes No No 

Aquatic Filter Barrier Yes Yes Yes Yes 

Wedgewire Screens (coarse- 

and fine-mesh) 
Yes Yes Yes Yes 
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Table 4-1 Continued 

Concept 

Biological 

Effectiveness 

Proven 

Engineering 

Alternative 

Available 

Advantages 

Over Other 

Concepts 

Potential for 

Application 

at Crane 

Collection Systems     

     

Modified Traveling (Ristroph) 

Screens (coarse- and fine-

mesh) 

Yes Yes Yes Yes 

Fish Pumps Yes Yes No No 

     

Diversion Systems     

     

Louvers/Angled Bar Racks Yes Yes No No 

Angled Screens (fixed or 

traveling) 
Yes Yes No No 

Angled Rotary Drum Screens Yes Yes No No 

Inclined Plane Screens No Yes No No 

Modular Inclined Screens Yes Yes No No 

Submerged Traveling Screens No Yes No No 

Modifications to Reduce Intake Flow    

     

Modified Pump Operation Yes Yes Yes Yes 

Variable Frequency Drives Yes Yes Yes Yes 

Closed-cycle Cooling  Yes No Yes No 
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5.0 TECHNOLOGIES WITH POTENTIAL TO REDUCE IMPINGEMENT 

MORTALITY AND/OR ENTRAINMENT AT CRANE 

The following sections present a summary for each option: (1) site-specific factors that may 

influence the design; (2) technical considerations associated with the design, installation, 

operation, and maintenance; (3) estimated construction and operating and maintenance costs, 

including replacement power; and (4) estimated biological effectiveness.  The estimates of 

biological efficacy do not take into account any possible calculation baseline credits. 

Species- and lifestage-specific estimates of biological efficacy for each of the evaluated 

alternatives are presented in Table 5-1 and Table 5-2.  More detailed information on the methods 

used to develop these estimates is presented in Appendix C.  These estimates are designed to 

provide the basis for determining the IM&E reduction benefits associated with each option. 

5.1. Impingement and Entrainment Options 

5.1.1. New Intake with Fine-mesh (0.5 mm) Modified Traveling 

Screens  

Fine-mesh traveling water screens with fish protection features could be used to reduce IM&E at 

Crane.  There are several types of fine-mesh traveling water screens available, including standard 

through-flow, dual-flow, and rotary disc screens.  All three of these screen types can be used in 

existing screenbays.  Dual-flow and rotary disc screens include features to eliminate debris 

carryover.  The biological efficacies of the three available screen types are expected to be very 

similar. 

Alden typically designs fine-mesh traveling water screen options for an average approach 

velocity of 0.5 ft/sec.  However, increasing the screening area to reduce velocities to this level 

can be costly.  In addition, on-going laboratory studies indicate that with some species good 

survival can be achieved at velocities of 1.0 ft/s, but significant differences in survival between 

0.5 ft/sec and 1.0 ft/s approach velocities are not always evident.  Site-specific hydraulic factors 

may also impact post-impingement survival.  Because of the high variability in survival reported 

in the literature, it is very difficult to predict larval survival under the site-specific conditions at 

Crane.  Therefore, Alden recommends pilot studies with a fine-mesh screen at the existing 

velocities (0.8 ft/sec at normal water) to determine if appreciable survival can be achieved.   

To be conservative, however, the costs provided in this section assume an expansion in the 

intake to achieve 0.5 ft/s velocity.  If the results of pilot-scale testing indicate that acceptable 

survival at 1.0 ft/s the costs would be similar to those required to upgrade existing screens to 

coarse-mesh modified traveling screens; detailed later in this evaluation.  A detailed discussion 

and costs for the expanded intake option have been provided in Attachments A and B, 

respectively.   

To reduce the approach velocity to 0.5 ft/sec a new screenhouse would need to be built directly 

in front of the existing screenhouses.  This screenhouse would be equipped with six, 14 ft wide 
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screens.  The existing high-pressure spraywash pumps could be used with the new screens and 

new low-pressure spraywash pumps would be needed for the low-pressure spraywash.  The 

existing fish and debris return would be used to return the fish and debris back to Seneca Creek 

outside of the intake forebay.  The sheetpile near the discharge location would need to be 

inspected and any holes repaired, to reduce the potential for re-impingement. 

Unlike narrow-slot wedgewire screens, which depend on an air-burst cleaning system coupled 

with ambient currents to transport impinged fish and debris away from the CWIS, this 

technology collects and transfers impinged organisms back to the source waterbody.  Although 

the system is designed to minimize stress to aquatic organisms, the process of collection and 

transfer will impart stresses to the organism.  These stresses can cause mortality, especially 

among the earliest life stages (e.g. yolk-sac larvae).  Generally, survival will increase as a fish 

grows.  For those fish that do come in contact with the screen, collecting them on a fine-mesh 

screen and returning them to the creek rather than allowing them to be entrained should result in 

some reduction in losses. 

The effectiveness of a fine-mesh screening system is measured in two ways: exclusion/retention 

and survival.  Fine-mesh screens prevent the entrainment of some organisms; however, the 

number is dependent upon the size of the organisms exposed to the system and the mesh size 

used.  A detailed discussion of the predicted efficacy of fine-mesh screens with the species and 

lifestages commonly entrained at Crane is presented in Attachment C.  Based on the size of 

organisms typically entrained, these screens would be effective in preventing most entrainment.  

The one exception is white perch, which would still be entrained in high numbers though the 0.5 

mm mesh.  In the most recent entrainment sampling, more than 65% of the entrained white perch 

were 4 mm or less.   

Despite high rates of retention, the overall efficacy of fine-mesh screens at Crane is expected to 

be low, because the post-impingement survival of larvae is expected to be low.  Based on 

existing literature, the expected survival of six of the eight most abundantly entrained finfish 

would be less than 50% (Atlantic menhaden, bay anchovy, naked goby, silverside, white perch, 

and gizzard shad).  Only yellow perch and Lepomis sp. (sunfish) are estimated to have survival 

rates greater than 50%. 

Post-impingement survival of juvenile and adult fish is expected to be higher.  Based on 

available literature, the post-impingement survival of most of the common species at Crane 

would exceed 50% (including: Atlantic menhaden, pumpkinseed, gizzard shad, white perch, 

bluegill, yellow perch, channel catfish, American eel, Atlantic silverside, and naked goby).  

However other species, such as blueback herring, bay anchovy, and bluefish are not expected to 

have high survival (Table 5-2). 

Conclusion 

The survival of impinged larvae and other early life stages is very species- and lifestage-specific.  

Constellation should conduct a pilot study at the existing velocities to determine post-

impingement survival.  If survival is sufficient to meet the BPJ requirements, then fine-mesh 

screens would be a good retrofit option.   
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5.1.2. Narrow-slot (0.5 mm) Cylindrical Wedgewire Screens 

Narrow-slot cylindrical wedgewire screens could be installed at Crane to reduce IM&E year-

round.  Biofouling and debris loading of the wedgewire screens is expected to be an issue with 

maintaining the screens.  To reduce these impacts the screens will be bulkhead-mounted 

allowing them to be removed for cleaning. 

Alden investigated the use several screen materials to reduce the impacts of biofouling of the 

wedgewire screens.  Copper alloys, such as Z-alloy, have been shown to reduce biofouling in 

Chesapeake Bay waters (Weisberg et al. 1986); other studies have shown that this alloy greatly 

reduced the prevalence of biofouling when compared to stainless steel (Wiersema et al. 1979).  

Z-alloy or other copper-based antifouling screens were not chosen, because copper leaching may 

violate Crane’s NPDES limits.  The most effective control of biofouling observed by Weisberg 

et al. (1986) was achieved using organo-tin coatings.  However, their use has been severely 

limited (OAPCA 1988), because the coatings are highly toxic.  Since no other screen materials 

are considered viable at Crane, Alden selected a design that uses stainless steel screens.   

The selected design consists of 26, T-72 (6 ft diameter) screens with 0.5 mm slot openings.  The 

screens would be mounted on screen guides to a new bulkhead that would replace the existing 

bulkhead.  A top deck would provide a work platform for screen maintenance.  An air backwash 

system was included to remove debris and organisms impinged on the screens.  Tidal currents 

should be sufficient to transport debris away from the screens.  To remove biofouling the screens 

would be lifted out of the water and manually cleaned. 

Through-slot velocity and ambient velocity (also referred to as channel or approach velocity) can 

have considerable effects on impingement and entrainment of fish exposed to wedgewire 

screens.  Impingement and entrainment have been positively correlated with slot velocity and 

inversely related to ambient velocity (Hanson et al. 1978; Heuer and Tomljanovich 1978).  The 

interaction between these two velocity parameters also is important, with available data 

suggesting that the ratio of ambient velocity to slot velocity should be maximized for effective 

exclusion of aquatic organisms (Hanson 1978).  In laboratory studies (EPRI 2003) it was 

demonstrated that as this ratio of ambient velocity to slot velocity increases, entrainment and 

impingement rates decrease.  Without a detailed study of the hydraulics near Crane, the 

magnitude of the sweeping currents cannot be determined.   

Existing data from wedgewire field studies have indicated that effectiveness is species- and site-

specific.  Head capsule depth data developed for the fine-mesh screen option were used to 

estimate the physical exclusion that could be achieved with narrow-slot wedgewire screens.  Two 

studies were conducted in the Chesapeake Bay that support the predicted exclusion of entrained 

species at Crane (Weisberg et. al. 1987 and EPRI 2006).  Detailed discussions of the efficacy of 

wedgewire screens and predicted exclusion of commonly entrained species at Crane are 

presented in Attachment C.   

