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EXECUTIVE SUMMARY 

 
This document provides §316(b) information to the Maryland Department of Environment  
(MDE) to inform Best Professional Judgment (BPJ) decision-making for Mirant’s Dickerson 
Generating Station (Dickerson).  As MDE is aware, U.S. Environmental Protection Agency’s 
(EPA) §316(b) Phase II Rule (Rule) for existing electric generating facilities has been withdrawn 
as a result of the Second Circuit Court Decision.  That decision remanded substantial portions of 
the rule to EPA.  The EPA issued a notice in the Federal Register on July 9, 2007 stating that 
until a revised rule for existing facilities is in place, §316(b) requirements should be issued by 
permit writers on a BPJ basis.   

Dickerson withdraws condenser cooling water from a free flowing, freshwater portion of the 
Potomac River, located in Montgomery County near Dickerson, Maryland.  Dickerson has three 
units that use once-through cooling and the facility has a maximum design flow of 407.3 MGD.   

Mirant conducted a recent entrainment study in 2005 and an impingement study from April 2005 
to June 2006.  Current annual entrainment is estimated to be 13.3 million fish eggs and larvae 
and impingement is estimated to be 658 fish annually based on actual flow.  Both impingement 
and entrainment were substantially lower than estimates from prior studies at 99.7% less for 
impingement and 72% less for entrainment.  There was no change in Dickerson operations 
between the two studies and a variety of potential factors were identified to account for the 
change including natural variability, change in habitat (abundance of Submerged Aquatic 
Vegetation (SAV) during current study), turbidity and differences in sampling methods. 
 
Impingement and entrainment results were analyzed in conformance with Maryland’s cooling 
water intake structure regulations.  Based on current entrainment estimates, potential for 
entrainment survival, projected equivalent adult losses for channel catfish (a dominant entrained 
species) and regional population loss estimates indicate there is no biologically significant 
impact to a spawning or nursery area of consequence for entrained species.  The economic 
impingement estimate based on current annual impingement loss estimates was computed and 
determined to be less than $1,000/yr over a 5 year period.  Since this is substantially less than the 
prior value which did not require intake modifications, no change in Dickerson’s impingement 
compliance determination appears warranted. 

The Supreme Court is reviewing the Second Circuit Decision on the extent to which compliance 
costs can be considered relative to the expected benefits.  The results of the review are expected 
in the first part of 2009.  Concurrently EPA is proceeding to develop a revised §316(b) Phase II 
proposed rule which is also expected to be issued at the beginning of 2009.  The outcome of 
these two actions creates significant uncertainty and will impact the outcome of the future 
determination on best technology available (BTA) for cooling water intake structures.   
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Mirant, however, has proceeded with an evaluation of potential intake technologies to reduce 
impingement and entrainment at Dickerson to ensure timely compliance when the revised federal 
Phase II Rule is issued.  A number of potential options have been identified for reducing both 
entrainment and impingement.  Conceptual cost estimates for entrainment reduction vary from a 
capital cost of $158 million for a closed-cycle cooling retrofit to just under $10 million for 
narrow-slot wedgewire intake screens.  Further, depending on the technology there is a range in 
expected performance and/or uncertainty regarding engineering feasibility.  Mirant is continuing 
to monitor development of alternative fish protection technologies and operational measures 
through participation in EPRI’s Fish Protection Research Program.  These actions will allow 
Mirant to comply with a revised federal Phase II Rule and/or any revised MDE §316(b) 
regulations in a timely manner.   

For these reasons Mirant believes that under BPJ, Dickerson’s current cooling water intake 
structure is BTA and any requirement for additional fish protection controls should be deferred 
until after the final revised Phase II Federal Rule is issued. 
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1  
INTRODUCTION 

The information provided in this report is submitted to inform §316(b) BPJ decision-making for 
Mirant’s Dickerson Generating Station (Dickerson).  This introduction provides background 
relative to: 

 the §316(b) Phase II Rule; 

 the Second Circuit Court Decision remanding the Rule back to EPA; 

 EPA’s response to the Court Decision; 

 Supreme Court review of the Second Circuit Decision; 

 Mirant ’s §316(b) compliance; 

 MDE BPJ determination; and,  

 document organization. 

1.1 The Withdrawn Phase II Rule Regulatory Requirements 

 
EPA signed into regulation new requirements for existing electric power generating facilities for 
compliance with Section 316(b) of the Clean Water Act on July 9, 2004.  Since this rule was 
later withdrawn it is referred to here as the Withdrawn Rule.  These regulations became effective 
on September 7, 2004 and were based on numeric performance standards1.  The Withdrawn Rule 
at 125.94(a) (1-5) provided facilities with compliance flexibility by incorporating five 
compliance alternatives as follows: 
 

1. A facility can demonstrate it has or will reduce cooling water flow commensurate with 
wet closed-cycle cooling and be determined to be in compliance with all applicable 
performance standards.  A facility can also demonstrate it has or will reduce the 
maximum design through-screen velocity to less than 0.5 ft/s in which case it is deemed in 
compliance with the impingement mortality (IM) performance standard (the entrainment 
standard still applies). 

2. A facility can demonstrate that it has in place technologies and/or operational measures 
and/or restoration measures in place that will meet the applicable performance 
standards. 

                                                           
1 Performance standards are found at 125.94(b) 
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3. A facility can propose to install new technologies and/or operational measures and/or 
restoration measures to meet applicable performance standards.  

4. A facility can propose to install, operate and maintain an approved design and 
construction technology. 

5. A facility can request a site-specific determination of BTA by demonstrating that either 
the cost of installing technologies and/or operational measures and/or restoration 
measures are significantly greater than the cost for the facility listed in Appendix A of the 
rule or that the cost is significantly greater than the benefits of complying with the 
applicable performance standards. 

 
All facilities that selected compliance alternatives 2, 3 and 4 were required to demonstrate a 
minimum reduction in impingement mortality (IM) of 80% (125.94(b)(1)).  Facilities with a 
capacity factor that is greater than 15% that are located on oceans, estuaries or the Great Lakes or 
on rivers and have a design intake flow that exceeds more than 5% of the mean annual flow were 
also required to reduce entrainment by a minimum of 60% (125.94(b)(2)).   
 
The Withdrawn Rule further required that facilities selecting compliance alternatives 2, 3, and 5 
prepare a Comprehensive Demonstration Study (CDS) as described at 125.95(b).  There were 
seven components of the CDS: 1) Proposal for Information Collection (PIC); 2) Source 
Waterbody Information (if facility is on a river or reservoir); 3) Impingement Mortality and 
Entrainment Characterization Study (IM&E Study); 4) Design and Construction Technology 
Plan and Technology Installation and Operation Plan; 5) Restoration Plan; 6) Information to 
support a site-specific BTA determination; and 7) Verification Monitoring Plan.  Facilities that 
qualified for compliance alternative 1 were not required to submit a CDS and those using 
compliance alternative 4 were only required to submit the Technology Installation and Operation 
Plan (TIOP) and Verification Monitoring Plan.  All facilities that used compliance alternatives 2, 
3 and 5 were required to prepare and submit components 1, 2, 3, and 7, but depending on the 
compliance alternative(s) selected would submit either of the following three components 4) 
Design and Construction Technology Plan and Technology Installation and Operation Plan, 5) 
Restoration Plan or 6) information to support a site-specific BTA determination.  Only one or 
any combination of these components might be required depending on which one (or more) of 
the three alternatives was selected for compliance.  The first CDS document required for 
submittal was the PIC.  The Withdrawn Rule at 125.95(b)(1) required that the PIC include: 
   

1. A description of the proposed and/or implemented technologies, operational measures, 
and/or restoration measures to be evaluated in the Study. 

2. A list and description of any historical studies characterizing impingement mortality and 
entrainment (IM&E) and/or the physical and biological conditions in the vicinity of the 
cooling water intake structures (CWIS) and their relevance to this proposed Study.  If you 
propose to use existing data, you must demonstrate the extent to which the data are 
representative of current conditions and that the data were collected using appropriate 
quality assurance/quality control procedures. 

3. A summary of any past or ongoing consultations with appropriate Federal, State, and 
Tribal fish and wildlife agencies that are relevant to this Study and a copy of written 
comments received as a result of each consultation. 
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4. A sampling plan for any new studies you plan to conduct in order to ensure that you have 
sufficient data to develop a scientifically valid estimate of IM&E at your site.  The 
sampling plan must document all methods and quality assurance/quality control 
procedures for sampling and data analysis.  The sampling and data analysis methods you 
propose must be appropriate for a quantitative survey and include consideration of the 
methods used in other studies performed in the source waterbody.  The sampling plan 
must include a description of the study area (including the area of influence of the 
CWIS(s)), and provide a taxonomic identification of the sampled or evaluated biological 
assemblages (including all life stages of fish and shellfish).   

 

1.2 Second Circuit Court Decision 

Shortly after the final Rule was issued, a number of northeastern states and stakeholders 
(including environmental organizations and industry) filed lawsuits on various aspects of the new 
§316(b) regulations.  The Second Circuit Court of Appeals issued its §316(b) Phase II Rule 
decision (Decision) on January 27th 2007.  The Decision remanded significant portions of the 
Phase II Rule back to EPA.  The Court determined that use of restoration measures and the Cost-
Benefit Test could not be used as compliance options.  Two Rule provisions, the Cost-Cost Test 
and the Technology Installation and Operation Plan (TIOP) were remanded back to EPA for 
failure to provide adequate opportunity for public review and comment.  Perhaps most 
importantly, the Court remanded to EPA the determination of BTA.  Relative to BTA, the Court 
raised a number of issues that EPA will have to address in the promulgation of a revised Phase II 
Rule that include: 

 Closed-cycle Cooling as BTA – The Court said that EPA may have based its 
determination that closed-cycle cooling was not BTA for existing facilities at least 
in part on the cost of the technology relative to the environmental benefits.  The 
Court pointed out that consideration of the environmental benefits is not allowed.  
The Court remanded this determination back to EPA for clarification.  The Court 
clarified that EPA could consider factors that included industries’ ability to bear 
the cost, impacts to energy production and supply and adverse impacts associated 
with retrofits in making this determination. 

 Use of “Best Performing” Technology – The Court upheld EPA’s use of 
performance standard ranges.  However, the Court determined that facilities must 
use the “best performing” technology in the performance standard range rather 
than the most cost-effective technology. 

 Consideration of Cost – The Court ruled that EPA could consider the cost of 
technologies to a limited extent in the BTA determination.  The first issue is 
whether or not facilities can bear the cost of the technology.  The second was 
limited to the use of cost-effectiveness.  On this point the Court ruled that if there 
was an overlap in the expected environmental performance ranges of two best 
performing technologies, the facility could select the most cost-effective option 
rather than the one that had the potential for higher performance. 

1-10 



 

1.3 EPA Withdrawal of the §316(b) Phase II Rule 

In response to the Decision, EPA issued a memorandum to EPA’s Regional Offices dated March 
20, 2007 announcing withdrawal of the §316(b) Phase II Rule.  This was followed by a notice in 
the Federal Register on July 9, 2007.  Specifically, the memorandum and Federal Register notice 
stated the withdrawal of the Rule was a result of the Decision’s impact on the overall compliance 
approach.  EPA determined that so many of the Rule’s provisions were affected by the Decision 
that the overall Phase II approach was no longer workable for compliance.  The memorandum 
and Federal Register notice further directed EPA Regional Offices and delegated states to 
implement §316(b) in NPDES permits on a BPJ basis until the Decision issues are resolved.  
EPA is currently considering alternatives for responding to the Decision and is engaged in 
making revisions to the Rule (EPA personal communication with EPRI). 
 

1.4 Supreme Court Review of Second Circuit Decision 

The Utility Water Act Group (UWAG), Entergy Corporation, and Public Service Electric and 
Gas Company each filed a timely petition for Certiorari with the Supreme Court for review of the 
Decision.  The Supreme Court has determined that it will not review the Decision regarding use 
of restoration measures; however, it will review the Decision regarding consideration of 
compliance costs relative to the environmental benefits.  A briefing schedule has been set; oral 
arguments are expected to take place in December of 2008 and the Court’s ruling is expected in 
the first half of 2009.  It is unlikely that the Supreme Court would have selected this case for 
review unless it believed that some level of consideration of benefits relative to cost should be 
allowed. 

1.5 Mirant’s Compliance with the Withdrawn Rule 

Mirant has worked to comply with Maryland and Federal §316(b) Phase II regulatory 
requirements.  The initial Proposal for Information Collection (PIC) for Dickerson was submitted 
to MDE in an email dated 9/13/2007.  However, a meeting was held with MDE and the 
Maryland Department of Natural Resources Power Plant Research Program (PPRP) prior to 
initiating the April 2005 impingement and entrainment studies.  This provided MDE and PPRP 
the opportunity to review and comment on the study design prior to initiating the studies.   The 
PIC was submitted after the Rule was remanded and the original study design analytical 
approach was revised based on the Rule’s remand.  The one year impingement and entrainment 
study has now been completed.       

Mirant’s impingement study was designed in conformance with requirements found at 
§125.95(b)(1)(3) and the field study was conducted in conformance with the study plan.  
However, the analysis of results has been modified for use to inform BPJ decision making since 
the Phase II Rule requirements are no longer applicable. 

1.6 MDE BPJ §316(b) Compliance 

Unlike many states, Maryland did adopt implementing regulations for compliance with §316(b) 
of the Clean Water Act.  These regulations are specified in COMAR 26.08.03.05.  The 
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regulations for impingement require that design and operational modifications to mitigate losses 
shall not exceed five times the estimated value of impingement based on calculations specified at 
COMAR 26.08.03.05.D(1).  For entrainment there must be no significant (i.e. measurable effect 
beyond the mixing zone) adverse environmental impact on a spawning or nursery area of 
consequence (SNAC).  Prior to the Phase II Rule MDE (based on information submitted by the 
Potomac Electric Power Company for Dickerson and reviewed by the Maryland Department of 
Natural Resources Power Plant Research Program (PPRP)) determined that Dickerson was in 
compliance with Maryland’s regulations.  With the Phase II Rule remanded, a review of 
compliance with Maryland’s §316(b) regulations based on new current impingement and 
entrainment studies is provided to inform whether a change in the prior determination is 
warranted.  Mirant is also providing an assessment of potential fish protection technologies and 
operational measures that may be used for compliance once a revised federal §316(b) Rule has 
been issued.   

1.7 Best Professional judgment Information Submittal Organization 

Section 2 of this document provides a description of Dickerson.  The results of the impingement 
and entrainment study and AEI assessment are provided in Section 3 and Attachment A.  Section 
4 and Attachment B provide information on potential fish protection technologies and 
operational measures for use at Dickerson and Section 5 provides a discussion of considerations 
for MDE in making its §316(b) BPJ compliance determination for Dickerson. 
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2 FACILITY DESCRIPTION  

The facility description below was previously provided in the Dickerson PIC but is also provided 
here for easy reference as it provides information on the source waterbody, cooling water intake 
structure (CWIS) and cooling water system.  

2.1 General Description 

 
Dickerson is located in Montgomery County Maryland adjacent to the Potomac River 
approximately 1 mile downstream of the confluence of the Monocacy River and the Potomac 
River (Figure 2.1 and 2.2).  The facility consists of 6 generating units.  Units 1, 2 and 3 are once 
through cooling (OTC) units while the other three Units are combustion turbines (CTs).  Units 1, 
2 and 3 are rated at 191 MW each, while the three combustion turbines generate a total of 347 
MW in the summer and 307 MW in the winter for a total facility generating capacity of 880 MW 
in summer and 920 MW in the winter.  The OTC Units, Units 1, 2 and 3, became operational in 
1959, 1960 and 1962 respectively. 

The OTC Units are all considered baseloaded and capacity utilization for these Units for the 
period 2002-2006 is shown in Table 2.1.  Capacity utilization has ranged from 53.9 in 2003 to 
69.8 in 2005 with an annual average over this period of 64.1 for the OTC Units.  Under the 
existing NPDES permit Dickerson has the flexibility to operate at design flow.  

Table 2.1 – Capacity Factors for Dickerson’s Once Through Cooling Units 

 
Year Unit 1 

Capacity 
Utilization 

(%) 

Unit 2 
Capacity 

Utilization 
(%) 

Unit 3 
Capacity 

Utilization 
(%) 

Facility 
Average 
Capacity 

Utilization 
(%) 

2002 57.6 61.6 71.3 63.5 

2003 54.0 49.0 58.7 53.9 
2004 68.7 69.9 68.8 69.1 
2005 63.2 73.5 72.8 69.8 
2006 64.0 54.7 73.5 64.1 

Facility Average 61.5 61.74 69.02 64.08 
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Figure 2.1 -  Location of Mirant’s Dickerson Generating Station 
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Figure 2.2 - Aerial photograph of Dickerson showing the location of the cooling water 
intake structures  

 

2.2 Cooling Water Intake Structure Description 

 
Units 1, 2 and 3 withdraw their cooling water from a single cooling water intake structure 
(CWIS) that is located adjacent to and on the east side of the Potomac River (Figure 2).  The 
most unusual feature of this intake is the height, which is over 100 ft.  The height is at least 
partially due to the need to protect equipment in the intake structure from periodic flooding.     
 
Each of the three OTC units has its own set of trash racks, traveling screens and condenser 
cooling water pumps.  The Unit 1 intake bay is most upstream, followed by the Unit 2 and 3 
intake bays.  However there is also an intake bay for the three Dickerson service water pumps 
between Unit 2 and Unit 3.  The trash racks are designed to prevent large debris and ice floating 
down the river from entering the CWIS and damaging the traveling screens.  Upstream of the 
trash racks are motor driven trash rakes; one for each unit and one for the service water pumps.  
The trash rakes are used to remove debris that collects on the racks.  Downstream of the trash 
racks are eight traveling screens.  There are two screens for each unit and two additional screens 
for the service water pumps.  Each traveling screen for Units 1, 2 and 3 is made up of panels that 
are 10 ft wide and 2 ft 11 in high.  Panels for the service water screens are smaller and are only 5 
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ft wide and 2 ft high.  Units 1, 2 and 3 screens and service water screens are 75 ft high on center. 
 
Pump and Screen Operations: 
 
Screen Wash Pumps - The screen wash pumps consist of three pumps rated at 1,200 gpm each.  
Normally only two pumps are in operation at one time with the other serving as a backup pump.  
Since these pumps draw their suction from the cooling water pumps there is no net increase in 
flow as a result of these pumps.  These pumps are used to provide 60 psi of spraywash to remove 
leaves and other debris trapped on the screens as well as any impinged fish.  Normally the 
screens are rotated twice per each 12 hour shift and are designed to automatically begin 
operation if a high-pressure differential occurs as a result of screen blockage.  In October and 
November the screens generally are operated continuously due to leaf accumulation and during 
March and April due to debris accumulation as a result of high water.  The spraywash water goes 
into a screenwash trough that returns fish and debris to the Potomac via the discharge canal.  The 
trough is located at the top of the CWIS and any debris and impinged fish are dropped 55 ft to 
ground level and then travel in a metal trough for a distance of 575 ft and enter the discharge 
canal some 900 ft prior to the discharge canal entry into the Potomac River. 
 