Conclusion 
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The installation of narrow-slot wedgewire screens would require a new sheetpile bulkhead, 

dredging of the intake area, and down-time for construction.  In addition, operation of wedgewire 

screens would substantially increase the O&M costs associated with intake operation over 

current levels.  The variability of ambient currents and their ability to transport organisms and 

debris away from the screens would need to be investigated further.  Additionally, biofouling of 

the screens is a concern and may mitigate the efficacy of the screens at Crane.   

Assuming the screens function as designed this option should meet the entrainment reduction 

performance standard.  In addition, wedgewire screen standard designs call for a maximum 

through-slot velocity of 0.5 ft/sec, which should virtually eliminate impingement of juvenile and 

adult fish.  .  However, based on the uncertainties mentioned above, the efficacy of narrow-slot 

wedgewire screens at Crane is questionable.   

5.1.3.  Reduce Intake Flows and/or Variable Frequency Drives  

Reducing flow by shutting down pumps or installing variable frequency drives (VFD) are 

considered viable options at Crane.  During the summer when entrainment is highest, generation 

and water temperatures are also peaking.  Constellation may be able to reduce the flow during 

this period, by maintaining the minimum flow required to meet thermal requirements.  

Installation of VFDs would allow greater precision in reducing flow.  Flow reduction would be 

especially effective at night when generating demand is lowest and ichthyoplankton densities are 

greatest.  The amount the flow can be reduced is expected to be less than 40% but would result in 

some reduction in entrainment.    

The existing intake structure would remain the same with only minor modifications required to 

install the VFDs.  The existing traveling water screen equipment would not require replacement 

or upgrade.  Operation and maintenance would not change for the screens and pump equipment.  

Several issues must be addressed prior to installing VFDs at Crane to ensure reliable operation.  

A minimum water pressure must be maintained in the existing condensers.  The pumps must 

operate fast enough to keep the waterboxes full and avoid a vacuum in the top tubes of the 

condenser and the top of the outlet waterboxes.  At slow speeds the existing circulating water 

pumps may experience uneven loading on the pump impellers causing excessive vibrations.  The 

pump bearings and shaft may not be designed for these vibrations and could be damaged.  The 

pump motors would also be susceptible to overheating and other damage from running at speeds 

other than their design speeds.    

Biological testing indicated that diel patterns in entrainment densities occur. This pattern would 

allow Crane to reduce flow at nigh which is the period of less demand and obtain the greatest 

reduction in entrained organisms.  

Conclusion 

Reducing flow by shutting down pumps or installing variable frequency drives are considered 

viable options at Crane.  Installation of VFDs would allow better control for this option; 

especially at night when generating demand is lowest and ichthyoplankton densities are greatest.  
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The amount the flow can be reduced is expected to be less than 50% but would result in some 

reduction in entrainment.    

General trends in load demand for the units will determine periods when running at reduced 

flows could affect the ability of the plant to meet generation demands.  This option could also be 

used in combination with an IM reducing technology to further reduce impingement. 

 

5.2. Impingement Mortality Options 

5.2.1. Coarse-mesh (9.5 mm) Modified Traveling Screens 

If reducing the intake flow at Crane meets the BPJ requirements for reducing entrainment, then 

installing coarse-mesh modified traveling water screens can be used to further reduce 

impingement mortality.  The existing traveling water screens would be replaced with new, state-

of-the-art, coarse-mesh screens with fish protection features.  A finer mesh could be could be 

considered to prevent the entrainment of late-larval and early juvenile fish.  Except for the mesh 

size these screens would be identical to the screens described in Section 5.1.1.  A detailed 

description of this option is provided in Attachment A.  

Using screens with 9.5 mm or similar mesh will not reduce entrainment.  The juvenile and adult 

survival estimates for this option are the same as those for fine-mesh screens described above in 

Section 5.1.1. 

Conclusion 

Coarse-mesh modified traveling screens are a viable alternative for reducing impingement 

mortality.  These screens are very similar to the existing screens and are a proven technology; 

therefore, there are no engineering concerns that could prevent their use.   

5.2.2. Wide-slot (9.5 mm) Cylindrical Wedgewire Screens 

Wide-slot cylindrical wedgewire screens virtually eliminate impingement mortality of juvenile 

and adult fish because of the low through-slot velocity.  Eight, T-72 (72 in. diameter) screens 

with 9.5 mm slot openings would be required to accommodate the total facility flow.  These 

screens would be mounted to a new sheetpile bulkhead similar to the narrow-slot wedgewire 

option discussed in Section 5.1.2.  The increased open area of the wide-slot screens would reduce 

the potential for excess debris loading and biofouling, however, the operational and maintenance 

issues associated with narrow-slot screens would still be applicable.   

Conclusions 

The screens would virtually eliminate impingement of juvenile and adult fish.  These screens 

would be prone to debris loading and biofouling similar to the narrow-slot wedgewire option.   



 

40 

5.2.3. Coarse-Mesh (6.4 mm) Barrier Net  

A barrier net could be installed at Crane to reduce impingement mortality.  Alden typically 

designs barrier nets for an approach velocity of 0.25 ft/sec that results in a through-mesh velocity 

of about 0.5 ft/sec which should eliminate impingement.  Use of a 6.4 mm net mesh should also 

result in some reduction in entrainment. 

A net approximately 260 ft long could be installed in the existing opening in the sheetpile 

bulkhead to prevent fish from entering the intake embayment.  To achieve a 0.25 ft/sec approach 

velocity at full flow, the river bottom at the proposed net location would need to be dredged to a 

bottom elevation at El. -12.0 ft, similar to the navigation canal.  The net would be made using 

netting with 1/4 inch (6.4 mm) square openings, to allow the material to stretch without 

expanding beyond 3/8 inch.  A detailed discussion of the installation and costs are provided in 

Attachments A and B, respectively. 

Barrier nets prevent the impingement of organisms by physically excluding organisms too large 

to fit through the open areas of the net.  In addition, low through-net velocities allow juvenile 

and adult fish to swim away from the net surface.  Estimates based on fish body depths and the 

lengths of impinged fish indicate that this option would physically exclude most species at 

Crane.  Atlantic menhaden, which were impinged at sizes that could fit through 6.4 mm openings 

are expected to be 83% excluded.   

Because impingement occurs throughout the year, the net would need to be installed year round.  

Alden included the use of aerators to create turbulence during the winter to reduce icing.  An 

optimized cleaning schedule could be developed after installation of the net.   

Conclusions 

A barrier net at Crane would meet the BPJ requirements for IM reduction.  In fact, a barrier net, 

with a higher through-mesh velocity, has been very effective at reducing impingement of blue 

crab at the Chalk Point Generating Station on the Bay (Bailey 2000).  The barrier net alone 

would not reduce entrainment.   
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Table 5-1  Predicted Performance of the Entrainment Reducing Technologies with the Commonly Entrained Larvae at 

Crane
1
. 

    
Fine-mesh  

Screens   

Narrow-slot 

Wedgewire   VFD 

Taxa   

Percent 

Retention 

Percent 

Survival 

Percent 

Reduction in 

Entrainment   

Percent 

Reduction in 

Entrainment   

Percent 

Reduction in 

Entrainment2 

Atlantic menhaden  100.0 47.8 47.8  100.0  40.0 

bay anchovy  98.6 1.0 1.0  98.6  40.0 

naked goby  100.0 20.6 20.6  100.0  40.0 

silversides  91.5 1.2 1.1  91.5  40.0 

white perch  31.6 1.5 0.5  31.6  40.0 

yellow perch  98.8 64.6 63.8  98.8  40.0 

Lepomis sp.  94.9 82.0 77.8  94.9  40.0 

gizzard shad  50.0 1.0 0.5  50.0  40.0 

1 efficacy estimates for larval fish limited to entrainment reducing technologies.  The remaining technologies, barrier nets, coarse-mesh modified traveling screens, and wide-slot 

wedgewire screens, would not reduce entrainment of larval fish. 

2 efficacy estimate is highly conservative and  assumes maximum use of VFD during entrainment periods with no regard to generating penalties. 
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Table 5-2  Predicted Performance of the Evaluated Technologies with the Commonly Impinged Juvenile and Adult Fish at 

Crane 

    
Fine-mesh  

Screens   

Narrow-slot 

Wedgewire   VFD   Barrier Net 

Taxa   

Percent 

Survival   

Percent Impingement  

Mortality Reduction   

Percent 

Reduction in  

Impingement   

Percent 

Reduction in  

Impingement 

Atlantic menhaden  50.4  100.0  40.0  82.7 

pumpkinseed  91.6  100.0  40.0  100.0 

gizzard shad  51.6  100.0  40.0  100.0 

white perch  61.6  100.0  40.0  100.0 

blueback herring  6.5  100.0  40.0  100.0 

bluegill  97.8  100.0  40.0  100.0 

yellow perch  98.6  100.0  40.0  100.0 

channel catfish  81.4  100.0  40.0  100.0 

American eel  82.5  100.0  40.0  100.0 

Atlantic silverside  98.2  100.0  40.0  100.0 

naked goby  93.2  100.0  40.0  100.0 

bay anchovy  21.7  100.0  40.0  100.0 

bluefish  33.3  100.0  40.0  100.0 
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6.0 COST ANALYSIS 

A summary of the detailed engineering cost estimates (based on detailed quantity take-offs) of 

the fish protection technologies evaluated are presented in this section.  A full discussion of the 

costs is provided in Attachment B.   

Costs for the technologies are provided to allow a valid comparison between the options.  These 

costs include estimated annual O&M costs, estimated annual energy required for operating the 

equipment, and the estimated plant outage necessary for construction/installation for each 

technology option Table 6-1.   

Capital costs, including replacement power during construction related shutdowns, for the intake 

alternatives to reduce entrainment range from $1,194,000 to add VFDs to $23,956,000 to install 

fine-mesh modified traveling water screens in a new screenhouse.  If the CWISs do not need to 

be replaced the cost for installing fine-mesh modified traveling water screens would be 

approximately $2,515,000, which is the same cost to install coarse-mesh traveling water screens 

in the existing screenhouses.  Capital cost to reduce impingement only, range from $484,000 for 

a barrier net to $11,021,000 for wide-slot cylindrical wedgewire screens. 

Alden included an estimate of existing annual O&M costs to allow the incremental costs of 

selected technologies to be calculated.  Incremental costs are a better estimate of the additional 

cost incurred with each technology at the facility.  The same assumptions were used in 

calculating all O&M costs.   
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Table 6-1  Alden’s Costs of Evaluated Alternatives 

Alternative 
Construction 

Costs (2007$) 

Replacement 

Power During 

Construction 

(MWh) 

Total 

Capital 

Costs 

(2007 $)
1 

O&M Costs 

(2007 $)
2 

Lost 

Generation 

(MWh)
3 

Annualized 

Capital Costs 

(2007 $)
3 

Incremental 

Annualized 

O&M Costs  

(2007$)
1,3 

Total 

Incremental 

Annualized 

Costs  

(2007 $) 

IM&E 

Expand Intake with Fine-mesh 

Screens with Fish Protection 

Features 
$12,121,000 169,070 $23,956,000 $399,000 1,163  $3,411,000  $202,000  $3,613,000  

Cylindrical Wedgewire 

Screens with 0.5 mm Slot 

Width 
$21,255,000 0 $21,255,000 $537,000 133 $3,026,000  $340,000  $3,366,000  

Retrofit Variable Frequency 

Drives to Existing Circ. Water 

Pumps 
$1,194,000 0 $1,194,000 $197,000 37  $170,000  $0  $170,000  

IM Only 

Coarse-mesh Traveling 

Screens with Fish Protection 

Features 
$2,515,000 0 $2,515,000 $269,000 1,045  $358,000  $72,000  $430,000  

Cylindrical Wedgewire 

Screens with 9.5 mm Slot 

Width 
$11,021,000 0 $11,021,000 $225,000 75  $1,569,000  $28,000  $1,597,000  

Coarse-mesh Barrier Net $484,000 0 $484,000 $367,000 53  $69,000  $170,000  $239,000  

Existing Operations4 $0 0 $0 $197,000 37  $0  $0  $0  

1. Assumed $70 per MWh. 

2. Costs operate and maintain the existing traveling water screens is included where applicable 

3. Included increase in generating capacity 

4. Annualized over 10 years with a 7% discount rate   
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A.1. Introduction 

Alden has evaluated six intake technologies that could be used at Crane to reduce entrainment 

and/or impingement mortality.  Technologies evaluated with the potential to reduce IM&E are: 

 fine-mesh (0.5 mm) traveling screens; 

 narrow-slot (0.5 mm) cylindrical wedgewire screens; and  

 reduced circulating water flow with or without VFDs. 

The technologies that would reduce IM only are: 

 coarse-mesh (9.5 mm) traveling screens; 

 wide-slot (9.5 mm) cylindrical wedgewire screens; and  

 coarse-mesh (6.4 mm) barrier net. 

Alden has prepared detailed, conceptual designs for each of these alternatives as a basis for 

evaluation and cost estimation.  The following sections present, for each option, site-specific 

factors that may influence the design and technical considerations associated with the design, 

installation, operation, and maintenance.  Estimated construction and operating and maintenance 

costs, including replacement power are provided in Attachment B.  Detailed biological efficacy 

estimates are provided in Attachment C. 
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A.2. Impingement Mortality and Entrainment Reducing Options 

The following technologies have potential to meet the BPJ requirements for both IM&E at 

Crane.   

A.2.1. New Intake with Fine-mesh (0.5 mm) Modified Traveling Screens 

Fine-mesh Ristroph screens could be used to reduce both impingement mortality and entrainment 

(IM&E) at Crane.  The velocity approaching the traveling water screens in the Units 1 and 2 

CWISs is 0.8 ft/sec.  Alden typically uses a 0.5 ft/sec screen approach velocity when designing 

fine-mesh traveling screen options.  Since the velocities in the existing intake structures are 

greater, Alden has designed this option with additional screening.  Expanding the intake to 

accommodate the additional screen area requires substantial civil/structural modifications to the 

intake and would be expensive.  Constellation should consider a pilot-scale test of fine-mesh 

screens at the existing velocity.  If post-impingement survival is high, intake expansion would 

not be necessary.  The cost for replacing the existing screens with fine-mesh screens without 

expanding the intake would be similar to the cost of coarse-mesh screens with fish protection 

option detailed in Section A.3.1.   

Several types of modified traveling screens are available.  Ristroph screens incorporate fish-

friendly features, such as low-pressure sprays and fish lifting buckets, and have similar 

hydraulics to the existing screens (i.e., though-flow design).  Dual-flow screens are like standard 

screens rotated 90 degrees to the flow.  Rotary-disc screens have both the ascending and 

descending sides of the screen on the upstream side.  Because debris loading and carryover are 

not issues at Crane, no screen type would have an advantage over the other.  A detail of a 

standard Ristroph screen is provided on Figure A-1.  Typical cross sections and elevations of a 

Passavant-Geiger MultiDisk
tm

 screen and dual-flow screens are shown on Figure A-2 and Figure 

A-3, respectively. 

To accommodate the additional screens necessary to reduce approach velocity, a new intake 

would be constructed upstream of the existing CWIS.  Six new screen bays would be needed to 

reduce the approach velocity to 0.5 ft/sec.  The new screenbays would be sized to accommodate 

14 ft wide screens with 0.5 mm mesh.  The existing traveling water screens would be removed.  

Operation and maintenance (O&M) of the circulating water pumps would not be effected.  A 

plan of the new intakes is shown on Figure A-4.  

Each new traveling water screen basket would have a fish bucket to keep organisms in about 2 

inches of water while they are lifted to the fish recovery system.  A low-pressure (10 psi) spray 

would be used to remove fish from the fish buckets into a fish sluice.  A conventional high-

pressure (80 psi) wash would then remove debris.  The existing high-pressure screen wash 

pumps could be used for the high-pressure wash on the new screens, but new pumps would be 

needed for the low-pressure spraywashes.   

Depending on the screen chosen and expected debris loading, separate fish and debris troughs 

may be required.  The troughs would connect to the existing fish return line which would 
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continue to return fish in the same location.  The bulkhead wall near the discharge location 

would need to be inspected to make sure that there are no holes that may allow fish to swim back 

into the intake forebay.   

Construction of the new screenhouse would take approximately two years.  During the first stage 

of construction, a cofferdam would be installed and de-watered approximately 30 ft upstream of 

the intake structure.  This structure will allow the new screenhouse to be built while the existing 

screenhouse is operating.  Once the cofferdam is completed the new screenhouse would be 

constructed and the screens installed.  After completion of the new screenhouse, the cofferdam 

would be removed and sheetpile isolation walls would be constructed connecting the new 

screenhouse to the existing CWIS.  Flow would be conveyed to the plant through the new 

screenbays while the isolation walls were being installed.  The last stage in construction would 

be removal of the original traveling water screens.  By sequencing construction, Crane would 

limit shut down to one month beyond the existing maintenance outage. 

Maintenance of the new, modified traveling screens would be similar to that for the existing 

screens.  To reduce impingement duration and improve survival, the screens would be rotated 

and cleaned continuously.  Total power requirements to clean and operate the screens year-round 

would be about 1,163 MWh per year.  Each of the screens would need to be inspected daily 

requiring approximately 1,643 man-hours per year.   

Fine-mesh screens would decrease the entrainment of larval fish through the circulating water 

system (CWS).  The effectiveness of a fine-mesh screening system is measured in two ways: 

exclusion/retention and survival.  The rate of exclusion would depend upon the size of the 

organisms exposed to the system.  Detailed discussions of the estimated biological efficacy of 

this option with the species and life stages typically impinged and entrained at Crane are 

presented in Attachment C. 

A.2.2. Narrow-slot (0.5 mm) Cylindrical Wedgewire Screens 

Narrow-slot wedgewire screens could be installed at Crane to reduce fish entrainment and 

impingement.  The screens would be designed for a maximum through-slot velocity of 0.5 ft/sec.  

Thirty, T-72 screens with 0.5 mm slots would be necessary to accommodate the total facility 

flow.  Each screen would be 6 ft in diameter and T-shaped, with an overall length of about 20 ft.  

The outlet pipe would be 4 ft in diameter and located in the middle of the T section.  A typical 

wedgewire screen is shown in Figure A-5.  Because of Crane’s copper discharge limit, Alden has 

assumed that the screens would be made out of a stainless steel.  

The screens would be mounted on screen guides connected to a bulkhead surrounding the 

existing intake structure.  The new bulkhead would be placed to preserve the shape of the 

existing sheetpile bulkhead.  New sheetpile will be used to construct the bulkhead to alleviate 

any concerns about the structural integrity of the existing sheetpile.  Sheetpile would be used to 

close the existing opening and isolate the flow through the screens.  A top deck would be 

constructed on the new bulkhead to provide access to the screens for maintenance and cleaning.  

Three screen hoists would be installed on the top deck to lift the screens during cleaning and 

maintenance.  A plan and sectional drawing of the narrow-slot wedgewire option is shown on 
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Figure A-6 and Figure A-7, respectively.  Approximately 12,000 cubic yards of material would 

have to be dredged from the area around the screens to elevation EL. -16.0 ft to accommodate 

the size of the screens.    