Primary Condenser Cooling Water Pumps - After passing through the traveling screens the river 
water flows to the condenser cooling water and service water pumps.  Each Unit is equipped 
with two 47,500 gpm condenser cooling water pumps.  However, these pumps can also be 
operated at a low speed of 26,500 gpm per pump.  The normal seasonal operation is to run all 
pumps at high speed from May through November.  From December through April the Units 
operate with one pump on high speed and one pump on low speed. During extreme icing 
conditions, usually in January and February, the Units operate with both pumps at low speed. 
The primary purpose of the low speed operation is to prevent damage from large pieces of ice 
hitting the CWIS.  Pump operation in March and April is contingent on icing conditions and 
river water temperature. 
 
Service Water Pumps – There are three service water pumps that provide water to Dickerson for 
a variety of purposes such as wash water, firefighting, etc.  Each of these pumps is rated at 5,500 
gpm.  Normally all three pumps are in operation from March through December while only two 
pumps are operated in January and February. 
 
Based on two pumps per Unit each Unit’s design flow is 95,000 gpm and design flow for all 
three units is 285,000 gpm.  When service water pumps are included the total design flow for 
Dickerson is 301,500 gpm for the facility.   
 

2.3 Existing Hydraulic Conditions 

Velocities within each intake were calculated using the design low water elevation and the 
maximum design intake flow (671.7 cfs).  The average velocity approaching the bar racks is 0.8 
ft/sec.  The average velocity approaching the traveling water screens is 0.9 ft/sec.  The velocity 
approaching the service water trash racks and screens is about 0.3 ft/sec.  When the circulating 
water pumps are operated at low speed, the velocity approaching the trash racks is 0.4 ft/sec and 
0.5 ft/sec approaching the traveling water screens.  The through-screen velocity at the traveling 
water screens is estimated to be almost twice the screen approach velocity. 
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2.4 Applicable Performance Standards 

For facilities located on free flowing rivers, such as Dickerson, the entrainment performance 
standard was only applicable if the facility design flow exceeded more than 5% of the river’s 
mean annual flow (based on 10 years of data).  Based on design flow and the ten year annual 
flow data calculated in 2004, Dickerson was determined to use more than 5% of the mean annual 
flow.  Since Dickerson’s capacity utilization exceeded 15% it was subject to both the 
impingement mortality and entrainment reduction performance standards.  Since EPA has 
withdrawn the Rule in its entirety, the 5% flow criterion is not applicable under BPJ.  Under 
Maryland’s §316(b) State regulatory program Dickerson was subject to both impingement and 
entrainment regulations during MDE’s prior compliance determination.  Therefore Mirant 
considers both impingement and entrainment as applicable under BPJ.  
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3 IMPINGEMENT AND ENTRAINMENT STUDY 

In compliance with the Withdrawn Rule, a PIC was submitted to MDE in September 2007.  
Mirant had previously met with MDE to discuss plans for conducting new impingement and 
entrainment studies prior to initiating those studies in 2005.  The Dickerson impingement and 
entrainment studies were designed in conformance with the Withdrawn Rule’s requirements 
discussed at 3.1 below.  However, after those studies were completed the Rule was remanded 
and the PIC proposed an analytical approach appropriate for use under BPJ and analytical 
methods were modified from those discussed with MDE prior to the study for use under BPJ.   

The field and analytical study methods are discussed at 3.2 below.  Section 3.3 provides a 
summary of impingement and entrainment study results and Section 3.4 provides a discussion of 
those results to inform MDE’s BPJ compliance decision making.   The information provided in 
this section is summary in nature and a detailed report on this information is provided as 
Attachment A.   

3.1 Entrainment and Impingement Mortality Characterization Study 
Regulatory Requirements in Withdrawn Rule  

The requirements for the Impingement Mortality Characterization and Entrainment Study on 
which Dickerson’s study was based were specified in Section §125.95(b)(3) of the Withdrawn 
Rule.   
 
The purpose of this information is to characterize current impingement mortality and 
entrainment. The study was required to provide the following information:  

(i) Taxonomic identifications of all life stages of fish, shellfish, and any species 
protected under Federal, State, or Tribal Law (including threatened or 
endangered species) that are in the vicinity of the cooling water intake 
structure(s) and are susceptible to impingement and entrainment; 

(ii) A characterization of all life stages of fish, shellfish, and any species protected 
under Federal, State, or Tribal Law (including threatened or endangered species) 
identified pursuant to paragraph (b)(3)(i) of this section, including a description 
of the abundance and temporal and spatial characteristics in the vicinity of the 
cooling water intake structure(s), based on sufficient data to characterize annual, 
seasonal, and diel variations in impingement mortality and entrainment (e.g., 
related to climate and weather differences, spawning, feeding and water column 
migration). These may include historical data that are representative of the 
current operation of your facility and of biological conditions at the site and 

(iii) Documentation of the current impingement mortality and entrainment of all life 
stages of fish, shellfish, and any species protected under Federal, State, or Tribal 
Law (including threatened or endangered species) identified pursuant to 
paragraph (b)(3)(i) of this section and an estimate of impingement mortality and 
entrainment to be used as the calculation baseline. The documentation may 
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include historical data that are representative of the current operation of your 
facility and of biological conditions at the site. Impingement mortality and 
entrainment samples to support the calculations required in paragraphs 
(b)(4)(i)(C) and (b)(5)(iii) of this section must be collected during periods of 
representative operational flows for the cooling water intake structure and the 
flows associated with the samples must be documented.  

3.2 Study Overview 

Mirant conducted impingement mortality and entrainment studies in conformance with the 
requirements of the Withdrawn Rule described in Section 3.1.   

Field work for the entrainment study was conducted from April 2005 to July 2006 by Morgan 
State University.  The sampling methods used in the study were comparable to those used in the 
1978 316(b) demonstration study by the Academy of Natural Sciences of Philadelphia (ANSP 
1979).   However, the combination of reduced sampling intensity in the recent study and 
apparent lower numbers of entrainable fish, resulted in collection of far fewer fish than in the 
1978 study.  Therefore the data from both 1978 and 2005 entrainment studies were combined in 
a joint analysis. 
 
The impingement sampling was conducted by Morgan State University from April 2005 to July 
2006.  While there was also an apparent decrease in impingement numbers in 2005 compared to 
impingement numbers for historic studies in 1976-1977 and 1978, the overall seasonal pattern in 
impingement was relatively consistent between years and it was considered useful to conduct a 
fresh analysis of impingement for the historic and recent studies. 
 
The historic studies included characterization of fish populations in the ambient water body and 
on latent entrainment mortality which is helpful for evaluating the biological effects of 
entrainment and impingement at Dickerson.   A description of the methods and results of historic 
studies are included here and in more detail in Attachment A. 

3.2.1 Entrainment Study Methods 

The sampling methods in 2005 were intended to be comparable with the methods used in the 
1978 entrainment study (ANSP 1979) conducted at Dickerson.  The entrainment and river 
ichthyoplankton sampling were all done from a boat.  The entrainment samples were collected in 
the river at Dickerson’s discharge.  In the 1978 study, these samples were part of a larger set of 
ichthyoplankton samples collected from the river which included one transect just up river of the 
station intake (See Attachment A, Figure 2-1). 
 
Field Methods 
 
All sampling in 1978 and 2005 was done with a 0.5-meter diameter plankton net with 500-
micron mesh, mounted on a stainless steel funnel with an effective mouth opening of 0.43-meter 
diameter.  Sample volume was estimated with a flow meter mounted in the mouth of the net.  
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In 1978, sampling along a river wide sampling transect was done immediately before sampling at 
the plant discharge.  In 2005, sampling was done only at the discharge.  In 1978, samples were 
collected every 33.3 hours from April 23 to July 6, and every 66.6 hours from July 6 to August 
20, when spawning was less intense.  In 2005, sampling was conducted every other week from 
April 12 to August 1, except during the period from May 9 to June 20, when samples were 
collected weekly.  Two samples were collected during each sampling week; i.e., one sample was 
collected during the day and the other at night. The main difference between the two years was 
that sampling during the period of highest entrainment rates was five samples per week in 1978 
and two samples per week in 2005 (counting day and night samples separately in each case). 
 
Laboratory Methods 
 
In 1978, both field sampling and laboratory work was done by ANSP.  In 2005, the samples were 
picked at Morgan State University and then sent to ANSP for further processing.  Laboratory 
methods were essentially the same in both studies except as noted.   
 
Species were identified to the lowest practical level with the aid of standard references such as 
Lipson and Moran (1974).  For developmental category, the classification method of Snyder 
(1976) was used.  There was also a protolarvae with yolksac category.  For the 2005 study, the 
total length of larvae was measured to the nearest 0.1 mm. 
 

3.2.2 Impingement Study Methods 

 
The impingement sampling methods in the 2005-2006 study were intended to be comparable to 
the 1978 impingement study methods (ANSP 1979).  Methods for both studies are described 
below.  The 1978 study included concurrent fish trap sampling designed to characterize river fish 
populations potentially subject to impingement and these methods are described as well. 
 
 
Impingement Sampling Methods 
 
In 2005 - 2006, nets customized to fit in the screen wash sluiceway were constructed.  The mesh 
was 0.25-inch square mesh; i.e., smaller than the 3/8 inch mesh of the intake traveling screens.  
 
For the 2005-2006 study, the samples were scheduled every other week from April 12, 2005 to 
June 6, 2006.  This sampling was conducted for just over one year to include a full continuous 
late winter/spring period.  This period corresponds to the time when impingement was relatively 
high in the previous study.  There were a total of 30 sampling dates.  During the period when 
leaves or other debris clogged the screens, the screens were rotated continuously.  This occurred 
on 9 sampling dates between October 23, 2005 and January 19, 2006 and again on April 9, 2006.  
On the sampling days during the remainder of the year, the screens were rotated in the morning, 
and then sampled after 12 hours and again after 24 hours.  
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In 1978, sampling was also conducted every other week from January 31 to December 20.  Each 
sample was comprised of eight 1-hour continuous collections every 3 hours for a period of 24 
hours. 
 
Fish Trap Sampling Methods 
 
In 1978 fish trap sampling was conducted concurrently with the impingement sampling to 
determine the relative abundance, distribution and movement of fish, in the general vicinity of 
Dickerson and in the immediate area of the intake structure.  A total of 63 fish traps were 
deployed along river transects near the intake and immediately in front of the intake.  The latter 
were set at the surface middle and bottom depths.  Traps were deployed for 24 hours to coincide 
with the dates of eight of the impingement studies.  The samples were collected approximately 
once a month from April 18 to December 19 with a missed sample in July. 

3.2.3 Analytical Methods for Entrainment and Impingement Studies 

For entrainment the purposes of the analyses is to estimate the numbers of early life stages of 
fish entrained and to provide a sense of the statistical variability for those estimates.  Two 
estimation approaches were used.  One approach was a simple arithmetic computation based on 
observed data (“design-based approach”); the other is based on a statistical model fitted to the 
data (“model-based approach”).  The model-based approach has the advantage of interpolating 
over the time period on days when samples were not collected and also accounts for the 
statistical distribution of the data and was used to compute confidence intervals.   The design-
based approach has the advantage of being simple to implement and also serves as a check for 
model mis-specification in the model-based approach. 
 
Entrainment estimates are provided based on both design (permitted) and actual flows.  The 
design flow estimate represents a theoretical maximum cooling water flow while actual flow 
represents typical entrainment losses anticipated for Dickerson for the foreseeable future.  For 
impingement, estimates for design and actual flow were also computed following a similar logic. 
In providing these estimates it was necessary to integrate estimates over date and diel period.  
For the design flow impingement and entrainment estimate simple arithmetic estimates of 
densities or impingement rates were computed for temporal strata.  The totals were summed over 
strata to compute annual estimates.  For the impingement studies the strata were one month in 
duration.  For the entrainment study the strata were two to four weeks in duration.   
 
For the model-based approach, a generalized additive model (Wood 2006) was used to estimate a 
smooth prediction line through time.  For entrainment, in addition to the smooth of date, there 
was a class variable for diel period that was used to shift the mean entrainment between day and 
night. 

3.3 Study Results  

A summary of results are provided for the entrainment in Subsection 3.3.1 and impingement in 
Subsection 3.3.2.  A much more detailed discussion of results is provided in Attachment A.  
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3.3.1 Entrainment Study Results   

The taxa identified in the entrainment and source waterbody ichthyoplankton samples are listed 
in Table 3.1.  Many of the identifications are only to the genus or family level because of the 
difficulty in identifying fish eggs and larvae to a lower level.  Family level identifications were 
used for modeling entrainment numbers when lower level identifications were uncertain. 

 

Table 3.1 - List of taxa collected in entrainment studies at Dickerson in 1978 and 2005 
including the number of specimens collected at the river transect and station discharge. 

1978 2005 
Species Phase River Disch. Disch. 

Minnows and carps (Cyprinidae) 

Egg 26 60 0 
Proto 595 221 52 common carp (Cyprinus carpio) 

Juv 0 2 0 

Egg 0 1 6 
Proto 17 22 3 
Meso 1 3 6 
Meta 1 1 0 

native minnow (Leuciscinae) 

Juv 1 0 0 

Egg 709 61 0 
Proto 1055 785 2 
Meso 2 2 44 
Meta 1 4 2 

spottail shiner (Notropis hudsonius) 

Juv 0 0 2 

Egg 14 35 0 

Proto 709 335 34 
Meso 4 6 0 

spotfin shiner / bluntnose minnow 
 (Cyprinella spiloptera / 
  Pimephales notatus ) 

Meta 0 2 0 

Egg 0 0 1 carp/minnow spp. (Cyprinidae) 
Proto 0 0 1 

Suckers (Catastomidae) 

Egg 8 4 0 
Proto 4 0 0 
Meso 87 135 28 
Meta 2 6 9 

sucker spp. (Catastomidae) 

Juv 1 1 0 
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Table 3.1 cont - List of taxa collected in entrainment studies at Dickerson in 1978 and 2005 
including the number of specimens collected at the river transect and station discharge. 

1978 2005 
Species Phase River Disch. Disch. 

North American Catfishes (Ictaluridae) 

Meta 21 14 0 yellow bullhead (Ameiurus natalis) 
Juv 1 0 0 
Meso 1 9 0 
Meta 229 62 0 channel catfish (Ictalurus punctatus) 

Juv 9 3 18 
Meta 2 6 1 

margined madtom (Noturus insignis) 
Juv 2 1 0 

catfish spp. (Ictaluridae) Egg 0 2 0 
  

     

Sunfishes (Centrarchidae) 

Meso 0 0 1 rock bass (Ambloplites rupestris) 
Meta 1 1 0 
Proto 9 5 0 
Meso 9 0 0 

Meta 4 0 0 
sunfish/crappie (Lepomis/Pomoxis) 

Juv 1 0 0 

Perches (Percidae) 
Egg 8 6 0 
Proto 55 116 11 
Meso 0 1 12 
Meta 0 0 9 

greenside darter  
 (Etheostoma blenniodes) 

Juv 0 0 12 
Proto 377 318 40 
Meso 0 0 1 
Meta 0 1 0 

tessellated darter 
 (Etheostoma olmstedi) 

Juv 0 1 4 

Undetermined 
Egg 11 12 0 
Proto 7 11 0 
Meso 0 2 0 
Meta 0 2 0 
Juv 1 0 0 

  

Unid 1 1 0 

Total 
  All 3,986 2,260 299 
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Table 3.2 shows a comparison of the design-based entrainment estimates for maximum and 
actual cooling water flow during day and night periods in 1978 and 2005.  The difference 
between design and actual flow is quite small and therefore the difference between years appears 
to be due to lower densities of larvae and juveniles in 2005.  Section 3.4 explores some possible 
reasons for the decrease. 
 

Table 3.2 – Design-based Entrainment Estimates at Dickerson for Maximum and Actual 
Circulator Flow in 2005 by diel period.   

Entrainment (Millions) 

Maximum Circ. Flow 
Actual Circ. Flow 

in 2005 

Species Phase  Day Night Sum Day Night Sum 
common carp Proto 0.32 2.20 2.52 0.32 2.18 2.50

Proto 0.00 0.14 0.14 0.00 0.14 0.14
Meso 0.00 0.29 0.29 0.00 0.29 0.29native minnow 

Unid. 0.00 0.09 0.09 0.00 0.09 0.09
Proto 0.00 0.09 0.09 0.00 0.09 0.09
Meso 0.07 2.05 2.13 0.07 2.04 2.11
Meta 0.00 0.07 0.07 0.00 0.06 0.06

spottail shiner 

Juv 0.07 0.00 0.07 0.07 0.00 0.07

spotfin shiner &  
bluntnose minnow 

Proto 0.00 1.66 1.66 0.00 1.65 1.65

minnow/carp spp. Proto 0.00 0.02 0.02 0.00 0.02 0.02
Meso 0.30 0.72 1.02 0.29 0.71 1.01

sucker spp. 
Meta 0.05 0.31 0.36 0.05 0.31 0.35

channel catfish Juv 0.12 0.90 1.02 0.12 0.86 0.99
rock bass Meso 0.13 0.00 0.13 0.13 0.00 0.13

Proto 0.03 0.45 0.49 0.03 0.45 0.48

Meso 0.25 0.36 0.61 0.24 0.36 0.59

Meta 0.00 0.21 0.21 0.00 0.21 0.21
greenside darter 

Juv 0.22 0.24 0.46 0.21 0.23 0.44
Proto 0.03 1.87 1.91 0.03 1.86 1.89
Meso 0.00 0.05 0.05 0.00 0.04 0.04tessellated darter 

Juv 0.07 0.11 0.18 0.06 0.11 0.17

Total All 1.68 11.85 13.53 1.64 11.68 13.32
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As measured by numbers of individuals entrained, most of the entrainment is comprised of 
cyprinid species including carps, minnows and suckers.  The next most commonly entrained 
species were catfishes including bullheads and madtoms.  Entrainment biomass was not 
computed but catfish (ictalurid) biomass as a proportion of the total would be substantially 
higher because the catfish were larger and more robust.  Table 3.3 summarizes the length 
distribution of the larvae and juveniles collected in the entrainment samples. 
 

Table 3.3 - Length distribution of common larval species in 1978 and 2005.  Lengths for 
1978 from ANSP (1979).  Sample sizes were considerably larger in 1978 but the actual 
numbers of specimens measured that year were not included in the report. 