An air backwash system, complete with necessary air compressors and controls, would be 

installed to clean the screens of debris.  The air compressor and controls would be located in a 

new pre-fabricated structure located on the top deck of the bulkhead wall.  The air backwash 

system would be an effective method for maintaining the wedgewire screens in a clean 

condition.  Tidal currents in Seneca Creek should be sufficient to transport debris and organisms 

away from the screens during ebb and flood tides.  Manual cleaning is expected to be required to 

control biofouling of the screen material.  

Construction efforts would be sequenced to reduce effects to the operation and maintenance of 

the existing intake and require about two and a half years.  During the first year the existing 

sheetpile would be removed and a temporary cofferdam would be constructed around the eastern 

half of the bulkhead.  The area within the cofferdam would be dewatered and the area would be 

dredged and new sheetpile installed.  Cooling water would be allowed to flow through the 

western portion of the existing bulkhead area where the sheetpile would be removed.  Once the 

new sheetpile bulkhead is constructed, the top deck and screen guides would be installed.  Once 

construction on the eastern portion is finished, the temporary cofferdam would be removed.  

During the second year of construction, a temporary cofferdam would be constructed around the 

western half of the new bulkhead.  Construction of this half of the new intake would be similar to 

the eastern half.  Once both sides of the new bulkhead are completed the wedgewire screens will 

be lowered in place.  The airburst system and associated electrical work would be completed at 

this time.  Construction of this alternative should not require the facility to be shutdown.  

Approach velocities at the screens would be similar to ambient currents present in Seneca Creek.  

Head losses through the screens should not exceed 1.0 ft (assuming biofouling would not be a 

significant problem).  Flow patterns to the pumps would not change from the existing conditions. 

Maintenance requirements for the circulating water pumps with the wedgewire screens in place 

would not change.  For costing purposes, Alden has assumed that each screen would need to be 

backwashed once a day, which would require 95 MWh per year.  The actual rate of cleaning 

would depend upon debris loading and could only be determined after the screens were installed.  

Manual cleaning to remove the biofouling and heavy debris may be needed as frequently as once 

a month.  This would take a three-man crew approximately eight days per cleaning.  To make 

sure that the screens are seated correctly and that there are no gaps for fish to bypass, the screens 

would need an annual diver inspection.   

Biofouling of the screens during the summer could be an issue with wedgewire screens and may 

limit their effectiveness.  Alden investigated the use of several screen materials and coatings to 

determine their effectiveness at reducing biofouling.   

In 1983, biofouling studies were conducted at Chalk Point Power Station on the Patuxent River 

and at the Chesapeake Biological Laboratory at Solomon, MD (Weisberg et al. 1986).  This 

study evaluated a copper-nickel alloy, organotin coatings, and an air backwash to prevent 
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biofouling on wedgewire screens.  At Chalk Point the main biofouling organisms were 

bryozoans, hydroids, and tube-building amphipods.  At the lab in Solomon, biofouling consisted 

of mainly bryozoans, polychaetes, and anemones.  While the nature of the biofouling at Crane is 

not known, Alden expects that some assemblage of the species tested would be present.   

For all of the tests biofouling occurred primarily from May to September.  Biofouling on the 

copper-nickel screens was similar to that of stainless steel; however, the fouling biota was less 

firmly attached than on the stainless steel screens.  The screens that were coated with an 

organotin compound had significantly less biofouling than uncoated panels.  The airburst test 

also showed significantly less fouling on the screen equipped with airburst.    

Based on this study, an organotin coating would be the best biofouling control.  Unfortunately, 

the use of this family of chemicals is very detrimental to the environment.  As a result, the use of 

these chemicals is severely restricted by the Organotin Antifouling Paint Control Act of 1988 

(OAPCA 1988).  While its use is permitted is some circumstances, Alden does not expect that 

the MDE will approve their use in this application.  Additionally, applying a coating to a 0.5 mm 

slot mesh will result in a significant and unknown reduction in the open area of the screens.   

Alden looked at a copper-nickel alloy (Z-alloy) for the screen material.  While the results from 

Weisberg et al. (1986) did not show a significant difference in biofouling between stainless steel 

and the copper-nickel alloy, copper alloys have been extensively used as an antifouling agent on 

ships and in other marine applications.  Wiersema et al. (1979) investigated biofouling of 

wedgewire screens in Galveston Bay, TX and the results indicated that the copper alloys 

significantly reduced biofouling on the screens.  Copper alloy screens prevent biofouling by 

forming copper-oxides at the water/metal interface.  The release of copper oxides into Seneca 

Creek may be detrimental to the local ecosystem.  The copper limit in the Crane NPDES permit 

is very stringent and the use of copper-alloy screens may result in a violation of these limits.  

Therefore, these copper-nickel alloy screens were dropped from consideration. 

The debris conditions in Seneca Creek during storm events may make maintaining the screens 

difficult.  During low debris periods, loading on the screens is expected to be fairly minimal.  If 

there is debris present the airburst system should keep the screens clean.  The existing traveling 

water screens would need to remain in place and be in working condition to screen the water in 

the event that the wedgewire screens need to be bypassed. 

Alden recommends a detailed hydraulic study of Seneca Creek be conducted prior to installing 

screens to determine if tidal flushing is sufficient to move debris past the screens.  Constellation 

should also consider conducting a pilot study with a small wedgewire screen to approximate the 

rate of debris loading and biofouling and to determine the effectiveness of the air burst system 

for debris removal.   

A.2.3. Retrofit Variable Frequency Drives to Existing Circulating Water 

Pumps  

Variable frequency drives (VFDs) could be installed on the circulating water pumps to adjust the 

cooling water flow and allow greater flexibility in plant pumping rates.  Such flexibility in 
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operations would assist plant personnel in meeting thermal discharge limits while meeting 

generation demand and/or reducing intake velocity.  Alden has evaluated installing VFDs on 

both circulating water pumps at each unit.   

Alden recommends that the existing pumps be inspected prior to installing VFDs.  If the pumps 

are not in good condition they may need rehabilitation or replacement.  Alden also recommends 

inspection of the existing pump motors, because VFDs require motors rated for inverted duty.  If 

the existing motors are not rated for inverted duty then they would need to be replaced.  

Discharge valves on the condenser outlet waterboxes would have to be throttled, especially at 

lower flows to assure that the top tubes are full of water and remain within the manufacturer’s 

vacuum pressure rating.  Alden assumed the existing vacuum priming systems would not need to 

be replaced and the existing traveling water screen equipment would not require replacement or 

upgrade.  Installation of the VFDs would be accomplished over a two-month period with the 

efforts sequenced to complete one pump at a time.  Each VFD would require approximately two 

weeks for installation.  A truck-mounted crane would be required for the entire installation 

period.  Timing the VFD installation with pre-scheduled maintenance outages will allow the 

pumps to be upgraded without any additional losses in power. 

Operation and maintenance of the circulating water pumps with VFDs would be similar to 

operation and maintenance of the existing pumps.  The pump equipment would not require any 

additional power and would require the same level of manpower for maintenance.  Prior to 

installation, a detailed design review of condensers, circulating water pumps, motors, and piping 

needs to be conducted.   

Annual reductions in entrainment will depend upon the spatial and temporal distribution of 

organisms in the water body and the periods during which flow is reduced.  Since 

ichthyoplankton densities are greater at night, any reduction in flow during these hours will have 

a proportionately greater overall reduction in entrainment.  Decreases in velocity during periods 

of flow reduction could also reduce the entrainment of later larval stages and early juvenile fish 

that have the ability to avoid involvement with the intake.  

The reduction in impingement that could be achieved is difficult to assess a priori. The overall 

reduction in annual impingement will depend upon the periods during which the facility operates 

at reduced flow and the abundance of impingeable organisms present at that time.   

A.3. Impingement Mortality Reducing Options 

The technologies discussed below could be used to reduce impingement mortality, but would not 

reduce entrainment.  

A.3.1. Coarse-mesh (9.5 mm) Modified Traveling Screens 

Coarse-mesh traveling screens with fish protection features could be installed in the existing 

screenhouses.  The coarse-mesh screens would have 9.5 mm mesh.  A finer-mesh could be used 

with these screens to reduce some entrainment.  The average screen approach velocity at each 

unit is about 0.8 ft/sec at normal water levels.  Based on recent laboratory evaluations (EPRI 
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2006) and field evaluations (e.g., Beak 2000a, 2000b), post-impingement survival should be high 

with most of the commonly impinged species at Crane and no velocity reduction would be 

necessary.  

Traveling water screens with fish protection features are very similar to conventional traveling 

water screens with the exception that they have fish buckets, both high- and low-pressure 

spraywashes, and are rotated continuously.  Currently, there are several variations of these types 

of traveling screens available.  Each of these technologies has comparable impingement survival 

while offering unique operational features.  Modified Ristroph screens have been successfully 

used at a number of facilities for many years.  Dual-flow and center-flow screens are also a 

proven technology and offer the additional benefit of eliminating carry-over and reduced 

headloss through the screens.  Passavant-Geiger MultiDisc
TM

 screens are another screening 

technology that also provides the benefit of eliminating carryover.  The Hydrolox polymer belt 

screen is lighter and potentially less costly to install and operate than other traveling screens.  

Any of these options could be used effectively at Crane to reduce impingement mortality.  For 

this evaluation, Alden has assumed that coarse-mesh Ristroph screens would be installed.   

Each new fish protection screen would have 9 ft wide baskets with a coarse-mesh.  These new 

screens would replace the existing traveling screens and be installed in the existing screen slots.  