 

1978 2005 
Total Length (mm) Total Length (mm) 

Min/Max Min/Max   
Interquartile 

 Range 
Species Mean Min Max Mean Min Max Median Q1 Q3 N

common carp 5.9 5.2 6.7 4.9 3.9 5.5 4.9 4.6 5.2 52
spottail shiner 5.5 4.7 6.4 5.9 3.8 29.5 4.7 4.1 5.4 50

spotfin/bluntnose 5.5 4.7 6.7 4.4 3.5 5.0 4.4 4.1 4.7 34
sucker spp. 14.9 14.4 15.7 15.0 12.4 19.5 14.8 14.1 15.7 37

channel catfish 15.8 14.2 18.1 15.2 14.3 16.7 15.1 14.8 15.4 18
margined madtom 17.2 15.8 19.1 13.5 13.5 13.5 13.5 13.5 13.5 1

greenside darter 7.3 6.9 8.0 10.2 4.8 17.4 9.7 7.4 13.4 44
tessellated darter 5.5 5.1 6.2 5.3 3.9 14.9 4.6 4.3 4.7 45

 
 
 
The assumption of 100% mortality is used as a conservative assumption for estimating 
entrainment and the most current reliable estimates of entrainment are provided in Table 3.4.   
 
As with any biological study there are significant sources of uncertainty relative to the estimates 
provided.  A detailed discussion based on a model-based statistical analysis is provided in 
Attachment A.   Suffice to say that the upper limit of the 80% confidence intervals were 1.2 to 
3.3 times higher than the actual estimate for most species and this upper limit corresponds to the 
90th percentile probability. 
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Table 3.4 - Estimated entrainment of common taxonomic and developmental 
categories at Dickerson in 2005.  

 

Entrainment (millions) 
Mean flow 
(m3/sec) Spotfin 

shinera First 
Date 

 
Strata 

dur 
(Wks.) 

Potomac 
River 

Plant
Circ. 

Common
carp

Proto 

Spottail
Shiner

Proto &
Meso Proto 

Channel 
catfish 

Meta & 
Juv. 

Tessell-
ated

darter
Proto Sum Other 

All spp.
All eggs

& Larvae 

4/10/2005 4 313.32 15.13 0 0 0 0 0 0 0 0 

5/8/2005 2 185.03 18.22 2.37 2.11 1.65 0.00 1.87 7.99 1.60 9.59 

5/22/2005 2 269.48 17.45 0 0.05 0.00 0.59 0.02 0.65 1.34 1.99 

6/5/2005 2 139.69 18.31 0 0.05 0 0 0 0.05 0.86 0.91 

6/19/2005 4 130.12 18.28 0 0 0 0.39 0 0.39 0.18 0.57 

7/17/2005 4 128.43 17.87 0.13 0 0 0 0 0.13 0.13 0.26 

Total       2.50 2.20 1.65 0.99 1.89 9.22 4.10 13.32 

Percent       19% 17% 12% 7% 14% 69% 31% 100% 
 

a Includes spotfin shiner and bluntnose minnow; these species were not distinguished. 
 





 
 

3.3.2 Impingement Study Results   

Table 3.5 lists species of fish collected in the 2005-2006 impingement study.  A total of 9 species 
was collected compared to a total of 43 species collected in electrofishing surveys conducted 
from 1991 to 2000 in the vicinity of the generating station.   

Table 3.5 - List of fish taxa collected in impingement sampling at Dickerson in 2005 - 2006.   
 

Family/ 
Species Scientific Name 

carps and minnows Cyprinidae 
common carp Cyprinus carpio 
goldfish Carassius auratus 
spotfin shiner Cyprinella spiloptera 

North American catfishes Ictaluridae 
channel catfish Ictalurus punctatus 

Sunfishes Centrarchidae 
redbreast sunfish Lepomis auritus 
pumpkinseed Lepomis gibbosus 
bluegill Lepomis macrochirus 
smallmouth bass Micropterus dolomieu 
largemouth bass Micropterus salmoides 

 
 
The 1978 fish trap catches were concordant with the concurrent impingement data in terms of 
numbers impinged and species composition (Attachment A Section 3.4).  Trap catches were 
highest near shore.  The intake traps set near the bottom were more similar to impingement for 
spottail shiners than traps set near the surface.  Impingement was episodic particularly in 1978 
and episodes may have been weather related but there was insufficient data to confirm that 
observation. 
 
The models that were fitted separately for each study and which were used for the confidence 
interval estimates had the following results:  for 1978 the estimate was 269,000 with an 80% 
confidence interval from 178,000 to 437,000;  for 2005-2006, the estimate was 812 with an 80% 
confidence interval from 575 to 1,184. 
 
Design-based estimates for individual species are shown in Table 3.6 and 3.7.  In 1978, spottail 
shiner comprised 72% of total impingement and included approximately 192,000 individuals.  In 
2005-2006, none were caught in impingement samples.  Instead most of the impingement was 
comprised of common carp and goldfish, which made up 65% of total impingement (533 
individuals over 15 months) followed by bluegill, redbreast sunfish, and spotfin shiner.  Each of 
these was 7 to 8 % of the total.  Channel catfish were about 8% of the total in 1978 and 3% in 
2005-2006.  Smallmouth bass were 0.2 % of the total in 1978 and 5% in 2005-2006. 
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Table 3.6 - Unadjusted estimated number of fish impinged per month at Dickerson from 
January to December 1978. 

Year Month 
spottail 
shiner 

spotfin 
shiner 

channel 
catfish

combined 
sunfish

small- 
mouth 

bass Other Total

1978 Jan 6,572 0 7,223 372 155 930 15,252

1978 Feb 18,088 28 1,974 644 28 1,036 21,798

1978 Mar 126,961 78 372 558 0 1,163 129,131

1978 Apr 5,980 120 1,340 480 0 1,110 9,020

1978 May 25,343 5,301 8,339 15,531 186 7,208 61,892

1978 Jun 4,800 2,880 495 495 0 3,495 12,165

1978 Jul 1,116 837 723 310 31 992 3,999

1978 Aug 1,147 605 543 186 47 713 3,240

1978 Sep 930 93 388 279 0 806 2,480

1978 Oct 62 47 0 140 0 233 481

1978 Nov 270 90 75 45 0 435 915

1978 Dec 698 47 0 1,659 0 915 3,317

Total 191,966 10,124 21,471 20,698 447 19,034 263,688

Percent 72.8% 3.8% 8.1% 7.8% 0.2% 7.2% 100.0%
 
 



 

Table 3.7 -  Estimated number of fish impinged per month at Dickerson from April 2005 to June 2006.  
Estimates adjusted to continuous operation of all screens and circulators. 

Year Month 
spotfin 
shiner 

common 
carp goldfish

channel 
catfish

redbreast 
sunfish

pumpkin-  
seed bluegill 

small- 
mouth 

bass

large- 
mouth 

bass Total

2005 Apr 52.5 30 37.5 0 22.5 0 37.5 0 0 180

2005 May 0 96.1 49.6 18.6 0 0 0 0 0 164.3

2005 Jun 0 0 0 0 15 0 0 0 15 30

2005 Jul 15.5 0 0 0 15.5 15.5 15.5 31 0 93

2005 Aug 10.3 0 0 10.3 31 0 0 20.7 10.3 82.7

2005 Sep 0 0 0 0 0 0 0 0 0 0

2005 Oct 0 0 0 0 0 0 0 0 0 0

2005 Nov 0 0 0 0 0 0 0 0 0 0

2005 Dec 0 0 0 0 0 0 0 0 0 0

2006 Jan 0 0 0 0 0 0 0 0 0 0

2006 Feb 0 0 0 0 0 0 32.2 0 0 32.2

2006 Mar 0 248 0 0 0 0 0 0 0 248

2006 Apr 0 144 72 0 0 0 0 0 0 216

2006 May 0 15.5 0 0 0 0 0 0 0 15.5

2006 Jun 0 0 0 0 0 0 0 0 0 0

Total 78.3 533.6 159.1 28.9 84 15.5 85.2 51.7 25.3 1061.7

Percent 7.4% 50.3% 15.0% 2.7% 7.9% 1.5% 8.0% 4.9% 2.4% 100.0%
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Possible explanations for the decrease in impingement are discussed in the next Section.  A 
potentially important feature of the impingement is the range of sizes among the species 
impinged because it is a factor for consideration in the selection of intake technologies.  For 
species reported for 1978 and 2005-2006, the sizes of fish impinged were roughly the same 
(Table 3.8).  In 2005-2006, the median length typically ranged from 8 to 15 mm TL.  Common 
carp were larger with a median length of 31 mm TL. 
 

Table 3.8 - Descriptive statistics for lengths of fishes impinged in 2005-2006 with 
comparisons to mean lengths for 1978.   

 
Total Length (cm) 

1978 2005-2006 

Interquartile 
 Range 

Species Mean Mean Min Max Median Q1 Q3 N 
spotfin shiner 7.7 7.9 5.0 9.2 8.7 6.3 9.1 5 
spottail shiner 9.3 None caught 
common carp ND 33.7 23.1 50.4 31.0 28.5 40.1 18 
goldfish ND 11.9 9.6 16.5 11.7 9.9 13.2 6 
channel catfish 14.0 13.6 5.7 21.5 13.6 5.7 21.5 2 
redbreast sunfish ND 15.3 10.6 19.3 15.3 13.2 17.7 6 
pumpkinseed ND 8.6 8.6 8.6 8.6 8.6 8.6 1 
bluegill ND 10.3 4.6 16.6 11.0 4.9 15.4 5 

Sunfish (all) 9.8 12.6 4.6 19.3 14.1 9.1 16.5 12 
smallmouth bass ND 7.9 5.7 9.5 8.2 6.1 9.4 4 
largemouth bass 14.3 22.4 10.2 34.5 22.4 10.2 34.5 2 

 

3.4 Discussion of Results to Inform BPJ Compliance Decision Making 

The objective of this section is to evaluate the current estimates of entrainment and impingement 
losses to determine if there are any changes of sufficient magnitude to warrant a change in 
MDE’s prior compliance determination as discussed in Section 1.6. 
 
This Section will provide a separate discussion for entrainment and impingement.  Since a 
substantial decrease was observed for both entrainment and impingement from the prior study, 
possible reasons for the decrease are discussed for each.  The entrainment discussion also 
considers entrainment survival, as well as potential adverse impacts to a SNAC.  The approach 
used for the SNAC impact analysis is to provide fractional loss estimates to potentially affected 
fish populations.  For impingement, consistent with Maryland’s regulations, an updated estimate 
of the monetary value of impinged fish is provided.   

3.4.1 Entrainment Discussion 

This discussion is provided in four sections.  The first section discusses possible reasons for the 
significant decline in entrainment observed between the 1978 and 2005 study.  The second 
section covers entrainment survival and the third provides equivalent adult entrainment loss 
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estimates for channel catfish.  The fourth section provides estimates of fractional entrainment 
losses to the portion of the Potomac potentially affected by Dickerson.  

3.4.1.1 Lower Entrainment in 2005 Than 1978 

Table 3.9 shows a comparison of the design-based entrainment estimates for maximum and 
actual circulator flow in 1978 and 2005.  The difference between maximum and actual flow was 
quite small in both studies indicating no significant change in Dickerson operations.  There were 
no noteworthy changes in diel or seasonal patterns to entrainment between 1978 and 2005 and 
species and life stages were entrained in roughly the same proportions in 1978 and 2005.  The 
primary difference between the historic and recent studies was in the overall magnitude of the 
entrainment loss.  Several possible explanations are offered: 

1. Change in Turbidity – It was noted that in 2005 the median turbidity was 7 NTUs 
compared to a median value of ~ 25 NTUs in 1978.  The lower turbidity may have 
reduced drift.  There is no direct evidence to support this possibility due to the 
confounding effect of seasonal changes in species abundance.  However, the fact that 
much higher drift rates occur at night (see Attachment A Table 2-3) suggests that loss of 
visual cues may increase drift.  Since high turbidity also reduces visual cues it may also 
increase drift.  There area variety of other physical or water quality differences between 
years that could have contributed to the change as well.   
 

2. Increase in Submerged Aquatic Vegetation - An alternative hypothesis is the significant 
change in habitat between studies in terms of a dramatic increase in submerged aquatic 
vegetation (SAV).  Since 1991 there has been a resurgence of submerged aquatic 
vegetation in the Potomac River near Dickerson (personal observation) following a 
dramatic decline between 1965 and 1968 (ANSP 1967, 1968 and 1969).  The resurgence 
in aquatic vegetation has persisted and may have caused changes in fish populations – 
notably an increase in sunfish (as compared to minnow species).  Since sunfishes have 
low drift rates, overall entrainment would decrease.   

 
3. Annual Variability – Large annual population fluctuations are known to occur for various 

fish species.  In another freshwater river, differences in larval catch per unit effort of up 
to 29 times were observed from one year to the next (Bednarski et al. 2008).   

 
It is also possible that any of the explanations offered here in combination with other factors 
could be contributing to the decrease in entrainment.  In any event, there do appear to be 
plausible explanations for the decrease and no evidence to suggest the change is related to a 
change in Dickerson’s operations. 
 
A more detailed table of the estimates of entrainment by diel period in 2005 is provided in Table 
4.2 of Attachment A. This table includes all the species identified by ANSP in 2005.   
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Table 3.9 – Design-based Entrainment Estimates at Dickerson for Maximum and Actual 
Circulator Flow in 1978 and 2005.  Species selected based on data availability from the 
1978 study. 

Entrainment (Millions) 

Total for Day and Night Periods 
Maximum Actual 

Circ. Flow Circ. Flow 
Species Phase  1978 2005 1978 2005 

common carp Proto 4.5 2.5 5* 2.5

Proto 17.2  17 2.2
spottail shiner Proto & Meso  2.2    

spotfin shiner & bluntnose 
minnow Proto 8.1 1.7 7 1.6

Meta  1.4  1   
channel catfish Meta & Juv.  1.0   1.0

tessellated darter Proto 5.9 1.9 6* 1.9

Other   13.2 4.2 12 4.1

Total   50.3 13.5 48 13.3
 

* There was some error in the common carp estimates for 1978.  Entrainment estimates for actual flow were taken 
from the Table V-B-3 in the ANSP 1979 report.  Entrainment estimates for maximum flow were computed from 
data picked from the graphs in same report.  There may have been a little error in this process because the estimates 
for actual flow were higher.  While this can not be true, rounding of the 1978 estimates may have made the 
discrepancy seem larger than it actually was.  Impingement estimates for maximum flow for other species in 1978 
were higher than estimates for actual flow as expected. 
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3.4.1.2 Entrainment Survival 

In presenting the results in Section 3.3 the annual estimates based on actual flow were provided 
using the assumption of 100% entrainment mortality.  Consideration of entrainment mortality 
was only permitted in the Phase II Rule as part of a cost-benefit analysis.  However, with the 
Rule withdrawn there is nothing to prevent consideration of entrainment survival in the current 
BPJ evaluation.   
 
As part of the 1978 entrainment study the ANSP did conduct entrainment survival studies.  Three 
different tests were conducted in June and July.  Tests were conducted during periods when 
intermittent chlorination was being applied.  A description of the study method is provided in 
Section 4.1.2 of Attachment A.   
 
The results of this study are shown in Table 3.10 and indicate approximately 87% of the 558 
larvae collected on the first sampling date (June 10/11) survived after a 24 hour holding period.  
Survival for the second test conducted June 20/21was 18% and larvae collected in the June 30-
July 3rd samples had a 33% survival rate.  The reason for the decline in survival was believed to 
be due to turbidity and/or temperature.  Turbidity during the first sample was 22 NTU compared 
with 55-60 NTU in the second and third sampling events.  Discharge temperature during the first 
sample event was approximately 31.7°C compared with 33.9 and 34.4°C during the last sample 
event.  Survival rate in the control group for the third sample was comparable to survival in the 
entrainment group.  Although the sample size for the control was small, this similarity suggests 
some mortalities noted in the entrainment samples may have been caused by handling of the 
larvae or natural mortality. 
 
These results suggest there may be significant entrainment survival during periods of highest 
larval densities.  The first sample, with survival rates of 87%, was initiated on June 10 which is 
relatively late in the spawning season.  In 2005, entrainment prior to June 5 was 8.45 million 
compared to 1.27 million after June 5.  In addition, discharge temperatures during this period 
remained below 30° C and turbidity, which was considered a potential factor for higher 
entrainment in 1978, was low (i.e. less than 20 NTU).  Also use of chlorine was not initiated 
until July 27 in 2005.  (In most years chlorination begins in mid-June.)  The combination of 
lower temperatures, low turbidity and no chlorination would leave one to expect very good 
survival in 2005 during the period when most entrainment occurred.   
 
In the second sample of the 1978 study, initiated on June 20, while survival was relatively poor 
for minnow species it remained high for catfish species (80% for yellow bullhead and 64% for 
channel catfish larvae).  As noted in Section 2-3 of Attachment A the weight of an individual 
catfish larva/juvenile is expected to be about 10 times greater than that of the minnow larvae.  
Thus entrainment survival based on biomass for these hardier species is expected to be relatively 
high.  However, quantitative entrainment survival estimates based on biomass would require 
actual weight measurements and additional study would be required to develop a technically 
supportable survival estimate, since the 1978 study had only three samples and many species 
were represented in only one or two samples.   
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Table 3.10 - Adapted from ANSP 1979.  Survival rate of entrained larvae collected in the 
discharge of Dickerson on three occasions in 1978-after a 24-hour holding period.  

Date June 10-11 June 20-21 June 30 - July 3 
Location Discharge Discharge Discharge Control 
Temperature 31.7 C 33.9 C 34.4 C Not Reported 
Turbidity 22 NTU 55 NTU 60 NTU Not Reported 

Species Phase Live Total 
% 

Survival Live Total
% 

Survival Live Total % Live Total
% 

Survival
Common 
 Carp 

proto  58 66 88% 4 10 40% 0 10 0%     

proto 262 288 91% 4 140 3% 4 28 14% 6 18 33%
meso 1 1 100%              

All shiners  
& minnows 

meta 2 2 100%              
Sucker 
 spp. 

meso 115 150 77% 0 4 0%          

Yellow 
 bullhead 

meta       12 15 80% 2 3 67% 0 2 0%

meso       5 5 100%      0 1 0%Channel 
 catfish meta 1 1 100% 6 12 50% 16 21 76%     
Marginated 
 madtom 

meta           2 6 33% 1 2 50%

Redbreast 
 sunfish 

meso       2 2 100%          

Tessellated  
 darter 

proto 47 50 94% 1 2 50% 2 12 17%     

Overall   486 558 87% 34 190 18% 26 80 33% 7 23 30%
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3.4.1.3 Results of Equivalent Adult Losses of Channel Catfish 

Computation of equivalent adult losses is a useful method for converting the estimates of various 
entrainable life stages to a meaningful metric to better understand those losses from a fishery 
management perspective.  This analysis requires information on the high natural mortality rates 
to which these early fish life stages are subject.  Some data are available to compute equivalent 
adult estimates for channel catfish (Table 3.11). 
 
As it happens, the estimates for numbers of channel catfish entrained in the historic and recent 
studies were the same, i.e. approximately 1 million metalarval and small juvenile catfish 
entrained in both studies.  Thus there was no historic-vs.-recent study effect on numbers of 
equivalent adults.    On the other hand, there was a broad range of estimates related to 
uncertainty concerning survival rates.  The estimate provided of 2,500 to 3,000 adult channel 
catfish is based on mid-point survival estimates (presumably the best estimates.  However the 
overall range in estimates was from a couple hundred individuals to about 50,000.  The upper 
end of the range is sufficiently high to show the need for information on the size of the river 
populations to help put the losses in a biological context.  This was the goal of the historic 
entrainment evaluation described in the next section. 
 

Table 3.11 - Equivalent adult losses of channel catfish due to entrainment mortality.  
Fractional survival estimates computed as described in Appendix 2 of Attachment A.  
Estimates of numbers entrained (Num. Ent.) for historic and recent studies were 
approximately the same; therefore the equivalent adult losses were also the same for both 
studies.  The entrainment estimate based on the mid-point survival estimate (presumably 
the best estimate) is highlighted in yellow. 

Study 

Range in  
Survival 
Rates 

Age 0 Age 1 Age 2 Age 3
Age 4  

(Age at Maturity)

Fractional Survival 

0.02044 0.54881 0.54881 0.54881   

Num. Ent. Potential Natural Survival Numbers 

Mid-Point 
Natural 
Survival 

1,000,000 20,444 11,220 6,158 3,379

Fractional Survival 

0.00333 0.41478 0.41478 0.41478   

Num. Ent. Potential Natural Survival Numbers 

Minimum 
Natural 
Survival 

1,000,000 3,328 1,380 573 237

Fractional Survival 
0.13058 0.73052 0.73052 0.73052   

Num. Ent. Potential Natural Survival Numbers 

Historic  
(1978) 

and 
R 

Maximum 
Natural 
Survival 

1,000,000 130,577 95,389 69,683 50,905
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3.4.1.4 Evaluation of Entrainment Losses to Spawning and Nursery Areas 
of Consequence 

The biological evaluation of the prior studies provided to MDE by PPSP was designed to 
determine whether significant adverse impacts occurred to SNACs.  This analysis is described by 
Summers and Jacobs (1981) and the analytical methods are summarized in Attachment A, 
Appendix 3.  The basic approach was to compute fractional losses to river populations of early 
life phases of fish due to entrainment and then to aggregate the individual life stage losses to 
compute overall losses for selected representative species.  The denominator for the loss 
fractions was the estimated production of individuals in each life stage in the Piedmont section of 
the Potomac River between Williamsport and Great Falls (Attachment A, Appendix 3 - Figures 
A3-1 and A3-2).  Two approaches were used to estimate the loss fractions.  The first method was 
to compare the numbers of early life phases entrained with the total numbers that were drifting 
downriver (i.e. the flux or drift of eggs and larvae downriver) which is referred to as the “flux 
method”.  The second approach is referred to as the “regional population method”.  This method 
estimates overall production of early life phases (as numbers of individuals not biomass) in the 
Piedmont Section of the River.  These River estimates were used as the denominator to compute 
fractional entrainment losses.  The flux method assumes that all members of the population are 
drifting in the river currents.  This is a highly conservative assumption since it is clearly not the 
case for some life phases and species such as eggs and early larval phases of nest building 
species (sunfish, crappie, and catfish) or even for minnow and sucker species whose eggs may be 
attached to or buried in gravel or laid in crevices. 
 
Table 3.12 summarizes the results of the population loss estimates for 1978 as computed by the 
flux and regional population methods.  As noted above, the flux method is believed to generate a 
worst case estimate.  For species that have essentially no drift a zero population loss was 
assigned for both methods.  A problem for the flux method occurs when a small part of the 
population is assumed to drift.  Using spotfin shiners as an example, their eggs are laid in 
crevices and only a tiny fraction might enter the drift; however since Dickerson entrains about 
10% of the river flow about 10% of those stray eggs are entrained; which yields a gross over 
estimate of the population loss.  Recognizing this type of limitation on interpretation, the flux 
estimates are still useful as estimators of the upper bound of possible losses which are based on 
readily attained estimates of entrainment and river drift.  The regional population method is 
based on more speculative estimates of underlying population production that can’t be measured 
directly. 
 
The information from the new studies cannot be used to update the flux estimates because no 
river samples were collected.  Therefore the same ratio of entrainment and river drift is assumed 
for the 2005 study.  Estimates for the regional population method could change.  If one assumes 
a stable population consistent with observations by Enamait (2005) then the denominator of the 
fractional loss expressions would be expected to fluctuate around a stable mean.  (See Section 
4.4 of Attachment A for a more detailed discussion of potential changes in fish populations based 
on sampling by Maryland DNR.)  There is a problem in that no estimate of annual variability of 
the river production of early life phases of fish in the Upper Potomac River is available.  The 
literature indicates variability in the abundance of larval fishes in freshwater rivers can be quite 
large.  For example, larval catch per unit effort has been observed to differ by a factor of 29 from 

3-10 



 

one year to the next (Bednarski et al. 2008).  Therefore the most that can be said is that the 
percent population losses in 2005 were probably less than those in 1978.  Even so the estimates 
are useful.  Note that although the equivalent adult loss estimate for channel catfish is about 
3,000 (perhaps up to 50,000), which might seem large, the best estimate for the fractional loss is 
about 2%, which is a modest loss.  The highest estimate of loss by the regional population 
method was 4.2% for spottail shiner (Table 3.12).  This species is an early spawner and most are 
entrained prior to mid-June when entrainment survival is expected to be high which could also 
substantially reduce loss estimates.  
 

Table3.12 - Percent population loss estimates computed by the Flux and Regional 
Population Methods for Dickerson (Adapted from Jacobs and Summers 1981).  Zero 
assigned for species and developmental period combinations which were not considered 
to be entrained. 

 Eggs Larvae Juveniles Overall 

Species Flux* Regional Flux Regional Flux Regional Flux* Regional
Spottail 
 shiner 8.7* 0.1 10.3 4.1 0 0 18.1* 4.2
Spotfin 
 shiner 9.5* 0.1 10.2 0.1 0 0 18.7* 0.2
Bluntnose 
 minnow 0 0 6.4 0.1 0 0.1 6.4 0.2

Suckers 8.3* 0.1 9.7 0.3 0.9 0.4 17.9* 0.8
Channel 
 catfish 0 0 8.3 1.7 0.5 0.1 8.8 1.8
Redbreast 
 sunfish 0 0 10.3 2.2 0.9 0.1 11.1 2.3
Other 
 sunfish 0 0 10.6 1.9 0.2 0.1 10.8 2.0
Smallmouth 
 bass 0 0 0 0 0 0 0.0 0.0
Largemouth 
 bass 0 0 0 0 0 0 0.0 0.0

 

* Percent population loss estimates for shiners and suckers computed by the flux method are considered 
overestimates because the flux method assumes all eggs are vulnerable to entrainment (i.e., all eggs are drifting 
downriver).  In reality, most eggs of these species are attached to gravel (spottail shiner), buried in gravel (suckers) 
or are laid in crevices (spotfin shiner).  Assuming minimal loss of eggs, the overall flux-method estimates for these 
species would be approximately 10%. 
 

3.4.2 Impingement Discussion 

The 2005-2006 annual impingement estimate was considerably lower than the 1978 estimate 
while the overall seasonal pattern in impingement was similar between years.  Because of the 
2005-2006 sampling methodology it is not possible to make comparisons of diel patterns.  
Because so few fish were collected in the 2005-2006 study it is also difficult to make species 
composition comparisons across studies.  The decrease in spottail shiner from impingement 
study from 192,000 thousand (72% of total impingement) in 1978 to zero in 2005-2006 was 
particularly noteworthy.  In 2005-2006, most of the impingement was comprised of common 
carp and goldfish, which made up 65% of total impingement. All species impinged in 1978 were 
also impinged in 2005-2006.   
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The remainder of this section is divided into a discussion of the possible reasons for the 
significant decline in impingement from the 1978 study to the 2005-2006 study.  This is followed 
by a discussion of the updated economic loss estimates as required by Maryland regulations for 
impingement.  

3.4.2.1 Lower Impingement in 2005 than 1978 

The decrease in impingement parallels the large decrease in entrainment.  As shown in Table 3.9 
entrainment for maximum (design) cooling water flow and actual cooling water flow was similar 
within 1978 and 2005-2006 studies.  This indicates there was no significant difference related to 
Dickerson operation between the two studies.  However there was a difference in the way the 
samples were collected.  In 1978 impingement samples were collected by continuous screen 
rotation while in 2005-2006 samples were primarily collected by rotation after 12 hours during 
which the screens were stationary.  The 2005-2006 sampling more closely matches the way the 
screens are normally operated and should therefore be more representative.  While this change in 
the sampling methodology could potentially result in a lower estimate (Loos 1987) based on the 
species at Dickerson it does not seem possible this change alone could explain a change of the 
magnitude observed.  
 
Alternative possible reasons are lower susceptibility of fish to impingement or lower population 
numbers of impingeable fish in 2005-2006.  Lower susceptibility could be argued due to 
differences in turbidity or temperature between the two studies.  In 2005-2006, the median daily 
minimum air temperatures at Dulles Airport for the months December to March were about 4 
degrees warmer than in 1978 and in 2005-2006 the lower interquartile range was about 7 degrees 
warmer.  Large amounts of ice which had piled up along the shore in 1978 have not been seen in 
recent years.  A prolonged period of low temperature can cause fish to use up stored energy 
reserves which weakens them and can cause incidences of increased impingement (ERPI 2008).  
Such incidences should become less common because the warmer winter temperatures in 2005-
2006 appear to be part of a long-term trend in the Mid-Atlantic region (Fisher and Smart 1999). 
 
Changes in turbidity could also affect impingement and in 2005-2006, turbidity was lower than 
in 1978; median and interquartile range values were about half the values in 1978.  The lower 
turbidity could have had an effect on impingement by allowing the fish better perception of the 
screens.  Direct evidence for this hypothesis is lacking due to the confounding of seasonal 
changes in abundance with the potential effects of turbidity.  However the fact that much higher 
impingement rates occur at night as compared to the day suggests that loss of visual cues may be 
important. 
 
Alternatively, decreases in impingement may be due to changes in the fish species composition 
that may have favored fish less vulnerable to impingement.  Such changes could be associated 
with the dramatic increase in submerged aquatic vegetation (SAV) previously discussed for 
entrainment.  This may have caused a shift in species composition away from minnows, 
especially spottail shiner, toward sunfishes.  The dominance of carp and goldfish in the recent 
samples also suggests a change in fish populations.  Presently there is no direct evidence to 
support the change in species-composition hypothesis.  The idea of a relatively stable population 
is supported by comments by Edward Enamait (who has been studying the fish populations in 
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the Upper Potomac River for many years starting with a comprehensive study from 1978 to 1979 
(Davis and Enamait 1982).  In comments to the Interstate Commission on the Potomac River 
Basin commissioners and staff (ICPRB 2005), he noted a tremendous population of catfish, the 
most common of which is the channel catfish.  The reproductive success of smallmouth bass can 
vary greatly from year to year, based on weather and other river conditions; however, 
reproduction in the Potomac River is generally good, and the population is stable (Excerpts, with 
slight modification, from ICPRB 2005). 
 
These observations suggest that changes in impingement probably stem more from changes in 
the behavior and distribution of fish rather than changes in the underlying species composition in 
the river.  The availability of the fish trap data for 1978 could be helpful for evaluation of this 
idea, if this type of sampling were to be repeated.   
 

Table 3.13 - Estimated annual impingement numbers at Dickerson for 1978 and 2005 - 
2006.  The estimates for actual flow in 2005 are considered most indicative of future 
losses. 

 

Annual Impingement (Number of Fish) 
1978 2005 

Species Actual 
Circ. 
Flow 

Max 
Circ. 
Flow 

Actual
Circ. 
Flow 

Forage fish 213,230 52 46

American eel 25 0 0

Suckers and redhorse 2,493 0 0

Carp 1,183 391 319

Goldfish ? 80 67

Bullheads (all spp.) 484 0 0

Channel catfish 16,884 20 19

Madtoms 751 0 0

Rock bass 116 0 0

Sunfish (all species) 19,656 148 139

Smallmouth bass 344 52 51

Largemouth bass 33 18 18

Crappie (back and white) 883 0 0

Yellow perch 30 0 0

Total 256,112 760 658
 

* See text. 
** Goldfish would have been included in the forage fish category in 1978. 
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3.4.2.2 Update of Historic Evaluation of Biological and Economic of Impacts 
of Impingement 

The historic evaluation of impingement impacts was based primarily on the economic value of 
the loss computed as specified in specified in COMAR 08.02.09.01 and COMAR 26.08.03.05.   
 
A summary comparison of overall numbers, biomass, and economic values in 1978 and 2005-
2006 is provided in Table 3.14.  The estimates of biomass and economic values for individual 
species and species groups are shown in Tables 3.15 and 3.16).  
 

Table 3.14 - Overall impingement losses as numbers impinged, biomass and annual 
economic cost, the latter as computed as specified in COMAR 08.02.09.01 and COMAR 
26.08.03.05. 

Impingement Loss for  
Actual Circulator Flow 

Type 1978 2005
Number (N)  256,112 658
Biomass (kg) 3,800 190
Value $11,282 $193

 
 
In 2005-2006, carp and goldfish made up 59% of impingement numbers, 94% of impingement 
biomass but only about 30% of monetary loss due to impingement.  The latter was associated 
primarily with losses for recreationally important species.  Largemouth bass and smallmouth 
bass made up 10% of impingement numbers, 2% of impingement biomass and 40% of the 
monetary loss due to impingement. 
 

Table 3.15 - Estimated annual impingement biomass at Dickerson for 1978 and 2005 - 2006. 

Annual Impingement Biomass (kilograms) 
1978 2005 

Species Actual 
Circ. 
Flow 

Max  
Circ. 
Flow 

Actual 
Circ. 
Flow 

Spotfin shiner 44.4 0.4 0.4

Spottail shiner 1,314.4 0.0 0.0

Carp ? 208.0 173.9

Goldfish ? 5.0 4.1

Channel catfish 578.6 0.6 0.5

Sunfish (all species) 283.0 6.9 6.6

Smallmouth bass 13.1 0.5 0.5

Largemouth bass ? 3.5 3.4

Total 3,799.9 224.9 189.5
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Table 3.16 - Estimated annual impingement monetary value at Dickerson for 1978 and 
2005-2006. 

 

Annual Value (Dollars) 
1978 2005 

Species Actual
Circ. 
Flow 

Max  
Circ. 
Flow 

Actual 
Circ. 
Flow 

Forage fish $244 $0.15 $0.12

American eel $146 0 0

Carp $143 $68.43 $57.21

Suckers and redhorse $592 0 0

Bullheads (all spp.) $114 0 0

Channel catfish $4,243 $5.74 $5.31

Madtoms $75 0 0

Rock bass $58 0 0

Sunfish (all species) $4,783 $58.12 $54.69

Smallmouth bass $482 $51.67 $50.52

Largemouth bass $54 $25.71 $25.48

Crappie (back and white) $343 0 0

Yellow perch $5 0 0

Total $11,282 $209.81 $193.34
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3.5 Comparison of Entrainment and Impingement Impacts and Overall 
Conclusions. 

The historic impingement impacts were based on the monetary value of the impinged fish, while 
entrainment impacts were evaluated based on fractional reductions in fish populations. This 
difference in metrics makes comparisons of entrainment and impingement difficult.  Therefore a 
biological comparison based on a single metric (i.e., equivalent adult channel catfish losses due 
to entrainment and impingement) was done and the results are provided in Table 3.17.  This 
comparison suggests that for the prior study, entrainment and impingement impacts were 
comparable.  For the recent studies, it appears that the entrainment impact (i.e. equivalent adult 
channel catfish loss) remained the same but impingement impact was greatly reduced.  The 
overall equivalent adult loss, summed over impingement and entrainment, was reduced by 
50.3%. 
 

Table 3.17 - Mid-point estimates of equivalent adult losses for channel catfish for historic 
and recent entrainment and impingement studies.  Computations for entrainment are 
illustrated in Table 3.11 and those for impingement, in Table 3.18. 

  Historic Recent
Entrainment 3,379 3,379
Impingement 3,428 4
Sum 6,807 3,383

 
 
For the SNAC entrainment impact evaluation, the worst case flux method results were 
unchanged since there was no new relevant information.  There could be some reductions in 
impacts for regional population method, but there was insufficient information for analysis.    
Even if there were no reductions, the regional population results indicated losses were less than 
5% for any species.  There were substantial reductions in estimates of actual numbers of early 
life phases of fish that were entrained.  The reductions were primarily for forage fish species 
such as spotfin shiner and spottail shiner.  The overall annual entrainment number was reduced 
by 72% 
 
Impingement impacts, measured by a variety of metrics (including numbers biomass and 
economic value) were all greatly reduced.  Overall estimated annual impingement numbers were 
reduced by 99.7%.  The overall impingement rate was about two fish per day and the economic 
value of the loss was less than $200 per year. 
 
One species, the comely shiner, which is listed in Maryland as threatened, is found in the 
Potomac River near the intake.    However, none were collected in the recent entrainment and 
impingement samples (see Appendix 1 of Attachment A for more discussion) although one 
specimen was tentatively identified in the prior entrainment study.  No endangered species and 
no federally protected species were found. 
 
Based on the results of the recent study and analysis provided there are no apparent changes to 
suggest the prior MDE §316(b) compliance determination should be changed.     
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Table 3.18 - Mid-Point equivalent adult loss estimates for channel catfish due to 
impingement.  See Table 3.11 equivalent adult loss estimates for entrainment.  Fractional 
survival estimates computed as described in Attachment A, Appendix 2.  Estimates of 
numbers impinged (highlighted in yellow) are from Table 3.13 and assume equal 
representation of Ages 0 to 2. 