The existing fish and debris return line would continue to be used with this option.  To prevent 

the potential for re-impingement, the sheetpile bulkhead near the fish return should be inspected 

and any holes repaired.  Costs for the inspection and repair of the bulkhead are not included in 

the cost estimates in Attachment B. 

Removal of the existing screens, installation of the new screens, and completion of mechanical 

and electrical work would require about 2 weeks per screen.  This replacement could be 

conducted during previously scheduled maintenance outages to eliminate any additional 

shutdowns.  Annual operating and maintenance for the new screens would require about 1,643 

man hours and 1,045 MWh for operation of the screens and screen wash pumps continuously.  

A.3.2. Wide-slot (9.5 mm) Cylindrical Wedgewire Screens 

Wide-slot (9.5 mm) wedgewire screens could be installed to reduce fish impingement.  The 

screens would be designed for a maximum slot velocity of 0.5 ft/sec.  Eight T-72 (72 in. 

diameter) screens would be necessary to accommodate the total facility flow.  Each screen would 

be 6 ft in diameter and T-shaped, with an overall length of about 20 ft.  The outlet pipe would be 

4 ft in diameter and located in the middle of the T section.  The design of the wide-slot 

wedgewire option, which is shown in Figure A-8, is similar to the narrow-slot design, except 

fewer screens and air compressors would be required.  

A single screen hoist would be mounted on the top deck to allow access to the screens during 

cleaning and maintenance.  Approximately 5,900 cubic yards of material would have to be 

dredged from the area around the structure to elevation EL. -16.0 ft to accommodate the size of 

the screens.   
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The construction methods for this option would be similar to the narrow-slot wedgewire option, 

discussed above.  Because fewer screens are required, a smaller portion of the existing bulkhead 

wall would need to be replaced.  Alden expects that this project would take about 2 years to 

complete.  The original bulkhead sections that would remain in place would need to be inspected 

prior to the construction of the new sections.  If the old bulkhead sections are in disrepair, then 

they would need to be replaced to prevent flow from bypassing the wedgewire screens.  Costs to 

replace the existing bulkhead are not included in the cost for this option.  Construction of this 

alternative is not expected to require the facility to be shutdown.   

O&M on wide-slot wedgewire screens would be similar to the narrow-slot option except the 

increased slot width would allow more debris to pass through the screens reducing the potential 

for the screens to accumulate debris.  The wider slots would also reduce the effect of biofouling 

on the screens.  The ability for the tides to carry debris from the screens is still unknown and 

would require that the existing screens be maintained in the event that the wedgewire screens 

need to be bypassed.   

Approach velocities at the screens would be similar to ambient currents present in Seneca Creek.  

Head losses through the screens should not exceed 1.0 ft (assuming biofouling would not be a 

significant problem).  Flow patterns to the pumps would not change from the existing conditions. 

Maintenance requirements for the circulating water pumps with the screens in place would not 

change.  Approximately 38 MWh per year would be needed to operate the air compressors.  

Plant personnel would be required to operate the air compressors and monitor backwashing 

operation to maintain the air supply equipment.  Manual cleaning of the screen to control 

biofouling will take about 2 days per cleaning.    

Wide-slot wedgewire screens are a physical barrier to impingeable-size fish.  In addition, low 

through-slot velocity (≤ 0.5 ft/s) will allow juvenile and adult fish to avoid the screens, which 

should virtually eliminate impingement.  Some reduction in entrainment of larger entrainable 

organisms may occur, but would be difficult to quantify a priori. 

A.3.3. Coarse-mesh Barrier Net 

A 6.4 mm mesh barrier net could be used to reduce impingement at Crane.  Alden typically 

designs barrier nets for a 0.25 ft/sec approach velocity or less.  To achieve 0.25 ft/sec approach 

velocity, the net would need to have an effective area of about 2,760 ft² at high water level.  

Assuming a 12.0 ft water depth in front of the intake bays, the net would have to be about 240 ft 

long and span the opening to the existing forebay as shown on Figure A-9.  The actual length of 

the net would be about 260 ft long to allow for some slack between the piles.  The net would be 

installed year-round. 

The barrier net would be installed in the open area in the existing sheetpile currently occupied by 

the oil boom.  The existing bulkhead should be inspected and repaired or replaced prior to 

construction.  Costs to repair or replace damaged portions of the bulkhead wall were not taken 

into consideration in the cost estimates for this alternative.     
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The 6.4 mm mesh size should be sufficiently small to act as a physical barrier to juvenile and 

adult fish.  This mesh was selected to allow the material to stretch without expanding beyond a 

9.5 mm opening.  The net would be fabricated in panels to facilitate installation by divers.   

The net would be supported by piles, floats, and anchors.  The bottom of the net would be 

contoured to follow the bottom.  Floats would be used to prevent the top of the net from 

submerging.  Piles would be spaced approximately every 20 ft along the net for support.  During 

the winter months when icing may be an issue, aerators will be used to prevent the net from 

freezing.   

Each panel would be about 55 ft long and fabricated to match the water depth at the specific 

installation position.  A total of five panels would be needed for the system.  A bottom anchor 

chain and top floatation billets would be incorporated into each net panel.  The panels would 

then be framed with rope to transfer forces to piles, top floatation, and bottom anchor chain.  

Quick disconnect chain links would be installed by divers at 3 ft intervals to join the net panels to 

the pile supports.  There would be some overlap between the panels to allow for compete 

protection.  Top and bottom anchor lines would run between the piles and attach to net panels 

where they connect, about every 8 ft along their length.   

Alden has assumed the net would have to be removed every week for cleaning during the 

warmer months and once a month during the winter.  Two nets would be needed to 

accommodate this cleaning schedule.  Replacement would take approximately a day for divers to 

remove the dirty nets and install clean ones.   

To completely install the net and support system would require 2 months.  The piles would be 

installed using barge mounted rigs and cranes.  Once the support system is in place, Alden 

expects that installing the net the first time would take about 2 weeks.  Construction efforts 

associated with the net would not impact plant operation. 

In the event of severe debris loading, the top of the net would be designed to submerge to 

minimize damage to the nets and support system.  This will also ensure that there is sufficient 

water available for cooling.  Depending on the local conditions, replacement of the some net 

panels may be required as frequently as every year.  For costing purposes Alden has assumed 

that the entire net would need to be changed out every 3 years. 

The net would not eliminate the need to operate the existing traveling water screens.  While the 

net is in place, the screens would have to be ready to operate in the event of overtopping or net 

failure due to severe blockage of the net material.  Maintenance requirements for the circulating 

water pumps would not change with this option. 
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Figure A-1  Typical Ristroph Screen Section 
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Figure A-2  Typical Geiger Screen – Section and Elevation (adapted from Geiger 2005) 
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Figure A-3  Typical Dual-flow Screen – Section and Elevation (Bracket Green 2007) 
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Figure A-4  New Intake with Fine-mesh Modified Traveling Screens – Plan 
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Figure A-5  Typical Cylindrical Wedgewire Screen  
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Figure A-6  Narrow-slot Cylindrical Wedgewire Screens - Plan 
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Figure A-7  Narrow-slot Cylindrical Wedgewire Screens - Section  
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Figure A-8  Wide-slot Cylindrical Wedgewire Screens - Plan 
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Figure A-9  Coarse-mesh Barrier Net - Plan 
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The costs associated with each of the evaluated technologies are provided to inform Best 

Professional Judgement (BPJ) compliance decision making.  Order-of-magnitude installation, 

O&M and power costs associated with each fish protection alternative are presented in this 

section.   

The costs were estimated using quantities developed from the conceptual design for each of the 

alternatives and cost data from other projects that were adjusted for identifiable differences in 

project sizes and operations.  These costs allow a valid comparison of the cost difference 

between alternatives. 

The estimated costs are based on the following: 

 Present-day prices and fully contracted labor rates as of November 2007. 

 Forty-hour work-week with single-shift operation for construction activities that do not 

impact plant operations and fifty-hour workweek with double-shift operation for 

construction activities that impact plant operations. 

 Direct costs for material and labor required for construction of all project features.  The 

direct costs also include distributable costs for site non-manual supervision, temporary 

facilities, equipment rental, and support services incurred during construction.  These 

costs have been taken as 85% of the labor portion of the direct costs for each alternative. 

 Indirect costs for labor and related expenses for engineering services to prepare drawings, 

specifications, and design documents.  The indirect costs have been taken as 10% of the 

direct costs for each alternative. 

 Allowance for indeterminates to cover uncertainties in design and construction at this 

preliminary stage of study.  An allowance for indeterminates is a judgment factor that is 

added to estimated figures to complete the final cost estimate, while still allowing for 

other uncertainties in the data used in developing these estimates.  The allowance for 

indeterminates has been taken as 10% of the direct, distributable, and indirect costs of 

each alternative. 

 Contingency factor to account for possible additional costs that might develop but cannot 

be predetermined (e.g., labor difficulties, delivery delays, weather).  The contingency 

factor has been taken as 15% of the direct, distributable, indirect, and allowance for 

indeterminate costs of each concept. 

The project costs do not include the following items that should be included to obtain total 

capital cost estimates: 

 Costs to perform additional laboratory or field studies that may be required, such as 

hydraulic model studies, biological evaluations of prototype fish protection systems, soil 

sampling, and wetlands delineation and mitigation. 

 Costs to dispose of any hazardous or non-hazardous materials that may be encountered 

during excavation and dredging activities. 

 Constellation costs for administration of project contracts and for engineering and 

construction management. 

 Price escalation 

 Permitting costs 
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 Replacement power costs 

The estimated project costs for the selected fish protection options are presented in Table B-1 

through Table B-6.      