Study Age 

Age 0 Age 1 Age 2 Age 3 Age 4  
(Age at Maturity)

Fractional Survival 

0.04007 0.54881 0.54881 0.54881   

Potential Natural Survival Numbers 

Age 0 

5,628 225.51 123.76 67.92 37.38

Fractional Survival 

  0.70869 0.54881 0.54881   

Potential Natural Survival Numbers 

Age 1 

  5,628 3,988 2,189 1,201

Fractional Survival 

    0.70869 0.54881   

Potential Natural Survival Numbers 

Age 2 

   5,628 3,988 2,189

Historic  
(1978) 

Sum         3,428

Fractional Survival 
0.04007 0.54881 0.54881 0.54881   

Potential Natural Survival Numbers 

Age 0 

7 0.28 0.15 0.08 0.05

Fractional Survival 
  0.70869 0.54881 0.54881   

Potential Natural Survival Numbers 
Age 1 

  7 5 3 1.5

Fractional Survival 

    0.70869 0.54881   

Potential Natural Survival Numbers 

Age 2 

   7 5 2.7

Recent  
(2005-2006) 

Sum         4.3
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4 EVALUATION OF ALTERNATIVE FISH 
PROTECTION TECHNOLOGIES 

Even though the analysis of current levels of impingement and entrainment suggest no change in 
the prior §316(b) determination for Dickerson is warranted at this time, Mirant has conducted an 
evaluation of potential fish protection technologies and operational measures.  This will allow 
Mirant to comply with revised §316(b) Phase II regulations in a timely manner.  Since Dickerson 
both historically and under the Phase II Rule was subject to both impingement mortality and 
entrainment reduction requirements, Mirant evaluated technologies that would address both 
types of losses.  Generally technologies and operational measures that reduce entrainment also 
provide a benefit to impingeable-sized fish.  However, since entrainable life stages are only 
present about half the year and a revised rule may have more stringent requirements for 
impingement than entrainment, impingement mortality reduction-only technologies were also 
evaluated.  Mirant engaged Alden Research Laboratories Inc. (Alden) to conduct the evaluation 
and the results are summarized below and in a detailed report provided as Attachment B.    

4.1 Entrainment Reduction 

The following options have been used to reduce entrainment at one or more electric generation 
facilities: 

 Aquatic Filter Barrier (AFB) 

 Change in Intake Location 

 Fine-mesh Traveling Screens 

 Narrow-Slot Wedgewire Screens 

 Reduction in Cooling Water Pump Use 

 Closed-cycle Cooling 

Alden Research Laboratory evaluated each of the alternative fish protection options.  Two 
options, AFB and change in intake location, were eliminated from further consideration as 
discussed briefly as follows: 

Aquatic Filter Barrier - The single full-scale deployment of this technology at an electric 
generating station has been at Mirant’s Lovett Generating Station on the Hudson River in New 
York.  Unfortunately this technology is infeasible due to the shallow water in the Potomac River 
in the vicinity of Dickerson.  The technology requires use of a large surface area to reduce the 
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through-net water velocity relative to the ambient current velocity.  It is estimated that in order to 
achieve the necessary through-net velocity, the AFB would have be well over 0.5 miles in length.  
Achieving uniform flow through a barrier of this size would be very difficult if not impossible.  
A net of this size would also be unlikely to be permitted due to obstruction to river navigation.  
Due to these issues the AFB is considered impractical for use at Dickerson and was eliminated 
from further consideration. 

Change in Intake Location - For some waterbodies densities of entrainable life stages vary 
significantly depending on depth and proximity to the intake.  For example, on some of the Great 
Lakes and in the lower Mississippi River, densities of organisms offshore are significantly less 
than along the shoreline.  In such situations extending the intake to withdraw cooling water from 
these low density areas can reduce entrainment by 50% to 90%.  The results of historic studies 
indicate that there could be some reductions at Dickerson as well since entrainment densities and 
near-shore densities for some species such as spottail shiner and tessellated darter in the Potomac 
River were 2 to 4 times higher than in the channel (Table 2-1 of Attachment A).  However, 
densities of other species were more evenly distributed across the river (carp and spotfin shiner) 
or were higher in the channel (channel catfish).  Without more recent data on the lateral 
distribution of fish larvae potential effectiveness of this option would be questionable.  While 
building a new screenhouse in the middle of the river was not considered practical; an offshore 
intake could potentially be beneficial.  For example, Narrow-Slot Wedgewire Screen technology 
(described in Section 4.1.2) installed off shore could have added effectiveness due to minimizing 
the numbers of certain species of fish actually making contact with the screens. 

The remaining four alternatives are discussed in more detail as follows:   

4.1.1 Fine-mesh Traveling Screens  

Mode of Operation – This technology protects fish eggs and larvae by collection and transport 
back to the source waterbody in a manner designed to maximize survival.  The collected larvae 
must be returned to a location that minimizes risk of re-entrainment.  Fine-mesh screens have 
been used at a number of facilities in both fresh and salt water and provide a benefit to both 
entrainable and impingeable-sized organisms.    

Design Considerations for Dickerson - There are a variety of screen types including modified 
Ristroph screens, rotary screens (i.e. Geiger Screens) and dual-flow screens.  Mirant is currently 
participating in EPRI research on fine-mesh screens.  Based on study results to date, performance 
would likely be similar for any of these screen types.  Typically fine-mesh traveling screens are 
designed for an average approach velocity of 0.5 ft/sec. However, EPRI research indicates that 
good survival may be achieved for some entrainable species and life stages at velocities of 1.0 
ft/sec. Dickerson’s approach velocity to the existing traveling screens is 0.9 ft/sec.  Therefore, 
the analysis for this technology assumes a new intake designed to achieve a 0.5 ft/sec approach 
velocity would be necessary.  A new screenhouse would be built directly in front of the existing 
screenhouse.  This screenhouse would have nine - 14 ft wide screens for condenser cooling and 
service water.  A mesh size of 0.5 mm is proposed.  Screens would need to be rotated 
continuously in order to return collected fish eggs and larvae to the Potomac as soon as possible.  
A low-pressure screen wash would be needed to gently rinse any fish off the screens and into the 
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fish return sluiceway.  However, use of a high-pressure wash would also be necessary to ensure 
removal of leaves and other debris.  A new fish-friendly return sluiceway, to return fish to the 
Potomac (approximately 200 ft downstream of the intake) is proposed to minimize risk of re-
impingement and/or re-entrainment.  Because of the need for a new screenhouse to reduce water 
velocity, the estimated capital cost of this option is approximately $28 million. 

Performance - A disadvantage of fine-mesh screens is that the organisms come in direct 
contract with the screens and the early larval development stages are particularly vulnerable to 
mortality (e.g. yolk-sac larvae).  Generally, survival increases as a fish grow.   

The effectiveness of fine-mesh screen systems is measured in two ways: collection efficiency 
and survival.  Fine-mesh screens prevent the entrainment of most entrainable finfish species and 
lifestages.  However, efficiency is dependent upon the size of the organisms and the mesh size 
used.  A detailed discussion of the predicted efficacy of fine-mesh screens with the species and 
lifestages commonly entrained at Dickerson is presented in Appendix C of Attachment B.  Based 
on the size of organisms typically entrained, these screens would be effective in preventing most 
entrainment (i.e. greater than 80% for most species).  One notable exception is common carp, 
which is estimated to be entrained in high numbers though a 0.5-mm mesh size.  However the 
bigger performance problem for use at Dickerson is the expected low post-collection survival for 
most larvae.  Based on existing literature, the expected survival of the dominant entrained 
species (i.e. greenside darter, spotfin shiner, bluntnose minnow, spottail shiner, tessellated darter 
and common carp) is expected to be less than 50%.  A single dominant species, channel catfish, 
is expected to have a high survival rate (91.5%) and members of the family Catostomidae (also 
entrained at Dickerson) are expected to have post-collection survival greater than 50%.    
Because of the overall uncertainty regarding performance, including uncertainty regarding the 
need for a new intake if existing velocities achieve adequate survival, it would be advisable to 
perform site specific survival studies prior to use of this option.  This should include a more 
definitive study of entrainment survival under existing conditions to determine if expanding the 
intake would significantly improve survival. 

Post collection survival of juvenile and adult fish is expected to be higher.  Based on available 
literature, the post collection survival of all of the commonly impinged species at Dickerson 
should exceed 80%.   

In summary, the survival of impinged larvae and other early life stages for this technology is 
very species and lifestage specific.  Based on data from other sites and laboratory testing the 
survival of commonly entrained species is expected to be fairly low.  However fine-mesh screens 
may be a good retrofit option if site-specific pilot studies demonstrate adequate survival to meet 
revised Phase II requirements for the existing intake velocities and survival is greater than 
survival rates discussed in Section 3.4.1.2 (assuming the revised Phase II Rule allows 
consideration of entrainment survival. 

4.1.2 Narrow-Slot Wedgewire Screens  

Mode of Operation – Narrow-slot wedgewire screens act as an exclusion device to prevent fish 
eggs and larvae from being entrained.  Performance in reducing entrainment is significantly 
enhanced if there is an ambient current velocity that exceeds the through-screen velocity to carry 
entrainable life stages past the screen modules.  There are a number of deployments of this 
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technology including, the Benning Road Station in Washington, D.C. which uses 1 mm narrow-
slot screens.  

Design Considerations for Dickerson - This technology may be potentially feasible for use at 
Dickerson, however, deployment would be challenging due to low river water levels during the 
summer and the bedrock substrate in this area of the Potomac River.  Additional concerns are 
heavy debris loads, especially during the fall when leaves are an issue and large debris such as 
tree trunks during flooding and ice flows during winter.  Alden assumed that stainless steel, Z-
alloy (an antifouling copper alloy) screen modules would be used; however, verification would 
be required that use of this material would not result in any exceedance of Maryland’s water 
quality criteria for copper.  The proposed deployment design would consist of 26, T-72 (72 inch 
diameter) screens with 0.5 mm slot openings.  The screens would be mounted to 6 ft diameter 
intake pipes buried in front of the existing screenhouse.  To ensure there is adequate water depth 
at the screens, the river bottom would need to be dredged to El. 178 ft and one of the debris 
deflector groins removed.  Construction would require removal of an estimated 14,450 cubic 
yards substrate.  Since the screens would be below the natural river grade, monitoring of 
sedimentation would be required and periodic hydraulic dredging may be required to remove 
build-up of silt and debris.  The intake pipes would discharge into a common plenum created in 
front of the screenhouse to ensure even flow distribution to all circulating water pumps.   
 
Screen module cleanliness would be maintained using an air backwash system and the ambient 
water current should carry away material backwashed from the screens.  Emergency bypass gates 
are incorporated into the design in the event adequate cooling water flow cannot be maintained 
through the screens.  In order for this backup mode to function, the existing traveling water 
screens would remain in place.  The estimated capital cost for this option is approximately $19 
million.  Prior to moving forward with this option a more detailed bathymetric analysis would be 
required in the area of the intake to ensure adequate depth would be available during low flow 
conditions.  
 
Performance – Two key factors dictate performance for narrow-slot wedgewire screens. The 
first is that the through-slot velocity and ambient velocity (also referred to as channel or 
approach velocity) have been positively correlated with slot velocity and inversely related to 
ambient velocity (Hanson et al. 1978; Heuer and Tomljanovich 1978).  Generally, the greater the 
ambient current velocity relative to the through-slot velocity, the better the performance.  In 
laboratory studies (EPRI 2003) it was demonstrated that as the ratio of ambient velocity to slot 
velocity increases, entrainment and entrapment of entrainable life stages on the wedgewire 
decreases.  Due to the continuous unidirectional flow in the Potomac in the vicinity of 
Dickerson, sweeping flow should be fully adequate to achieve good performance.  A second 
consideration is the size of larvae relative to the slot size.  Alden used head capsule depth data 
developed for the fine-mesh screen option to estimate the physical exclusion for dominant 
Dickerson entrained species.  Since both fine-mesh traveling screens and narrow-slot wedgewire 
are based on 0.5 mm, the same results are applicable.  A detailed discussion on predicted 
exclusion of commonly entrained species at Dickerson is provided in Appendix C of Attachment 
B.  In addition, this technology was the only pre-approved technology for entrainment 
(Compliance Alternative 4) in the Withdrawn Rule.   
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Because the proposed design for Dickerson uses a maximum through-screen design velocity that 
does not exceed 0.5 fps, this option would be highly effective for impingeable-sized organisms.  
Under the Withdrawn Rule this low design velocity resulted in automatic compliance for 
impingement.   
   
In summary, if more detailed bathymetry studies and siltation analysis verify adequate depth to 
make deployment feasible, this would likely be the best performing alternative fish protection 
technology for reducing both impingement and entrainment.     

4.1.3 Reduction in Cooling Water Pump Flow  

Mode of Operation - The Phase II Rule used an assumption of proportionality between cooling 
water flow and entrainment.  This is a generally a reasonable assumption.  There are two 
methods commonly considered to reduce cooling water pump flow.  The first is to reduce use of 
one or more pumps during periods when entrainable life stages are present and the second is to 
install variable frequency drives (VFDs) on pumps to achieve a finer level of flow control.  
Mirant has direct experience with this technology due to installation of VFDs at its Pittsburg and 
Contra Costa facilities in California for impingement mortality reduction of striped bass. 
However, there is a direct relationship between cooling water flow and the ability to generate 
electric power as a result of reduced heat rate efficiency. 

Design and Operation Considerations for Dickerson – Dickerson’s existing cooling water 
pumps are designed to operate at either high (105.8 cfs) or low (59.0 cfs) speed.  The result is a 
high degree of operating flexibility in terms of flow with the ability to operate: 

 both pumps per unit at high speed,  

 one pump per unit at high speed and 

 both pumps at low speed.   

Currently Dickerson reduces the cooling water flow during the winter and spring when large 
debris and ice could damage the intake structure.  Because of the degree of flow reduction 
flexibility at Dickerson use of variable speed drives was not evaluated.  Therefore an advantage 
of this option would be no new capital cost.  However, Dickerson’s OTC Units are baseloaded 
and during the summer any flow reduction could result in significant lost revenue and failure to 
meet PJM dispatch needs. 

Performance – Almost 88% of the entrainment at Dickerson takes place between mid-May and 
the end of July (Table 2-6 of Attachment A).  As discussed, Dickerson’s OTC Units are 
baseloaded and the period of peak energy demand is during the hot summer months that can 
include the latter part of June and July.  However, almost 58% of the entrainment occurred 
during a three week period from the last week of May to Mid-June when some level of reduction 
may be possible.  Further, as discussed in Section 3 (Table 3.9) entrainment rates are 
significantly higher during the night when load demand generally drops.  Because of the nature 
of Dickerson’s operation as a baseload facility it is unlikely that a high level of flow reduction 
can be achieved without significant impacts to facility generation.  However, there is some 
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potential for use of this option and a more detailed analysis of annual variability relative to 
operational power demand would also be required to quantify actual fish protection performance.   
 
Alden’s flow reduction analysis also considered a reduction in design flow based on the Phase II 
Rule’s application of the entrainment reduction requirement only to facilities that used more than 
5% of the mean annual flow.  While Dickerson, based on the last ten years of flow data, does 
exceed the 5% criterion, the exceedance is less than 2%.  Should the revised Phase II Rule 
continue to use the 5% criterion, Mirant may consider a modification to reduce design flow.  
There are a number of options that could be used with one example being to operate two units 
with one pump at high speed and the third unit at full flow.  Operating in this fashion would 
result in a total circulating water withdrawal of approximately 480 cfs.  This flow is only a 24% 
reduction from full flow (635 cfs) but drops the facility’s water use to 4.5% of the average 
annual river flow.  However, operating in this manner would result in a reduction in generation 
when both generation and water temperatures are peaking.   
 
In terms of impingement, reducing flow was also assumed in the Phase II Rule to reduce 
impingement mortality but the relationship is not directly proportional due to other factors.  
Based on existing information it is not possible to quantify the impingement reduction benefit for 
cooling water pump flow reduction at this time. 
 
In summary flow reduction may be a viable alternative for entrainment reduction at Dickerson.  
While there would be no capital cost associated with use, because of the baseloaded nature of 
Dickerson’s operation, the cost in terms of lost power generation revenue could be significant.  
As a result, a more detailed analysis of annual variability in egg and larval fish densities relative 
to PJM generation demand would be necessary to quantify the degree to which flow can be 
reduced and the impingement reduction benefit is also unclear.   

4.1.4 Closed-cycle Cooling  

Facilities that employ closed-cycle cooling were considered to be in automatic compliance with 
the Phase II Rule as well as under BPJ prior to the withdrawn Rule.  However, the Phase II Rule 
was not based on closed-cycle cooling as BTA.  This technology has a very high capital cost, the 
highest of any other available alternative.  According to EPRI’s current retrofit cost estimating 
model for fossil facilities, assuming the retrofit was of average difficulty, a retrofit for all three 
OTC Units with mechanical draft cooling towers would have a capital cost on the order of $158 
million.  In addition, there would be an energy penalty due to the parasitic use of electricity by 
the cooling tower pumps and fans.  And finally, cooling towers have their own environmental 
and social impacts.  Mirant is currently participating in a National EPRI study to inform the EPA 
rulemaking relative to designation of closed-cycle cooling as BTA.  These projects are designed 
to document the ability of facilities/units to bear the cost of retrofits, quantify impacts to energy 
production and efficiency and quantify their adverse environmental and social impacts.  These 
are all factors that the Second Circuit indicated that EPA could use to reject closed-cycle cooling 
as BTA.  Interim Phase 1 reports have been provided to EPA headquarters staff and final reports 
are scheduled for release by the end of the first quarter of 2009. 
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4.2 Impingement Mortality Reduction 

There is a fairly wide range of impingement mortality reduction technology and operational 
options.  Alden, after considering available technology options, identified three for potential 
application at Dickerson.  Excluded from consideration was use of behavioral devices and 
diversion systems.  There are a limited number of species that tend to respond to behavioral 
devices and those species do not dominate impingement at Dickerson.  Diversion devices also 
tend to be species specific and other options are considered to be better performing and more 
cost effective.  The three options considered as feasible, practical and providing reasonable 
performance are coarse-mesh traveling screens, wide-slot wedgewire screens and a barrier net, 
each of which is discussed below. 

4.2.1 Coarse-mesh (9.5 mm) Traveling Screens with Fish Protection 
Features 

Mode of Operation – The mode of operation for this impingement mortality reduction option is 
the same as for entrainment (i.e. it is based on collection and transport back to the source 
waterbody in a manner designed to maximize survival).  A return location to the Potomac would 
be needed downstream at a location that would minimize risk of re-entrainment.   

 
Design Considerations for Dickerson - The existing traveling water screens would be replaced 
with new, state-of-the-art, coarse-mesh (9.5 mm) screens with fish protection features.  Except 
for the mesh size and use of the existing screen house, these screens would be identical to the 
traveling screens described for entrainment reduction.  A new fish and debris trough would be 
needed that would slope gently down to the river.  The discharge location of the trough would 
have to be carefully chosen to reduce the potential for re-impingent and would be located 
downstream of the existing intake structure.  Since a new intake structure would not be required 
the estimated capital cost, approximately $10 million, is almost a third the cost of the fine-mesh 
screen option. 
 
Performance – For the recreationally important species including catfish, centrarchids, and 
redhorse survival should be relatively high and well within the range of the Rule impingement 
mortality reduction performance standard.  For cyprinids that include minnows, carp and 
goldfish survival is estimated to be somewhat less, but should still approaching if not exceeding 
80%.  There is, of course, no benefit to entrainable life stages. 
 
In summary, coarse-mesh traveling water screens would be a relatively low cost impingement 
mortality reduction alternative. 

4.2.2 Wide-slot (9.5 mm) Cylindrical Wedgewire Screens 

Mode of Operation – As described for entrainment, cylindrical wedgewire screens act as an 
exclusion device using a low through-screen velocity to prevent impingement on the screen 
modules.    
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Design Considerations for Dickerson - Seven, T-72 (72 inch diameter) screens with 9.5 mm 
slot openings would be required to accommodate the cooling water flow for Units 1, 2 and 3.  
The screens would be mounted on screen guides to a new sheetpile wall in front of the existing 
screenhouse.  Generally the same issues discussed for the narrow slot version would apply here; 
however, the issues are not as significant due to the fewer number of screens required and larger 
slot size.  An air backwash system would be the primary method to remove debris and organisms 
impinged on the screens.  With the screens mounted on slide gates they could be removed and 
manually cleaned as necessary.  This would also allow the screens to be lifted out of the way to 
remove silt from the deployment location.  The increased open area of the wide-slot screens 
would reduce the potential for plugging, however, the operational and maintenance issues 
associated with narrow-slot screens would still be applicable.  Also the same concerns over 
adequate depth are applicable for wide-slot screens such that a more detailed bathymetric and 
siltation analysis would be needed prior to deployment.  If feasible, the estimated capital cost for 
the proposed design would be approximately $9.4 million. 
 
Performance - Wide-slot cylindrical wedgewire screens would not exceed 0.5 fps through-slot 
velocity and would have resulted in automatic compliance for impingeable sized organisms 
under the withdrawn Rule. 
 
In summary, if feasible, wide-slot wedgewire screens would be the best performing alternative 
fish protection technology for impingement. 

4.2.3 Coarse-mesh (6.4 mm) Barrier Net  

Mode of Operation – This option is also an exclusion technology and protects fish using a low 
through-net velocity and can be designed not to exceed 0.5 fps.  Mirant has direct experience 
with use of barrier nets since they are used at Mirant’s Chalk Point Station on the Patuxent River 
and the Bowline Station on the Hudson River in New York.  There are over a dozen barrier net 
installations around the country. 
 
Design Considerations for Dickerson – While there are a fair number of barrier nets in use 
around the country, such nets have not been used on free flowing rivers such as the Potomac in 
the vicinity of Dickerson.  EPRI is currently working on suitable designs for riverine 
environments such as Dickerson and Alden believes a coarse-mesh barrier net could be installed 
at Dickerson.  However the design proposed would not be for year-round deployment.  The net 
would only be deployed from May through October.  A net approximately 430 ft long would be 
needed assuming an average water depth of 6 ft at low water.  This net could be installed just 
downstream of the southernmost groin and stretch across the CWIS to the shore downstream of 
the screenhouse.  To achieve a 0.25 ft/sec approach velocity (i.e. is approximately 0.5 fps 
through-mesh) at full flow, the river bottom at the proposed net location may need to be dredged 
or the length of the net increased.  The net would have 0.25 inch (6.4 mm) openings, to allow the 
material to stretch without expanding beyond 0.38 inch (9.5 mm).  The approximate capital cost 
of the proposed design is less than $800,000. 
 
Performance – The 6.4 mm mesh size proposed should exclude all impingeable-sized fish with 
the exception of spotfin shiner.  A somewhat smaller mesh size would therefore be needed to 
exclude all species.  The correct mesh size in combination with a through-net design velocity less 
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than 0.5 fps would result in a high level of performance over the period of net deployment.  
However, due to the current seasonal impingement pattern, overall performance would be less 
than 50% unless the period of deployment could be extended to March which may be possible in 
some years.   
 
In summary the barrier net is the lowest cost alternative but performance is limited due to the 
limited period of deployment. 



 

5 BEST PROFESSIONAL JUDGMENT DECISION 
MAKING CONIDERATIONS 

Mirant has prepared this document to inform MDE’s §316(b) BPJ decision making.  Important 
considerations for that decision making are as follows: 

1. An impingement study was conducted from April 12, 2005 to June 6, 2006.  This study 
determined the current annual impingement estimate to be 658 fish based on actual cooling 
water flow and 760 fish based on design flow.  As a percentage based on actual flow the 
dominant impinged species were carp (48.6%), sunfish (21%), goldfish (10%) and 
smallmouth bass (7.7%) and a variety of small forage fish (7%) which together made up over 
94% of the annual impingement.  No federal or Maryland protected species were impinged or 
entrained. 

  
2. Results of the recent entrainment study conducted in 2005 resulted in a current entrainment 

estimate of 13.3 million fish based on actual cooling water flow and 13.5 million based on 
design flow.  Dominant species entrained included common carp (19%), spottail shiner 
(17%), tessellated darter (14%), spotfin shiner (12%), and channel catfish (7%).    

3. Overall, impingement and entrainment was significantly lower than observed in studies 
conducted in 1978 with an approximately 72% reduction in entrainment and a 99.7% 
reduction in impingement.  However, there was no significant change in Dickerson’s 
operation or cooling water flow between the two studies.  Contributing factors to the change 
are believed to be some combination of natural variability, change in habitat (abundance of 
SAV), turbidity and differences in sampling methods. 

4. Based on an analysis of entrainment results that included re-analysis of 1978 entrainment 
data, some key findings were that: 

 Prior entrainment survival data qualitatively suggests that there may in fact be 
substantial survival (overall survival approximately 87%) for entrained 
organisms prior to the early part of June when the bulk of entrainment occurs.  
While there is nothing to prevent consideration of entrainment survival under 
BPJ it is still unclear to what extent consideration of entrainment survival will be 
allowed under a revised Phase II Rule. 

 Equivalent adult losses were estimated for channel catfish, one of the dominant 
entrained species.  Based on available natural mortality data, the estimated loss 
of 1 million larvae and juveniles in both the 1978 and 2005 studies equates to 
approximately 3,379 adult fish for this species.  

 



 
 

 Based on the regional estimate method of population losses, regional fish 
community losses are estimated to be 4.2% for spottail shiner, 2.3% for 
redbreast sunfish, 2% for other sunfish, 1.8% for channel catfish and less than 
1% for all other species.      

These results suggest that no change is warranted in the MDE’s prior determination 
that there is no significant impact to a SNAC as a result of Dickerson’s operations.  

5. Consistent with Maryland regulations for impingement, an economic estimate was calculated 
for the current impingement loss estimate and was determined to be approximately $193/yr.  
The resulting 5 year value for intake modification is therefore less than $1,000.  This is well 
below the prior value of approximately $56,000 for which MDE determined no modification 
to the intake structure could be implemented for that value.  Therefore, no change appears 
warranted to the prior impingement determination under BPJ. 

6. The Supreme Court has decided it will review the Second Circuit Decision on the extent to 
which the cost of compliance can be considered relative to the benefits.  A briefing schedule 
is set for 2008 and the Supreme Court’s ruling on this issue is expected in 2009.  It is 
unlikely that the Supreme Court, which can only select a small portion of the number of 
petitions filed each year, would have selected this issue for review unless it felt the Second 
Circuit Decision was flawed in some manner.  Due to the relatively high cost of entrainment 
and impingement reduction technology options and relatively small losses at Dickerson, the 
Supreme Court review could be significant in terms of Dickerson’s ultimate §316(b) 
compliance under a revised Rule.       

7. EPA initiated work to revise the Federal Phase II Rule in a manner that addresses issues 
raised by the Second Circuit Court.  EPA is scheduled to issue a proposed Rule by the end of 
2008 and a final Rule in 2009.  At this point, it is anticipated that the new rule will be limited 
to use of technologies and operational measures and if performance standard ranges are used, 
the use of the best performing technology in the performance standard range will be required. 

However, it is not clear whether or not closed-cycle cooling will be identified as BTA.  The 
Second Circuit Court determined that EPA could consider three factors as a basis for not 
designating closed-cycle cooling as BTA.  These three factors included: 

a. the industry cannot reasonably bear the cost of retrofits; 

b. impacts to energy production and supply and 

c. adverse impacts associated with retrofits. 

Mirant is one of 30 companies funding a large-scale EPRI research project to provide 
technology information relative to retrofits.  The scope of the project will provide quantitative 
estimates of: 

a. the national cost of retrofits; 

b. the reduction in generation as a result of generation unit retirements and energy 
penalties associated with retrofits; 
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c. impacts to electric system reliability. 

The EPRI research project is national in scope and will provide information for Maryland’s 
facilities including Dickerson.  EPRI has met with EPA Staff working on the Withdrawn 
Rule to discuss the schedule, scope, and approach for the research program and EPA has 
expressed a strong interest in making use of this information in developing the proposed 
Rule. 

8. Mirant has conducted an evaluation of potential intake technologies to reduce impingement 
and entrainment at Dickerson to ensure timely compliance when the revised federal rule is 
issued.  The likely best performing technology identified for entrainment is use of narrow-
slot wedgewire screens.  However, there are significant feasibility concerns due to the 
relatively shallow depth of the river in the vicinity of the intake.  Alternatively fine-mesh 
screens and/or some level of reduced cooling water pump use is also possible.  Several 
impingement reduction-only options were also identified that included modifications to the 
existing screens and fish return system, use of wide-slot wedgewire screens or a seasonal 
barrier net.  Assuming an average cost retrofit, the cost estimate to retrofit Dickerson’s once 
through cooling units with wet mechanical draft towers is $158 million.  This is an order of 
magnitude greater than the cost for what Alden determined to be the best performing 
entrainment option for Dickerson.  Additionally, Mirant is continuing to monitor 
development of alternative fish protection technologies and operational measures through 
participation in EPRI’s Fish Protection Research Program.   

For these reasons Mirant believes that under BPJ, Dickerson’s current cooling water intake 
structure is BTA.  Any requirement for additional fish protection controls should be deferred 
until after the final revised Phase II Federal Rule is issued.  
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1. Introduction 
 
In this impingement mortality and entrainment characterization study report, the results of recent  
impingement and entrainment studies conducted in the free flowing river section of the Potomac 
River in the vicinity of the Dickerson Generating Station (Dickerson Station), which is owned by 
Mirant Mid-Atlantic, LLC (Mirant), are reviewed.   Historic entrainment and impingement loss 
estimates and descriptions of environmental characteristics of the river were provided in the 
Proposal for Information Collection (PIC).  This report provides the results of studies proposed 
in that document. 
 

Field work for the entrainment study was conducted from April to August 2005 by Morgan State 
University for Mirant according to the study plan in the PIC.  The sampling methods used in this 
study were comparable to those used in the historic study in 1978 which was conducted as part 
of a 316(b) demonstration by the Academy of Natural Sciences of Philadelphia (ANSP 1979).  
While the original study was designed to meet the requirements of the Phase II Rule, The 
analytical approach was modified to inform a BPJ §316(b) determination as suggested in the 
PIC.  This approach focuses on a comparison of historic and recent studies.  Also, the 
combination of reduced sampling intensity in the recent study and apparent lower numbers of 
early life phases of fish entrained, led to a scarcity of data in the 2005 study.  Therefore the data 
from both entrainment studies were combined in a joint statistical analysis. 
 

The impingement sampling was conducted by Morgan State University from April 2005 to July 
2006.  While there was also an apparent decrease in impingement numbers in 2005 compared to 
impingement numbers for historic studies in 1976-1977 and 1978, the overall seasonal pattern in 
impingement was relatively consistent between years and it was considered useful to conduct a 
fresh analysis of impingement for the historic and recent studies. 
 

The objectives of the entrainment evaluation were:  
• to estimate numbers of fish entrained by species or species group (i.e. lowest practical 

taxonomic identification level) and life phase by study year based on an overall analysis 
of historic and recent studies and to explore sources of variability in entrainment;  

• to estimate current entrainment for maximum and actual circulator flow assuming 0% 
entrainment survival as specified in the withdrawn rule; and 

• to explore potential decreases in estimated losses due to the possibility of  much higher 
entrainment survival indicated by a preliminary latent entrainment survival study 
conducted in 1978. 

 

The objectives of the impingement evaluation were:  
• to estimate numbers of fish lost from impingement by species and to compare those 

estimates to summary tables for the historic studies; to explore sources of variability in 
impingement; and 

• to estimate the current impingement in terms of numbers of individuals impinged, their 
biomass and economic value. 

 

As it happens, the new estimates of both entrainment and impingement were greatly reduced 
compared to estimates in the historic studies.  Possible reasons for the decrease are explored and 
then historic impact evaluations are reviewed and updated where possible as described in the 
PIC.  
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2. Entrainment 
 
2.1 Field and Laboratory Methods 
 
The sampling methods in 2005 were intended to be comparable with the methods used in the 
1978 entrainment study (ANSP 1979) conducted at the Dickerson Station.  The entrainment and 
river ichthyoplankton sampling were all done from a boat.  The entrainment samples were 
collected in the river at the station discharge.  In the 1978 study, these samples were part of a 
larger set of ichthyoplankton samples collected from the river which included one transect just 
up river of the station intake (Figure 2-1). 
 
Since a joint analysis was done combining data from the 1978 and 2005 studies, the methods 
used in both studies are described below.  The chief differences are reduced sampling frequency 
and restriction of entrainment sampling to the discharge in 2005. 
 
A preliminary latent survival study was included in the 1978 study.  A description of the 
methods for this is included in Section 4.1.2. 
 
Sampling gear.  All sampling in 1978 and 2005 was done by boat with a 0.5-meter diameter 
plankton net with 500-micron mesh, mounted on a stainless steel funnel with an effective mouth 
opening of 0.43-meter diameter.  Sample volume was estimated with a flow meter mounted in 
the mouth of the net.  
 
Sampling locations and schedule.  In 1978, sampling along the transect illustrated in Figure 2-1 
was done immediately before sampling at the plant discharge..  In 2005, sampling was done only 
at the discharge.  In 1978, samples were collected every 33.3 hours from April 23 to July 6, and 
every 66.6 hours from July 6 to August 20, when spawning was less intense.  During the first 
period, five samples, evenly spaced through the diel cycles, were collected each week and in the 
second period, five such samples were collected in two weeks.  This schedule typically resulted 
in 3 daytime samples and 2 nighttime samples per week during the period of intensive sampling. 
 
In 2005, sampling was conducted every other week from April 12 to August 1, except during the 
period from May 9 to June 20, when it was done every week.  Two samples were collected 
during each sampling week; i.e., one sample was collected during the day and the other at night.  
One day sample was missed on July 18, 2005 due to a problem launching the boat. 
 
The main difference between the two years was that sampling during the period of highest 
entrainment rates was five samples per week in 1978 and two samples per week in 2005 
(counting day and night samples separately in each case). 
 
Sample collection.  For both studies, the entrainment collections were made at the end of the 
discharge canal.  Tows were made for 6 minutes at the surface, middle and bottom and the sub-
samples pooled as one sample.  (The total duration of the tows was 18 minutes.).  After the tow, 
the net was washed down carefully with a water pump.  The samples were preserved in 10% 
buffered formalin in pre-labeled sample jars. 
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As a quality control measure in 2005, approximately 15% of the samples were randomly selected 
for duplication by making back-to-back collections at the same location.  A total of 23 samples 
were collected; four of these were duplicated. 
 
In 1978, samples were also collected from the transect above the generating station.  These 
samples were comprised of four subsamples from near-shore zones on each side of the river and 
four from the channel zone. Subsample collecting points in the channel differed with each 
sample and were selected with the aid of a random number table from the locations shown in 
Figure 2-1.  The net was lowered from an anchored boat for 6 minutes at each subsample 
location on the river. The net was held at the bottom, mid-depth and surface for 2 minutes each.  
When the depth was less than 1.5-meters, nets were held for 3 minutes at the surface and 3 
minutes at the bottom.   
 
Field data.  Flow through the net was measured with a General Oceanics 2030 flow meter.  This 
model flow meter has an "odometer" style display that shows the number of revolutions of the 
propeller.  The number of revolutions was noted before and after the tow.   
 
In 1978, the physical parameters including light intensity, turbidity, water temperature and depth 
were measured with each collection at each subsample location. Turbidity was measured with a 
Hach 2100 turbidimeter, and temperature was measured with a YSI Model 44 TD Thermistor. 
Light intensity was measured with a Sekonic L-398 light meter.  Sample values were represented 
as a mean of subsample values.  
 
In 2005, water temperature, turbidity and depth were measured with each sample.  Water 
temperature was measured with a YSI Model 85 meter which was calibrated before each 
sampling event.  Turbidity was determined with a calibrated Hach Model 2100 Turbidity Meter 
within 36 hours of sample collection.  Water temperature was also measured at the intake.   
 
Sample processing.  In 1978, the sampling and laboratory work were both done by ANSP.  In 
2005, the samples were picked at Morgan State University and then sent to ANSP for further 
processing.  Laboratory methods were essentially the same in both studies except where 
specifically noted.   
 
Rose bengal, a protein specific stain, was used to stain the larvae red.  After the formalin was 
rinsed from the sample, the eggs and larvae were picked from the detritus.  All specimens were 
counted by species and developmental category.  Larval suckers were identified to family; 
catfish to species and darters, to species or species group.  Old World carps and goldfish were 
identified to subfamily.  For New World minnows there were three categories - the spottail 
shiner (identified to species), the spotfin shiner/ bluntnose minnow (two species lumped) and all 
other New World minnows identified to subfamily (Actually in 1978, an attempt was made to 
identify these other minnows to species, but those species level identifications are considered 
uncertain).  In this report, all minnow species other than those noted above are identified simply 
as New World minnows.)  Other species were identified to the lowest practical level with the aid 
of standard references such as Lipson and Moran (1974).  For developmental category the 
classification method of Snyder (1976) was used.  This classification method uses fin 
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development as the key determinate.  There was also a protolarvae with yolksac category.  The 
total length of larvae was measured to the nearest 0.1 mm. 
 
For the 2005 study, the data were entered on a printed data sheet.  The entries included the 
sample identification number, sampling date, diel period, sample location, number of organisms 
by taxonomic and developmental category, the initials of the person processing the sample and 
the date that the sample was processed. 
 
As a quality control measure for the 2005 study, all of the sorted samples were checked by a 
person other than the one that did the initial picking.  This involved re-examination of detritus to 
see how many eggs and larvae may have been missed the first time.  Only two larvae were found 
in the second round of sorting.  In addition, four samples were randomly selected by Dr. Richard 
Horowitz to check identifications.  No misidentifications were found. 
 
Computer entry.  Field and laboratory data were typed into a standardized spreadsheet.  All of 
the original data sheets were compared to a printout of the data.  Very few errors were found and 
these were fixed. 
 