Capital costs, including lost generation during construction, for alternatives with potential to 

meet a site-specific BTA determination range from $1,194,000 to install VFDs to $23,956,000 to 

add fine-mesh modified traveling water screens with a new screenhouse for Units 3 and 4.  The 

costs to reduce impingement range from $484,000 for a barrier net to $11,021,000 for wide-slot 

cylindrical wedgewire screens.  The cost to install fine-mesh modified traveling screens in the 

existing screenbays would be similar to the cost for adding coarse-mesh screens.  The annualized 

costs associated with each of the technologies are presented in Table B-7.  To annualize the 

costs, the following assumptions were made: 

 the capital costs were annualized over 10 years;    

 a 7% discount rate was used; and   

 the cost per MWh is $70.00. 

Alden included an estimate of existing annual O&M costs to allow incremental costs to be 

calculated.  The exiting O&M costs were estimated using the same assumptions as used in 

calculating the O&M costs for the selected technologies.  Incremental costs provide a better 

estimate of the additional cost that each technology will cost the facility.   
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Table B-1  Estimated Costs for New Intake with Fine-mesh Modified Traveling Water 

Screens 

 

Item Estimated Cost 

Direct Costs  

Mobilization and Demobilization $801,000 

Cofferdam & Shoring $1,596,000 

Intake Structures  $1,443,000 

Trash Rack $195,000 

Spraywash System $208,000 

Ristroph Fine-mesh Traveling Water Screens $2,337,000 

Barges, Divers and Equipment $2,235,000 

    

Direct Costs (2007 $) $8,815,000 

    

Indirect Costs $882,000 

    

Subtotal $9,697,000 

    

Allowance for Indeterminates/Contingencies $2,424,000 

    

Total Estimated Project Costs (2007 $) $12,121,000 

  

  

  

Impacts on Plant Operation 

Item Impact 

Construction  

Duration (months) 24 

Outage (months)  1 

   

   

Incremental Annual Operation and Maintenance  

Labor, (hrs) 1,643 

Component Replacement $223,000 

Energy (kwh) 1,162,890 

Peak Power (kw) 133 
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Table B-2  Estimated Costs for Narrow-slot Cylindrical Wedgewire Screens 

 

Item Estimated Cost 

Direct Costs  

Mobilization and Demobilization $1,405,000 

Bulkhead Wall $2,897,000 

Bulkhead Deck $1,602,000 

Slide Gates $435,000 

Hoist $184,000 

Temporary Cofferdam $2,394,000 

Header Pipes $0 

Wedgewire Screens $1,729,000 

Air Burst Cleaning System $626,000 

Cranes, Barges and Equipment $4,186,000 

    

Direct Costs (2007 $) $15,458,000 

    

Indirect Costs 1,546,000 

    

Subtotal $17,004,000 

    

Allowance for Indeterminates/Contingencies 4,251,000 

    

Total Estimated Project Costs (2007 $) $21,255,000 

  

  

  

Impacts on Plant Operation 

Item Impact 

Construction  

Duration (months) 30 

Outage (months) 0 

   

   

Incremental Annual Operation and Maintenance  

Labor, (hrs) 2,160 

Component Replacement $229,000 

Energy (kwh) 95,813 

Peak Power (kw) 100 
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Table B-3  Estimated Costs for Retrofitting Variable Frequency Drives to Existing 

Circulating Water Pumps 

 

Item Estimated Cost 

Direct Costs  

Mobilization and Demobilization 78,946 

Variable Frequency Drives and Controllers 789,460 

    

Direct Costs (2007 $) $868,406 

    

Indirect Costs 86,841 

    

Subtotal $955,247 

    

Allowance for Indeterminates/Contingencies 238,812 

    

Total Estimated Project Costs (2007 $) $1,194,060 

  

  

  

Impacts on Plant Operation 

Item Impact 

Construction  

Duration (months) 1 

Outage (months) 0 

   

   

Incremental Annual Operation and Maintenance  

Labor, (hrs) no change 

Component Replacement no change 

Energy (kwh) 0 

Peak Power (kw) no change 

 

 



 

6 

Table B-4  Estimated Costs for Coarse-mesh Modified Traveling Water Screens 

 

Item Estimated Cost 

Direct Costs  

Mobilization and Demobilization $166,000 

Spraywash System $66,000 

Ristroph Coarse-mesh Traveling Water Screens $1,298,000 

Fish and Debris Return System $76,000 

Crane $223,000 

   

   

    

Direct Costs (2007 $) $1,829,000 

    

Indirect Costs $183,000 

    

Subtotal $2,012,000 

    

Allowance for Indeterminates/Contingencies $503,000 

    

Total Estimated Project Costs (2007 $) $2,515,000 

  

Impacts on Plant Operation 

Item Impact 

Construction   

Duration (months) 3 

Outage (months) 0 

   

   

Incremental Annual Operation and Maintenance  

Labor, (hrs) 1,643 

Component Replacement $130,000 

Energy (kwh) 1,045,000 

Peak Power (kw) 119 
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Table B-5  Estimated Costs for Wide-slot Cylindrical Wedgewire Screens 

 

Item Estimated Cost 

Direct Costs  

Mobilization and Demobilization $729,000 

Bulkhead Wall $2,539,000 

Bulkhead Deck $1,110,000 

Slide Gates $116,000 

Hoist $47,000 

Header pipes $0 

Wedgewire Screens $461,000 

Air Burst Cleaning System $143,000 

Cranes, Barges and Equipment $2,870,000 

    

Direct Costs (2007 $) $8,015,000 

    

Indirect Costs 802,000 

    

Subtotal $8,817,000 

    

Allowance for Indeterminates/Contingencies 2,204,000 

    

Total Estimated Project Costs (2007 $) $11,021,000 

  

  

  

Impacts on Plant Operation 

Item Impact 

Construction   

Duration (months) 24 

 Outage (months)  0 

   

   

Incremental Annual Operation and Maintenance  

Labor, (hrs) 576 

Component Replacement $60,000 

Energy (kwh) 39,000 

Peak Power (kw) 50 
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Table B-6  Estimated Costs for Coarse-mesh Barrier Net 

 

Item Estimated Cost 

Direct Costs  

Mobilization and Demobilization $32,000 

Piles $22,000 

Net $82,000 

Aerators $7,000 

Barges, Divers and Equipment $209,000 

    

Direct Costs (2007 $) $352,000 

    

Indirect Costs $35,000 

    

Subtotal $387,000 

    

Allowance for Indeterminates/Contingencies $97,000 

    

Total Estimated Project Costs (2007 $) $484,000 

  

  

Impacts on Plant Operation 

Item Impact 

Construction  

Duration (months) 2 

Outage (months) 0 

   

   

Annual Operation and Maintenance  

Labor, (hrs) 2,652 

Component Replacement $27,000 

Removing and Cleaning the Net $142,000 

Energy (kwh) 16,470  

Peak Power (kw) 4 
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Table B-7  Cost Comparison of Evaluated Alternatives 

 

Alternative 

Capital Costs Annual O&M Costs 

Total Project 

Construction 

Costs (2007$) 

Replacement 

Power During 

Construction
1
 

(MWh) 

Total Capital 

Costs 

(2007 $) 

Energy 

(2007 $)
1,2 

Labor 

(2007 $)
2
 

Component 

Replacement 

(2007 $)
2
 

IM&E 

Expand Intake with Fine-mesh 

Screens with Fish Protection 

Features 

$12,121,000 169,070 $23,956,000 $81,000 $95,000 $223,000 

Cylindrical Wedgewire Screens 

with 0.5 mm Slot Width 
$21,255,000 0 $21,255,000 $9,000 $171,000 $357,000 

Retrofit Variable Frequency 

Drives to Existing Circ. Water 

Pumps 

$1,194,000 0 $1,194,000 $3,000 $66,000 $128,000 

IM Only 

Coarse-mesh Traveling Screens 

with Fish Protection Features 
$2,515,000 0 $2,515,000 $73,000 $66,000 $130,000 

Cylindrical Wedgewire Screens 

with 9.5 mm Slot Width 
$11,021,000 0 $11,021,000 $8,000 $29,000 $188,000 

Coarse-mesh Barrier Net $484,000 0 $484,000 $4,000 $208,000 $155,000 

Existing Operations
4
 $0 0 0 $3,000 $66,000 $128,000 

1.  Assumed $70 per MWh. 

2.  Includes existing O&M where applicable 

3.  Annualized over 10 years with a 7% discount rate 

4.  Estimated by Alden 
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Table B-7 Cost Comparison of Evaluated Alternatives (Continued) 

 

Alternative 

Annualized Costs Incremental Costs 

Total Annual 

O&M 

(2007 $) 

Annualized 

Capital Costs 

(2007 $)
3
 

Total 

Annualized 

Costs 

(2007 $)
 

Incremental 

O&M 

(2007 $) 

Incremental 

Annualized 

Costs  

(2007 $) 

IM&E 

Expand Intake with Fine-mesh 

Screens with Fish Protection 

Features 

$399,000 $3,411,000  $3,810,000  $202,000  $3,613,000  

Cylindrical Wedgewire Screens with 

0.5 mm Slot Width 
$537,000 $3,026,000  $3,563,000  $340,000  $3,366,000  

Retrofit Variable Frequency Drives 

to Existing Circ. Water Pumps 
$197,000 $170,000  $367,000  $0  $170,000  

IM Only 

Coarse-mesh Traveling Screens with 

Fish Protection Features 
$269,000 $358,000  $627,000  $72,000  $430,000  

Cylindrical Wedgewire Screens with 

9.5 mm Slot Width 
$225,000 $1,569,000  $1,794,000  $28,000  $1,597,000  

Coarse-mesh Barrier Net  $367,000 $69,000  $436,000  $170,000  $239,000  

Existing Operations
4
 $197,000 $0  $197,000  $0  $0  

1.  Assumed $70 per MWh. 

2.  Includes existing O&M where applicable 

3.  Annualized over 10 years with a 7% discount rate 

4.  Estimated by Alden 
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C.1 Introduction 

The methods used to estimate a technology’s performance depend upon its mode of action.  In 

addition, the site-specific intake design, operating characteristics, and the morphological and 

physiological characteristics of the organisms involved at the CWIS will impact the efficacy of a 

technology.  The following estimates are based upon results obtained in full-scale, pilot-scale, 

and laboratory studies.  For each alternative, the available data were reviewed and a best estimate 

of potential effectiveness was derived.  In many cases, a range of effectiveness values is 

available for a given species/life stage and technology.  A difference in species-specific survival 

is indicative of the individual species’ relative hardiness.  It has been well documented that 

species such as herrings and anchovy are relatively “fragile”.  That is, they lose their mucous 

coating and scales and bruise easily, making them more susceptible to stress and mortality.   