Data quality assurance.  The principle biologist observed a sampling event and visited the 
sampling laboratory office to review data entry and record keeping.  It was found that the work 
conformed to the sampling plan and was carried out in a professional manner. 
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Figure 2-1.  Map showing location of the discharge sampling point where entrainment 
samples were collected in 1978 and 2005 and the Potomac River transect where drift 
samples were collected in 2005.  Detail shows the transect subsample locations in the shore 
and channel zones.  Adapted from ANSP 1979. 
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Figure 2-2.  Plankton net used to collect fish eggs and larvae in the vicinity of the Dickerson 

Station by ANSP in 1978 and by Morgan State University in 2005.  Not to scale.  
Adapted from ANSP 1979. 

 
 
2.2 Analytical Methods 
 
The purposes of the analyses included in this report are to estimate the numbers of early life 
phases of fish which were entrained and to provide a sense of the statistical variability of the 
estimates.  Two approaches to estimation were used.  One approach was a simple arithmetic 
computation based on observed data (referred to as a design-based approach); the other was 
based on a statistical model fitted to the data (referred to as a model-based approach).  The 
statistical model has the advantage of interpolating over the time domain on days when 
observations were not taken and also accounts for the statistical distribution of the data and was 
used to compute confidence intervals.   The design-based approach has the advantage of being 
simple to implement and also serves as a check for model mis-specification in the model-based 
approach. 
 
Two variants of entrainment estimates are computed.  In one case entrainment was estimated by 
multiplying the density of fish eggs and larvae (mean number per unit volume) by the design 
condenser cooling water flow.  In a second case, entrainment was computed using actual flow.  
The design flow estimate represents the maximum volume of cooling water that can be utilized 
by the plant and the corresponding entrainment estimate represents the maximum impact that can 
be inflicted by the power plant.  The entrainment estimates based on actual flow represent typical 
entrainment impact anticipated for the Dickerson Station for the foreseeable future.   
Estimates were computed by species or species groups and by developmental phase using both 
the model-based and design-based approaches.   
 
The model-based approach was designed to account for the scant data collected in 2005.  As 
noted above, the day and night discharge sampling in 2005 was done once a week during the 
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period when larvae were expected to be most abundant. It turns out that these were very sparse.   
Even the most abundant species had non-zero data on only two or three sample days. 
 
However, in 1978, much more intensive sampling yielded more informative data which showed 
the seasonal build up and decline of larval densities.  In 1978, there were many samples with 
data and samples were collected from both the river and discharge canal.  A limitation to the 
1978 data summary was that it contained sample level data only for the river sampling (in 
graphical format) and the discharge information was restricted to an overall ratio of discharge 
estimates to river estimates (the discharge densities were similar to densities in the shoal zone 
but higher than the river as a whole because of lower densities in the channel).  Discharge 
densities in 1978 were estimated from the plotted river data which were adjusted using the 
discharge-density-to-river-density ratio.   
 
The data in 2005 were so scarce, a decision was made that it would be best to do a single 
statistical analysis for both years including year as a term in the model.  The idea is that the 2005 
study would be considered as an update to the previous study.  The 1978 data with a higher 
sampling density will enable better estimation of the seasonal pattern and diel differences.  This 
approach is consistent with the idea that under BPJ the analysis is an update of the study that was 
the basis of the previous 316(b) determination. 
 
There were seven species or species groups with data in both studies.  Each species was 
dominated by a single larval phase (Table 2-1).  No sunfish were collected in 2005; and only a 
few sunfish in 1978.  One rock bass was collected in 2005 and two in 1978.  No smallmouth bass 
or largemouth bass were collected in either year. 
 
Adjustment factors for conversion of river densities to densities at the end of the discharge canal 
were available for five of these species in 1978 (Table 2-1).  Adjustment factors were not 
available for suckers or greenside darter.  Therefore two sets of estimates were computed; i.e., 
with and without the adjustment factor.  There was no adjustment factor for the 2005 data since 
samples were only collected at the discharge. 
 
Table 2-1.  Adjustment factors (ratio of entrainment density to river channel density) for 
commonly impinged fish at Dickerson Station 
 

Species Phase 
Adjustment 

Factor  
common carp Protolarvae 1.0 
spottail shiner Protolarvae/ mesolarvae 2.8 
spotfin shiner/bluntnose minnow Protolarvae 1.1 
suckers Mesolarvae   ND 
channel catfish Metalarvae/ small juveniles 0.3 
tessellated darter Protolarvae 2.8 
greenside darter Protolarvae ND 

Egg 0.5 
Protolarvae 1.8 
Mesolarvae   3.7 

All Species 

Metalarvae 0.6 
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Additionally there was a flood in 1978 which reduced the drift of fish larvae at the end of the 
week of May 7 and through out the week of May 14 1978, as illustrated in Figure 2-3.  There 
was a similar reduction in entrainment.  This circumstance was considered too complex to 
include in the modeling approach.  Therefore densities in the aftermath of the flood were not 
included.  Thus the model sampling interpolated over this interval as if there had not been a flood 
leading to higher estimates for 1978 than actually occurred.  This is reasonable because a flood 
of this magnitude is an infrequent event and the goal was to estimate entrainment under typical 
conditions. 
 
Since only a subset of species were amenable to the model-based analysis and because of 
additional uncertainties related to use of a correction factor and the effects of the flood in 1978, 
the model-based estimates are used primarily to provide a sense of the statistical uncertainty of 
the estimates.  The simple design-based estimates are used for the calculation of the entrainment 
summary used for the impact evaluation in Section 4.1. 
 
A Generalized Additive Model (GAM), (Wood, 2006), was fit to the density data.  The GAM 
included a smooth function for sampling day, combined with class variables for year and diel 
period as the primary explanatory variables.  (Smoothing as used here is a statistical method for 
fitting a smooth line through potentially noisy data which allows one to compute a confidence 
interval around that line.)  The statistical distribution used in the model was based on an over-
dispersed Poisson distribution. 
 
The following model was used: 
 

density ~ smooth(day) + year + diel 
 

Where: 
smooth is the smooth function. 
year is a dummy variable1 where 0 = 1978 and 1 = 2005  
diel is a dummy variable where 0 = day and 1 = night.  

 
The same GAM was used for all species with and without the river-density-to-discharge-density 
adjustment.  The appropriate number of knots2 was determined by trial and error and a visual 
inspection of the curve fit to the data.  When fitting the model, individual species terms which 
were not significant were dropped.  Specifically, for the adjusted estimates, year was dropped 
from the channel catfish model.  For the unadjusted estimates, year was dropped from the 
channel catfish and greenside darter models. 
 
Predicted daily entrainment for day and night periods was computed by multiplying the predicted 
density by the corresponding circulator flow volume and the confidence intervals for the 

                                                 
1 In regression analysis it is sometimes useful to modify the form of non-numeric variables, for example diel period 
or study, to allow their effects to be included in the regression model. This can be done through the creation of 
dummy variables whose role it is to identify each level of the original variables separately 
(http://www.stats.gla.ac.uk/steps/glossary/).  

2 The number of knots is the number of points at which sections of the smooth line are joined (Wood 2006). 
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entrainment predictions were computed using the bootstrap method of Wood (2006) in which 
confidence interval estimates are unconditional on original estimates of smoothing parameters. 
 
The model fitting and confidence interval estimation were implemented in R version 2.3.1, 
available at cran.r-project.org, using the mgcv package (Wood, 2006) and reviewed by Dr. Elgin 
Perry, a statistical consultant.  Data and algorithms were provided to him in sufficient detail that 
the work could be reproduced if necessary. 
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Figure 2-3.  Drift rate of Spottail Shiner protolarvae in the Potomac River in 1978.  

 (Adapted from ANSP 1979 Figure V.B-7) 
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3.3 Elements of Entrainment Characterization 
 
To the extent possible, elements of entrainment characterization studies suggested by the 
withdrawn rule that remain useful to inform the BPJ determination are included in the 
characterization as follows: 

1. taxonomic identification of fishes susceptible to entrainment; 
2. note of any protected species (e.g. State or Federal threatened or endangered species) 

which have been entrained or which are susceptible to being entrained; 
3. description of annual, seasonal and diel variations in entrainment;   
4. comparison to historic data (suggested by the rule but not required); and 
5. description of abundance and temporal and spatial variations in abundance of early life 

phases of fish in the Potomac River and consideration of how such variation is likely to 
affect entrainment (based primarily on historic data). 

 
For Item 1, a list of species identified in entrainment samples is included in Table 2-2.  Because 
fish eggs and larvae are difficult to identify a list of all species identified in electrofishing 
surveys is also included in Appendix 1.  For Item 2, a threatened species is found near Dickerson 
(determined from the 2007 list of rare, threatened and endangered fishes by the Maryland DNR 
Natural Heritage Program) and this circumstance is discussed in Appendix 1.  For Items 3 and 4, 
estimates are presented illustrating seasonal and diel variation.  Description of annual variation is 
somewhat problematic because only one year, 2005, was included in the recent sampling.  There 
is, however, a comparison of that year to the 1978 historic sampling.  For Item 5, no new data 
were collected; however, differences between early life phase densities near shore and densities 
in the channel, which were noted in the original 316(b) demonstration (ANSP 1979), are 
reviewed here. 
 
2.3 Entrainment Characterization Results 
 
Table 2-2 lists species and species groups and developmental phases of fish collected in 1978 
and 2005.  Figure 2-4 illustrates typical specimens of the most common species.  Some taxa were 
identified only to family or to other species groupings, e.g. suckers and some sunfish genera; 
while other taxa could include other species, e.g. counts for greenside darter could include shield 
darter.  It was also evident that there were some taxa that were identified to species in the 1978 
study that were not identified in the 2005 study.  This was simply because of a somewhat more 
conservative approach in the recent work.  For example, most eggs were listed as unidentified in 
the 2005 study.  Also there may have been some differences in stage determinations.  In the 1978 
study, most spottail shiner were identified as protolarvae; while in 2005, most were identified as 
mesolarvae.  Also in 1978, most channel catfish were identified as metalarvae; while in 2005, 
most were identified as juveniles.  This is probably an artifact of subjective interpretation of 
stage definition.  This could also be a sampling artifact due in part to lower sampling intensity in 
2005.  Therefore for making comparisons to 1978 data; protolarval and mesolarval spottail shiner 
were pooled and metalarval and juvenile channel catfish were pooled.   
 
Note that few larvae were collected in 2005 compared to 1978.  In 1978 approximately 4,000 
eggs and larvae were collected from the river transect and 2,300 were collected at the discharge 
whereas in 2005 less than 300 eggs and larvae were collected at the discharge (Table 2-2). 
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Table 2-3 shows the densities of eggs and larvae by species or species groups for each sample in 
2005, along with the water quality data (temperature and turbidity) for that sample.  The 
information in this table was reviewed for evidence of relationships between water quality and 
density and for possible changes between 2005 and 1978.  In 1978 it was noted that drift of 
channel catfish increased when turbidity was high (ANPS 1979).  Although data were sparse in 
2005, densities of channel catfish again peaked during a period of relatively high turbidity on 
May 23; however there was another small blip in density on July 3 when turbidity was relatively 
low.  Overall turbidity was low throughout the 2005 study.  In 1978, the median turbidity from 
June 9 to Aug 3 was 25.4 NTU; the interquartile range was 20.4 to 31.5.  In 2005, the median 
turbidity from May 16 to Aug 1, 2005 was 7 NTU and interquartile range was 6 to 8 NTU.  
Perhaps substantially lower turbidity in 2005 contributed, directly or indirectly, to lower drift 
(and consequently lower entrainment) in 2005.  See discussion in Section 4.1.1.  
 
Figures 2-5 to 2-9 illustrate the seasonal and diel densities of larvae collected in 1978 and 2005 
and the model predictions.  Note the unimodal nature of the density predictions.  The decrease 
that would have been associated with the flood (as illustrated in Figure 2-3) was not modeled.  
That is because these are idealized predictions in which densities during and after the flood were 
set to missing.  Thus the model-based estimates are an approximation of what might have 
occurred had there been no flood in 1978. 
 
Densities were higher at night for all species but the magnitude of the differences was highly 
species specific.  For example modeled densities for carp protolarvae were 2.8 times higher at 
night than during the day; while modeled densities for channel catfish metalarvae and juveniles 
were about 64 times higher at night (Table 2-4).   
 
In addition to river conditions, location in the river also affects drift rates and potential 
entrainment rates.  For example in 1978 it was found that densities of larvae near shore were 
more that 2 times higher overall than densities in the channel.  Overall mean densities of eggs 
and larvae over the full sampling period in 1978 was 15 per 100 m3; while densities near shore 
and at the discharge were 37 and 28 per 100 m3, respectively. 
 
As noted in the methods section, entrainment was computed by multiplying the density of eggs 
and larvae at the discharge (number per unit volume) by the volume of water pumped by the 
plant circulator pumps during each diel period and then summing.  Table 2-5 summarizes model-
based entrainment estimates prior to adjustment for differences in river density and discharge 
density in 1978.  Table 2-6 summarizes the estimates after the adjustment.  The upper limits of 
the 80% confidence intervals represent the 90th percentile.  Typically the upper limit was about 2 
times higher than the actual estimate; the range in this uncertainty factor was 1.2 to 2.8, median, 
1.7. 
 
Tables 2-7 and 2-8 show the design-based estimates for each temporal strata in 1978 and 2005. 
These are based on actual circulator flow in both years and include the reduced densities during 
the flood in 1978.  Previous estimates (i.e. estimates in Tables 2-5 and 2-6) were based on the 
maximum circulator flow.   
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A potentially important feature of the entrainment is the wide range of sizes among the species 
entrained.  Note that the mean size of minnow species is approximately 6 and 5 mm in 1978 and 
2005 respectively; while the mean size of suckers and catfish is about 16 and 15 mm in 1978 and 
2005 (Table 2-9).  Given a cubic relationship between length & weight and the more robust body 
form of the catfish and bullheads in particular (Figure 2-4), the differences in length among 
species could indicate a 10-fold difference in individual body weight between minnows and 
catfishes. 
 
The size differences among species could be important for several reasons: 1) the ecological 
effects of entrainment of large individuals with presumably lower natural mortality rates (Sogard 
1997; Fulford et al. 2006) should be greater than the effects of entrainment of smaller 
individuals; 2) current entrainment mortality appears to be species and size specific (as discussed 
in greater detail in Section 4.1.2); 3) some larger species tend to drift almost entirely at night 
which perhaps opens the possibility that diel changes in plant operation could be most effective 
for reducing entrainment of these species (e.g. catfish Table 2-3); and 4) mitigation technologies 
are also typically size specific so that it might make it more practical to target larger species for 
entrainment reductions.  
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Table 2-2.  List of taxa collected in entrainment studies at Dickerson Station in 1978 and 2005  
including the number of specimens collected at the river transect and station discharge. 

 
1978 2005 

Species Phase River Disch. Disch. 

Minnows and carps (Cyprinidae) 

Egg 26 60 0 
Proto 595 221 52 common carp (Cyprinus carpio) 

Juv 0 2 0 

Egg 0 1 6 
Proto 17 22 3 
Meso 1 3 6 
Meta 1 1 0 

native minnow (Leuciscinae) 

Juv 1 0 0 

Egg 709 61 0 
Proto 1055 785 2 
Meso 2 2 44 
Meta 1 4 2 

spottail shiner (Notropis hudsonius) 

Juv 0 0 2 

Egg 14 35 0 

Proto 709 335 34 
Meso 4 6 0 

spotfin shiner / bluntnose minnow 
 (Cyprinella spiloptera / 
  Pimephales notatus ) 

Meta 0 2 0 

Egg 0 0 1 carp/minnow spp. (Cyprinidae) 
Proto 0 0 1 

Suckers (Catastomidae) 

Egg 8 4 0 
Proto 4 0 0 
Meso 87 135 28 
Meta 2 6 9 

sucker spp. (Catastomidae) 

Juv 1 1 0 

North American Catfishes (Ictaluridae) 

Meta 21 14 0 yellow bullhead (Ameiurus natalis) 
Juv 1 0 0 
Meso 1 9 0 
Meta 229 62 0 channel catfish (Ictalurus punctatus) 

Juv 9 3 18 
Meta 2 6 1 

margined madtom (Noturus insignis) 
Juv 2 1 0 

catfish spp. (Ictaluridae) Egg 0 2 0 
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Table 2-2 cont.  List of taxa collected in entrainment studies at Dickerson Station in 1978 and 
2005 including the number of specimens collected at the river transect and station discharge. 

 
1978 2005 

Species Phase River Disch. Disch. 

Sunfishes (Centracrhidae) 

Meso 0 0 1 rock bass (Ambloplites rupestris) 
Meta 1 1 0 
Proto 9 5 0 
Meso 9 0 0 

Meta 4 0 0 
sunfish/crappie (Lepomis/Pomoxis) 

Juv 1 0 0 

Perches (Percidae) 
Egg 8 6 0 
Proto 55 116 11 
Meso 0 1 12 
Meta 0 0 9 

greenside darter  
 (Etheostoma blenniodes) 

Juv 0 0 12 
Proto 377 318 40 
Meso 0 0 1 
Meta 0 1 0 

tessellated darter 
 (Etheostoma olmstedi) 

Juv 0 1 4 

Undetermined 
Egg 11 12 0 
Proto 7 11 0 
Meso 0 2 0 
Meta 0 2 0 
Juv 1 0 0 

  

Undet 1 1 0 

Total 
  All 3,986 2,260 299 
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Table 2-3.  Densities of fish eggs, larvae and juveniles in 2005 samples at Dickerson Station 
discharge summed by family. 
 