For exclusion technologies (wedgewire screens and barrier nets), the key factor is organism size 

in relation to the mesh size or slot width.  Retention or exclusion can be estimated using the head 

capsule depth (the widest non-compressible portion of the larval body).  When head capsules are 

larger than the nominal opening size of the screening material, a larva will not be entrained.  

With larvae, the orientation of the organism at the time of contact with the screen will influence 

the likelihood of being entrained.   

For collection and transfer technologies (modified traveling screens), the effectiveness is 

measured in two ways: retention and survival.  In addition to the physical exclusion of organism, 

described above, collection and transfer technologies handle the organisms during the transfer 

process back to the source water body.  This handling may impart some additional stress to the 

organisms, injuries, scale loss, or mortality.  With fine-mesh screens, the second measurement of 

effectiveness is the survival of the eggs, larvae, and early juveniles that are currently entrained 

into the CWS through the coarse-mesh screens that would now be retained on the fine-mesh 

screens.  The survival of impinged organisms is dependent upon their biology (life stage, relative 

hardiness, etc.) and the screen operating characteristics (rotation speed, spraywash pressure, 

etc.). 

For flow reducing options a reduction in flow will result in a proportionate reduction in the 

number of organisms that are entrained.  Assuming that entrainable organisms are non-motile 

and fairly evenly distributed (spatially and temporally), the reduction in entrainment should be 

commensurate with reduction in flow.  The reduction in impingement that would be achieved is 

difficult to assess a priori.  The overall reduction in annual impingement will depend upon the 

periods during which the facility operates at reduced flow and the abundance of impingeable 

organisms present at that time. 

The following discussions describe how the efficacies of the alternative technologies were 

derived for the species and life stages that are impinged and entrained at Crane. 
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C.2 Exclusion Technologies 

C.2.1 Narrow-slot (0.5 mm) Cylindrical Wedgewire Screens 

Narrow-slot wedgewire screens act as a passive barrier and reduce the entrainment of eggs and 

larval fish into the CWIS.  The efficacy of wedgewire screens is dictated primarily by the slot 

(opening) size and the sizes of the organisms present near the screens.  In addition, the 

relationship between the though-slot velocity and ambient currents is also important.  Through-

slot velocity and ambient velocity (also referred to as channel or approach velocity) can have 

considerable effects on impingement and entrainment of fish exposed to wedgewire screens.  

Impingement and entrainment have been positively correlated with slot velocity and inversely 

related to ambient velocity (Hanson et al. 1978; Heuer and Tomljanovich 1978).  The interaction 

between these two velocity parameters also is important, with available data suggesting that the 

ratio of ambient velocity to slot velocity should be maximized for effective exclusion of aquatic 

organisms (Hanson et al. 1978).  In laboratory studies (EPRI 2003) it was demonstrated that as 

this ratio of ambient velocity to slot velocity increases, entrainment and impingement rates 

decrease.   

Body sizes of organisms entrained at Crane was used to estimate the physical exclusion of larval 

fish that could be achieved with the use of 0.5 mm wedgewire screens.  The methods used to 

calculate head capsule depths and estimate exclusion are identical to those outlined in Section 

C.3.1 below.  The estimated size of exclusion for commonly entrained species is presented in 

Table C–1.  Using length frequency distributions of the larval fish entrained at Crane, overall 

reductions in entrainment were estimated by species.  The estimated reductions in entrainment 

would be: Atlantic menhaden (100.0%), bay anchovy (98.6%), naked goby (100.0%), silverside 

(91.5%), white perch (31.6%), yellow perch (98.8%), Lepomis sp. (94.9%), and gizzard shad 

(38.8%).   

For five species (bay anchovy, naked goby, gizzard shad, temperate bass (includes white perch), 

and yellow perch) estimated entrainment reductions calculated using head capsule depths were 

compared to reductions in entrainment observed during EPRI sponsored laboratory and field 

testing (EPRI 2003, 2005, and 2006).  In general, the head capsule depth method tends to under 

estimate the performance with the smallest organisms and overestimate performance of the larger 

organisms.  However, the estimates generated during lab and field testing lumped performance 

over a range of fish lengths, making it more difficult to determine the accuracy of the head 

capsule depth based estimates. 

Impingement should be eliminated with this option for juvenile and adult fish because the design 

through-slot velocity is less than 0.5 ft/s. 

C.2.2 Wide-slot (9.5 mm) Cylindrical Wedgewire Screens 

This option would not substantially reduce the entrainment of fish eggs and larvae.  Some 

reduction may occur as a result of moving the location of water withdrawal.  As with the narrow-

slot wedgewire option above, impingement should be eliminated for juvenile and adult fish.     
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C.2.3 6.4 mm mesh Barrier Net 

The ability of barrier nets to exclude fish from CWIS depends on the fish species (their size and 

morphology), near-field hydraulic conditions, and the amount of debris present.  Barrier nets 

would not reduce the entrainment of early life stages of fish.  Barrier nets prevent the 

impingement of organisms by physically excluding organisms too large to fit through the open 

areas of the net.  In addition, low through-net velocities allow juvenile and adult fish to swim 

away from the net surface.  To estimate the size of the organisms that could be excluded by the 

6.4 mm mesh net, body length-to-body depth (BL: BD) ratios were developed for each species 

for which length and depth information were available (Smith 1985).  Body depth is the critical 

factor in excluding fish with a square-weave mesh.  The BL: BD ratios were then used to 

calculate the exclusion lengths of each species with 6.4 mm mesh.  Measurements taken from 

scale drawings were used in the absence of morphological data.   

Using the length frequency distribution of impingeable sized organisms at Crane and the body 

depth at which exclusion is predicted to occur, the overall physical exclusion of the commonly 

impinged species at Crane would be 100.0% for pumpkinseed, gizzard shad, white perch, 

blueback herring, bluegill, yellow perch, channel catfish, American eel, Atlantic silverside, 

naked goby, bay anchovy, and bluefish.  The only species that was impinged at smaller sizes 

than the predicted exclusion rate was Atlantic menhaden.  The predicted physical exclusion of 

Atlantic menhaden is 82.7%.  However, because the low through-mesh velocity, organisms that 

are small enough to fit through the mesh, may avoid the net. 

Using the technology year-round would virtually eliminate impingement, because the design 

through-slot velocity is less than 0.5 ft/s. 

C.3 Collection and Transfer Technologies 

C.3.1 Fine-mesh (9.5 mm) Modified Traveling Screens 

There have been few empirical studies to determine the length-specific size of organisms 

entraining through fine-mesh.  The majority of these studies has looked at towed, 

ichthyoplankton nets and may not well represent what would be observed at a fine-mesh 

traveling water screen.   

Given the limited dataset, the predicted retention (or exclusion) that can be achieved with a given 

mesh-size can be estimated by the body depth of an organism.  Estimates of retention of 

organisms to be retained by a given mesh size can be developed from the physical dimensions of 

the organism.  Since larval fish are soft bodied and can be compressed, the deepest non-

compressible portion of the body (head capsule) was used to predict exclusion.  Exclusion is 

species-specific because there is substantial variation in the morphometric characteristics among 

species.  Therefore, species-specific estimates were generated for several of the commonly 

entrained species at Crane.  To estimate retention, relationships between head capsule depth and 

fish length were developed for each species.  Smith et al. (1968) found that the maximum cross-

sectional diameter of the organism must be greater than the mesh diagonal if it is to be fully 
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retained.  Therefore, for a given cross-sectional diameter and associated standard deviation, the 

percentage retained and excluded is calculated by integration under a normal curve. 

Two methods were used to relate head capsule depth to body length.  Data developed for the 

Salem Generating Station on the Delaware River for Atlantic silverside, Atlantic menhaden, bay 

anchovy, naked goby, and white perch were used (PSEG 2002).  In that study, measurements 

from several preserved specimens representing all size classes were used to develop regressions 

of head capsule depth to body length.  For the other species commonly entrained at Crane, head 

capsule depths were estimated by developing regressions of body length to head capsule depth 

based on measurements gleaned from scale-drawings of specimens.  These regressions were then 

used to interpolate head capsule depths for fish of given lengths.  The estimated retention of 

several important taxa at Crane is presented in Table C–2.  These data are presented graphically 

in Figure C–1. 

The length distributions of entrained organisms were used to determine the overall retention 

estimates for each species.  The estimated reduction in entrainment with 0.5 mm screens with the 

commonly entrained species at Crane is: Atlantic menhaden (100.0%), bay anchovy (98.6%), 

naked goby (100.0%), silverside (91.5%), white perch (31.6%), yellow perch (98.8%), Lepomis 

sp. (94.9%), and gizzard shad (38.8%).   

The second measurement of effectiveness is the survival of the eggs, larvae, and early juveniles 

that would now be retained on the fine-mesh screens, which were previously entrained.  The 

survival of impinged organisms is dependent upon their biology (life stage, relative hardiness, 

etc.) and the screen operating characteristics (rotation speed, spraywash pressure, etc.). 

Survival estimates were derived from available data from other sites with modified traveling 

screens or other evaluations (e.g., laboratory and pilot-scale studies).  Data on the efficacy of 

fine-mesh screens with fish eggs and larvae are limited and estimates are often based on only a 

few data points.  In such cases, data were expanded to include other members of the same genus.  

The underlying assumption is that fish in the same genus have similar morphology and 

hardiness.  For skilletfish, there were no survival data available for any member of the same 

family, so sculpin data were used as a surrogate.  Similarly, no survival data were available for 

Atlantic silverside or other members of the same family, so bay anchovy data were used as a 

surrogate.  There were several cases that no other data within the same genus were available.  In 

such cases, the database was further expanded to include members of the same family.  Estimates 

of egg and larval survival are presented in Table C–2.  By applying the length- and species-

specific survival rates to the length distributions of the entrained organisms observed during the 

most recent entrainment sampling, the overall survival rate by species is estimated to be: Atlantic 

menhaden (47.8%), bay anchovy (1.0%), naked goby (20.6%), Atlantic silverside (1.2%), white 

perch (1.5%), yellow perch (64.6%), Lepomis sp. (82.0%), and gizzard shad (1.0%). 

For juvenile and adult fish, species-specific post-impingement survival estimates were developed 

for modified traveling water screens with several commonly impinged fish species at Crane.  

Biological estimates were derived from available data from other sites with modified traveling 

screens or other evaluations (e.g., laboratory and pilot-scale studies).  Data were gleaned from 

published papers in peer-reviewed journals and corporate-sponsored efficacy reports (gray 
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literature).  Data were limited to juvenile or adult fish.  The data were further limited to studies 

that: 1) were conducted at facilities with modified Ristroph or other screen designs with fish-

friendly modifications, 2) were conducted at facilities with the more sophisticated bucket designs 

developed in the 1980s, and 3) held organisms for at least 24 hours post-impingement to assess 

the latent survival rate.  

Post-impingement survival of juvenile and adult fish from fine-mesh screens is assumed to be 

similar to what has been observed with other modified screen designs (regardless of mesh-size).  

That is, survival of a 45 mm juvenile from a fine-mesh screen should not be different than 

survival from a coarse-mesh screen.  Estimates of juvenile and adult post-impingement survival 

are presented in Table C–3.   

There is limited data on the post-impingement survival of the larval fish with the species 

typically entrained at Crane.  Since these estimates are generated from facilities with a wide 

range of operating conditions, there is substantial uncertainty on the performance that could be 

achieved at Crane with fine-mesh screens.   

C.3.2 Coarse-mesh (9.5 mm) Modified Traveling Screens 

This option would not reduce entrainment.  The post-impingement survival estimates for juvenile 

and adult fish would be the same at those generated in the fine-mesh modified screen option 

above and shown in Table C–3. 

C.4 Flow Reduction Options 

C.4.1 Reduce Project Flow (Change in Facility Operation or Use of Variable 

Frequency Drives) 

Reductions in impingeable and entrainable organisms were assumed to be commensurate with 

reductions in flow.  The reduction in impingement that would be achieved is difficult to assess a 

priori.  During periods with reduced flow, the through-screen velocity would be reduced to 0.5 

ft/s or less; virtually eliminating impingement (i.e., to a level commensurate with closed-cycle 

cooling (~95%)).  The overall reduction in annual impingement will depend upon the periods 

during which the facility operates at reduced flow and the abundance of impingeable organisms 

present at that time.  Reduction in flow will also result in a reduction in entrainment.  Annual 

reductions in entrainment will depend upon the spatial and temporal distribution of organisms in 

the water body and the periods during which flow is reduced.  Further reduction in entrainment 

of later larval stages and early juvenile fish, which may possess the motility to avoid 

involvement with the intake, could be achieved as a result of decreased velocities during periods 

of flow reduction.  For the purposes of this efficacy estimate, a 40% reduction in entrainment 

was used.  To be used effectively, pumps with VFDs should not be operated below 60% of their 

rated capacity.  This limits the percent entrainment reduction to a maximum of 40% (should the 

VFD be used continuously).  
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Table C–1  Predicted percent exclusion that could be achieved with 0.5 mm narrow-slot 

wedgewire screens with the commonly entrained species at Crane based on head capsule 

depth.  Predicted estimates are compared to observed reductions in entrainment observed 

during field and laboratory testing of wedgewire screens (EPRI 2003, 2005, and 2006). 

Atlantic Menhaden

Eggs 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Exclusion Predicted 100

Exclusion Observed ND

Bay Anchovy

Eggs 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Exclusion Predicted 81 6.9 40 76 93 98

Exclusion Observed 87

Naked Goby

Eggs 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Exclusion Predicted 35 0 9 98

Exclusion Observed ND 86

Silverside (Atherinopsidae)

Eggs 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Exclusion Predicted 100 0 25 91

Exclusion Observed ND

White Perch

Eggs 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Exclusion Predicted 80 3 71 99

Exclusion Observed ND

Yellow Perch

Eggs 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Exclusion Predicted 100

Exclusion Observed ND

Lepomis sp. (sunfish)

Eggs 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Exclusion Predicted 100 0 6 91

Exclusion Observed ND

Gizzard Shad

Eggs 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Exclusion Predicted 85 19 33 45 56 65 72 92

Exclusion Observed 85 0

Length (mm)

100

Length (mm)

100

Length (mm)

100

Length (mm)

0 100

No Data Available

100

Length (mm)

100

99

Length (mm)

100

Length (mm)

100

99No Data Available

35 98 No Data Available

80 94 100

70 87

No Data Available

No Data Available

68 No Data Available

No Data Available

Length (mm)
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Table C–2  Predicted percent impingement survival and exclusion of commonly impinged fish at Crane with the use of 0.5 mm 

traveling water screens.  Larval life stages are designated as: yolk-sac larvae = YSL and post-yolk-sac larvae = PYSL. 

Atlantic Menhaden

Eggs 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

Survival 26

Exclusion 100

Lifestage

Bay Anchovy

Eggs 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

Survival 26

Exclusion 81 6.9 40 76 93 98

Lifestage

Naked Goby

Eggs 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

Survival 74

Exclusion 35 0 9 98

Lifestage YSL

Silverside (Atherinopsidae)

Eggs 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

Survival 74

Exclusion 100 0 25 91

Lifestage Juvenile

100

Length (mm)

3 See Coarse-mesh Ristroph0

Length (mm)

See Juvenile and Adult Table

YSL PYSL

No data available - see Bay Anchovy

100

100

0 100

See Coarse-mesh Ristroph

YSL PYSL Juvenile

Length (mm)

See Juvenile and Adult Table

1

8

Length (mm)

YSL PYSL Juvenile

PYSL Juvenile
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Table C–2 Continued 

White Perch

Eggs 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

Survival 74

Exclusion 80 3 71 99

Lifestage

Yellow Perch

Eggs 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

Survival 74

Exclusion 100

Lifestage

Lepomis sp. (sunfish)

Eggs 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

Survival 74

Exclusion 100 0 6 91

Lifestage

Gizzard Shad

Eggs 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

Survival 26

Exclusion 85 2 13 31 51 68 80 87 92 95 97 98 99 99

Lifestage

82 See Juvenile and Adult Table

Length (mm)

0 2 See Juvenile and Adult Table

100

95 41 See Juvenile and Adult Table

YSL PYSL Juvenile

Length (mm)

YSL PYSL JUV

YSL PYSL Juvenile

100

1 See Juvenile and Adult Table

100

Length (mm)

YSL PYSL Juvenile Adult

100

Length (mm)
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Table C–3  Estimated post-impingement survival (weighted mean), number of organisms 

(N) used to estimate post-impingement survival, the range in reported survival, and the 

95% confidence interval surrounding the weighted mean. 

Common Name Surrogate N Range 
Weighted 

Mean 

95% Confidence 

Interval 

Lower Upper 

Atlantic menhaden Not used 123 0.0 - 75.5 50.4 41.1 59.6 

pumpkinseed Not used 632 54.0 - 100.0 91.6 89.4 93.9 

gizzard shad Not used 8,828 0.0 - 100.0 51.6 50.5 52.6 

white perch Not used 20,904 6.0 - 100.0 61.6 60.9 62.2 

blueback herring Not used 39,651 0.2 - 95.7 6.5 6.2 6.7 

bluegill Not used 1,376 95.4 - 100.0 97.8 96.9 98.6 

blue crab Not used 337 91.6 - 97.7 95.9 93.5 98.1 

yellow perch Not used 718 93.0 - 100.0 98.6 97.7 99.5 

channel catfish Ictalurus spp. 2,247 0.0 - 100.0 81.4 79.7 83.0 

American eel Not used 223 72.0 - 100.0 82.5 77.3 87.7 

Atlantic silverside Atherinopsidae 965 97.8 - 100.0 98.2 97.4 99.1 

naked goby Gobiidae 44 0.0 - 100.0 93.2 84.6 101.8 

bay anchovy Not used 9,975 0.0 - 78.0 21.7 20.8 22.5 

bluefish Not used 12 25.0 - 50.0 33.3 2.4 64.1 
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Figure C–1  Probability of larval entrainment through a 0.5 mm mesh by species.  

Estimates based on head capsule depth calculations. 
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