Temperature C Turbidity Densities (N/100 m3) 
Date Diel Rep 

Intake Disch. NTU carps minnows suckers catfishes darters Total 
4/12/2005 Day 0 11.5 18.1 12 0 0 0 0 0 0 
4/12/2005 Night 0 11.7 19.9 14 0 0 0 0 0 0 
4/26/2005 Day 0 13.2 21.4 16 0 0 0 0 0 0 
4/26/2005 Night 0 14 22.2 15 0 0 0 0 0 0 
5/9/2005 Day 0 15.1 24.8 7 0 0 0 0 0 0 
5/9/2005 Night 0 15 24.6 6 0 0 0 0 0 0 

5/16/2005 Day 1 15.7 25.4 8 2.10 0 0 0 3.16 5.26 
5/16/2005 Day 2 15.7 25.4 8 3.87 0.97 0 0 0 4.84 
5/16/2005 Night 0 15.9 25.2 8 48.87 98.84 3.26 0 60.82 211.79 
5/23/2005 Day 0 18.1 24.9 17 0 0 0 0 2.07 2.07 
5/23/2005 Night 0 18.2 25.2 15 0 2.23 1.11 14.47 4.45 22.26 
5/31/2005 Day 0 18.9 27.5 9 0 1.11 0 0 5.55 6.66 
5/31/2005 Night 1 21.7 27.1 6 0 0 0.95 0 2.85 3.8 
5/31/2005 Night 2 21.7 27.1 6 0 1.96 5.87 0 15.66 23.49 
6/6/2005 Day 0 24.8 33 5 0 0.74 2.22 0 0 2.96 
6/6/2005 Night 0 25 32.7 8 0 0 6.32 0 0 6.32 

6/12/2005 Day 0 25.9 32.8 8 0 0.71 2.84 0 0 3.55 
6/12/2005 Night 0 26 33.1 8 0 0 5.93 0 0 5.93 
6/20/2005 Day 1 24.3 32.1 7 0 0 0 0 0 0 
6/20/2005 Day 2 24.3 32.1 7 0 0 0 0 0 0 
6/20/2005 Night 0 24.4 33 7 0 0 2.18 3.28 0 5.46 
7/5/2005 Day 0 27.1 34.6 7 0 0 0 1.00 0 1.00 
7/5/2005 Night 0 27.2 34.5 7 0 0 0 0 0 0 

7/18/2005 Day         0 0 0 0 0   
7/18/2005 Night 0 26.1 34.5 39 0 0 0 0 0 0 
8/1/2005 Day 1 27.6 35.2 5 0 0 0 0 0 0 
8/1/2005 Day 2 27.6 35.2 5 1.05 1.05 0 0 0 2.10 
8/1/2005 Night 0 28.8 36 5 0 0 0 0 0 0 
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Table 2-4.  Model predicted mean densities of most common larvae collected at the discharge of 
Dickerson Station during day and night periods in 1978 and 2005.  Mean density was computed 
over the period from April 4 to August 20 in both years.  The model did not include a term for 
interaction between diel period and year so the same night-day ratio was computed for both 
years. 

 

Density (N  / 100 m3) 
Species Phase Year Day Night 

Night:Day 
Ratio 

1978 2.2 6.2
common carp Proto 

2005 0.9 2.4
2.8 

Proto 1978 5.0 23.8
spottail shiner Proto & 

Meso 2005 0.5 2.4
4.7 

1978 1.6 8.9spotfin shiner & 
 bluntnose minnow 

Proto 
2005 0.5 3.0

5.5 

Meta 1978 0.03 1.67
channel catfish 

Meta & Juv. 2005 0.03 1.67
64.1 

1978 1.1 9.3
tessellated darter Proto 

2005 0.3 2.5
8.5 
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Table 2-5.  Model predicted entrainment (millions) and 80% confidence intervals at Dickerson 
Station in 1978 and 2005 for maximum circulator flow.  The 1978 estimates are not adjusted for 
differences between densities of larvae in the river and densities of larvae at the discharge.   
 

Analysis using Unadjusted Estimates for 1978 

Entrainment (Millions) 

80% Conf. Limits 

Species Phase  Year Est. Lower Upper 

1978 7.1 5.6 13.9 
common carp Proto 

2005 2.7 1.5 7.8 
Proto 1978 8.7 7.4 11.3 

spottail shiner 
Proto & Meso 2005 2.4 1.6 4.1 

1978 7.6 5.8 11.5 spotfin shiner &  
 bluntnose minnow 

Proto 
2005 2.9 1.4 7.3 

1978 0.9 0.8 1.1 
sucker spp. Meso 

2005 0.9 0.8 1.1 
Meta 1978 3.8 3.1 6.7 

channel catfish 
Meta & Juv. 2005 1.5 0.8 4.1 

1978 0.5 0.4 NA 
greenside darter Proto 

2005 0.5 0.4 NA 

1978 2.7 2.3 3.6 
tessellated darter Proto 

2005 2.7 2.3 3.6 
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Table 2-6.  Model predicted entrainment (millions) and 80% confidence intervals at Dickerson 
Station in 1978 and 2005 for maximum circulator flow.  The 1978 estimates are adjusted for 
differences between densities of larvae in the river and densities of larvae at the discharge.   
 

Entrainment (Millions) 
80% Conf. Limits 

Species Phase  Year Est. Lower Upper 
1978 7.0 5.4 13.3 common carp Proto 
2005 2.7 1.5 7.5 

Proto 1978 23.0 20.3 28.5 spottail shiner 
Proto & Meso 2005 2.3 1.4 4.5 

1978 8.6 6.8 13.0 spotfin shiner & 
bluntnose minnow Proto 

2005 2.9 1.3 7.2 
Meta 1978 1.3 1.1 2.0 channel catfish 
Meta & Juv. 2005 1.3 1.1 2.0 

1978 8.0 6.9 10.6 tessellated darter Proto 
2005 2.1 1.4 3.7 
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Table 2-7.  Estimated entrainment of common taxonomic and developmental categories at the Dickerson Station in 1978.  High flows 
occurred during the week of May 14 which was coincident with a decrease in entrainment.  River flow data from USGS.  Plant 
circulator flow data from ANSP (1979) Figure V.B-4.  Entrainment calculated from data taken from ANSP (1979) Figures V.B-5 to 
V.B-9. 
 

  Mean flow  Entrainment (millions)   

 Strata (m3/sec) All spp. Common Spottail Spotfin Channel
Tessel-

ated   
First dur. Potomac Plant All eggs carp Shiner shinera catfish darter   

Date (Wks) River  Circ & Larvae Proto Egg Proto Proto Meta Proto Sum Other

4/23/1978 1 280.84 18.16 0.33 0.00 0.07 0.00 0.00 0.00 0.11 0.18 0.15
4/30/1978 1 283.71 17.59 2.03 0.00 0.27 0.98 0.00 0.00 0.52 1.78 0.25
5/7/1978 1 353.80 16.90 2.90 0.00 0.60 1.05 0.00 0.00 0.64 2.28 0.61

5/14/1978 1 2006.53 18.93 0.43 0.00 0.02 0.16 0.00 0.00 0.10 0.28 0.15
5/21/1978 1 596.81 16.53 1.04 0.06 0.02 0.59 0.00 0.00 0.39 1.06 -0.02b

5/28/1978 1 283.66 17.04 8.45 0.96 0.01 7.40 0.00 0.00 0.61 8.98 -0.52b

6/4/1978 1 194.96 18.02 11.71 2.72 0.01 4.60 0.00 0.00 1.38 8.70 3.02
6/11/1978 1 151.19 17.96 7.68 1.04 0.00 1.93 1.27 0.01 1.58 5.82 1.86
6/18/1978 1 133.76 18.00 2.86 0.04 0.00 0.30 1.16 0.06 0.46 2.02 0.83
6/25/1978 1 155.75 12.12 1.38 0.08 0.00 0.00 0.59 0.08 0.11 0.86 0.51
7/2/1978 2 375.76 11.59 2.30 0.07 0.00 0.00 0.50 0.44 0.10 1.12 1.18

7/15/1978 2 146.53 14.37 3.74 0.00 0.00 0.00 2.01 0.09 0.00 2.10 1.64
7/29/1978 2 350.96 16.81 2.91 0.04 0.00 0.00 1.32 0.31 0.00 1.67 1.24
8/12/1978 2 321.23 16.27 0.25 0.00 0.00 0.00 0.14 0.01 0.00 0.16 0.09

Total      48.00 5.00 1.00 17.00 7.00 1.00 6.00 37.00 11.00

Percent    100.00% 10.42% 2.08% 35.42% 14.58% 2.08% 12.50% 77.08% 22.92%
 
a Includes spotfin shiner and bluntnose minnow; these species were not distinguished. 
b Apparent rounding error or error in picking numbers from graphs. 
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Table 2-8.  Estimated entrainment of common taxonomic and developmental categories at  
Dickerson Station in 2005.  
 

Entrainment (millions) 
Mean flow 
(m3/sec) Spotfin 

shinera First 
Date 

 
Strata 
dur. 

(Wks.) 
Potomac 

River 
Plant 
Circ. 

Common
carp

Proto 

Spottail
Shiner

Proto &
Meso Proto 

Channel
catfish

Meta &
Juv. 

Tessell- 
ated 

darter 
Proto Sum Other 

All spp.
All eggs

& Larvae 

4/10/2005 4 313.32 15.13 0 0 0 0 0 0 0 0 

5/8/2005 2 185.03 18.22 2.37 2.11 1.65 0.00 1.87 7.99 1.60 9.59 

5/22/2005 2 269.48 17.45 0 0.05 0.00 0.59 0.02 0.65 1.34 1.99 

6/5/2005 2 139.69 18.31 0 0.05 0 0 0 0.05 0.86 0.91 

6/19/2005 4 130.12 18.28 0 0 0 0.39 0 0.39 0.18 0.57 

7/17/2005 4 128.43 17.87 0.13 0 0 0 0 0.13 0.13 0.26 

Total       2.50 2.20 1.65 0.99 1.89 9.22 4.10 13.32 

Percent       19% 17% 12% 7% 14% 69% 31% 100% 
 

a Includes spotfin shiner and bluntnose minnow; these species were not distinguished. 
 
 
Table 2-9.  Length distribution of common larval species in 1978 and 2005.  Lengths for 1978  
from ANSP (1979).  Sample sizes were considerably larger in 1978 but the actual numbers of  
specimens measured that year were not included in the report. 
 

1978 2005 
Total Length (mm) Total Length (mm) 

Min/Max Min/Max   
Interquartile 

 Range 
Species Mean Min Max Mean Min Max Median Q1 Q3 N

common carp 5.9 5.2 6.7 4.9 3.9 5.5 4.9 4.6 5.2 52
spottail shiner 5.5 4.7 6.4 5.9 3.8 29.5 4.7 4.1 5.4 50

spotfin/bluntnose 5.5 4.7 6.7 4.4 3.5 5.0 4.4 4.1 4.7 34
sucker spp. 14.9 14.4 15.7 15.0 12.4 19.5 14.8 14.1 15.7 37

channel catfish 15.8 14.2 18.1 15.2 14.3 16.7 15.1 14.8 15.4 18
margined madtom 17.2 15.8 19.1 13.5 13.5 13.5 13.5 13.5 13.5 1

greenside darter 7.3 6.9 8.0 10.2 4.8 17.4 9.7 7.4 13.4 44
tessellated darter 5.5 5.1 6.2 5.3 3.9 14.9 4.6 4.3 4.7 45
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Drawn by Mary Fuges. 

 
Figure 2-4.  Representative species and larval phases found in drift and entrainment samples at  
Dickerson Station in 1978.  These same species or related species groups (with the exception of  
bullhead species) were also collected in entrainment sampling in 2005.  Similar species were  
collected in 2005.  (Adapted from ANSP 1979) 
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Figure 2-5.  Comparison of model predictions and observations for common carp protolarva at 
Dickerson Station.  For 1978, the values plotted are river densities adjusted for difference in 
density between discharge and river.  For 2005, the values plotted are the unadjusted discharge 
densities. 
 



- Entrainment - 

 2-22

 

4/16 5/16 6/16 7/16 8/165/1 6/1 7/1 8/1

2005

0

1

5

10

50

500

1000

D
en

si
ty

 (
N

/1
00

 m
^3

)

100

4/16 5/16 6/16 7/16 8/165/1 6/1 7/1 8/1

2005

0

1

5

10

50

500

1000

D
en

si
ty

 (
N

/1
00

 m
^3

)

100

4/16 5/16 6/16 7/16 8/165/1 6/1 7/1 8/1

1978

0

1

5

10

50

500

1000

D
en

si
ty

 (
N

/1
00

 m
^3

)

100

4/16 5/16 6/16 7/16 8/165/1 6/1 7/1 8/1

1978

0

1

5

10

50

500

1000

D
en

si
ty

 (
N

/1
00

 m
^3

)

100

Spottail Shiner

Model prediction

Observation

Protolarva

Protolarva and Mesolarva

Day Night

Day Night

 
Figure 2-6.  Comparison of model predictions and observations for spottail shiner at Dickerson 
Station.  For 1978, the values plotted are river densities of protolarvae adjusted for difference in 
density between discharge and river.  For 2005, the values plotted are the unadjusted discharge 
densities protolarvae and mesolarvae. 
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Figure 2-7.  Comparison of model predictions and observations for spotfin shiner and bluntnose 
minnow protolarvae at Dickerson Station.  For 1978, the values plotted are river densities 
adjusted for difference in density between discharge and river.  For 2005, the values plotted are 
the unadjusted discharge densities. 
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Figure 2-8.  Comparison of model predictions and observations for channel catfish at Dickerson 
Station.  For 1978, the values plotted are river densities of metalarva adjusted for difference in 
density between discharge and river.  For 2005, the values plotted are the unadjusted discharge 
densities of metalarva and juveniles. 
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Figure 2-9.  Comparison of model predictions and observations for tessellated darter protolarvae 
at Dickerson Station.  For 1978, the values plotted are river densities adjusted for difference in 
density between discharge and river.  For 2005, the values plotted are the unadjusted discharge 
densities. 
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3. Impingement 
 
3.1 Field and Laboratory Methods  
 
The impingement sampling methods in the 2005-2006 impingement study were intended to be 
comparable with the methods used in the 1978 study (ANSP 1979) conducted at the Dickerson 
Station.  Methods for both studies are described below.  There was also a low intensity study 
conducted in 1976-1977 which served as a pilot study for the 1978 study.  This pilot study is also 
briefly described because the results were useful for exploring annual variability. 
 
Fish sampling gear.  In both years, nets customized to fit in the screen wash sluiceway were 
constructed.  The mesh was 0.25-inch square mesh; i.e., smaller than the 0.375 inch mesh of the 
intake traveling screens.  
 
Sampling schedule.  For the 2005-2006 study, the samples were scheduled every other week 
from April 12, 2005 to June 6, 2006.  This sampling was conducted for slightly more than one 
year to include a full continuous late winter/spring period, which corresponds to the time when 
impingement was relatively high in previous studies.  There were a total of 30 sampling dates.  
During the period when leaves or other debris clogged the screens, the screens needed to be 
rotated continuously.  This occurred on 9 sampling dates between October 23, 2005 and January 
19, 2006 and again on April 9, 2006.  On the sampling days during the remainder of the year, the 
screens were rotated in the morning, and then sampled after 12 hours and again after 24 hours.  
 
In 1978, sampling was also conducted every other week from January 31 to December 20.  Each 
sample was comprised of eight 1-hour continuous collections every 3 hours for a period of 24-
hours. 
 
Sampling methods.  For the 2005-2006 study, plant staff typically cleaned the screens in the 
morning by rotating them for 2 full screen rotations.  Approximately 12 hours later, the sampling 
crew placed sampling nets in the sluiceway and the screens were rotated again to collect all of 
the fish impinged since the time that the screens were cleaned in the morning.  The crew returned 
the following morning to collect the fish impinged during the next 12 hours.  Almost all the fish 
collected were preserved and processed in the laboratory. 
 
On days when screens were being rotated continuously, typically six one-hour samples were 
collected every four hours.  These collections were considered to be subsamples and sampling 
duration of each subsample was the length of time that sampling nets were in the screen wash 
sluiceway. 
 
Ancillary water quality data were collected next to the intake structure.  River water temperature 
was measured with an electronic temperature meter calibrated before each trip.  Turbidity was 
determined with a calibrated Hach Model 2100 Turbidity Meter within 36 hours of sample 
collection.  
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For the 1978 study, all samples were collected by the subsample method.  Water temperature and 
turbidity were measured with each sample.  The same model turbidity meter was used for the 
duration of the study. 
 
Field data.  For the 2005-2006 study, Field data were recorded on pre-printed data sheets.  
Water temperature, turbidity, and sample duration along with a list of operating circulators and 
operating screens were recorded along with the date and time.   Data for individual circulators 
are not available for the 1978 study. 
 
Fish sample processing.  For the 2005-2006 study, all fish were identified to species using a 
standard reference (i.e., "Freshwater Fishes of Virginia" by Jenkins and Burkhead 1994).  Fish 
were counted by species and the lengths of all individuals were measured.  However, relatively 
few fish were impinged so there is not much data. 
 
For the 1978 study fish were identified in the field by an experienced biologist.  Length and 
weight data were obtained.  Fish weighing 5 grams (g) or less and which were less than 10 
centimeters (cm) in length were weighed as a group, but individual lengths were recorded.  
When more than 50 individuals of a species of small fish were collected, the lengths and the total 
combined weight of 50 randomly-selected individuals were recorded. 
 
1976-1977 pilot study.  A low intensity study was conducted from May 1976 to March 1977; it 
employed similar methods as used in the 1978 study.  The effort, entailing one collection each in 
May, August and November of 1976 and two collections in March of 1977, was a cursory 
investigation of the species, numbers and general condition of fish being impinged by the plant. 
The study was designed to investigate the possibility of impacts which would warrant further, 
more rigorous, investigation.  No estimates of seasonal or annual quantities of impinged fish 
were made for this study.  Nevertheless the results are useful for exploring annual changes in 
impingement during the historic period compared to the larger change which occurred between 
the historic studies and the recent study. 
 
Plant operating data.  For the 2005-2006 study, Mirant provided data indicating circulator 
operation, flow and intake temperature.   
 
Computer entry.  Field and laboratory data were typed into a standardized spreadsheet.  All of 
original data sheets were compared to a print out of the data.  Few errors were found and these 
were fixed. 
 
Data quality assurance.  The principle biologist in charge of data analysis observed two 
sampling events and visited the sampling laboratory office to review data entry and record 
keeping.  All preserved specimens were checked and found to be correctly identified.  Overall, it 
was found that the work conformed to the sampling plan and was carried out in a professional 
manner. 
 
Fish trap studies in the river in 1978.  To determine the relative abundance and distribution of 
fish in the river, and perhaps more importantly the movement of fish, in the general vicinity of 
the Dickerson Station and in the immediate area of the intake structure, 63 fish traps (Fig. 3-1) 
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were deployed in the area from 260 meters (m) above to 165 m below the intake structure as 
shown in Figure 3-1. Forty-five traps were designated "river traps” and were placed directly on 
the bottom near both banks and every 75 m along five transects crossing the river. Eighteen 
“intake traps” were placed in two rows directly in front of the intake; six traps suspended on the 
surface, six suspended at mid-depth and six resting on the bottom.  Preliminary studies indicated 
that surface and mid-depth traps were ineffective when used along river transects, perhaps 
because the current was too strong there. Consistent trap locations were maintained for all 
sampling dates by establishing permanent marker buoys along the transects.  
 
The traps with 5 cm openings were fabricated specifically for this study because the volume and 
openings of commercially available minnow traps were too small.  Larger “minnow traps” were 
believed to be appropriate because they were expected to be more efficient for collecting the size 
group of the most numerous species of fish impinged by the plant.  Spottail shiner, the most 
common fish impinged, ranged from 7 to 10 cm in length, averaging 9 cm.  Channel catfish were 
about 10 cm long, and the sunfish were from 5 to 9 cm long. 
 
A preliminary study indicated that traps baited with raw chicken necks were more effective than 
un-baited traps or traps baited with a ''dough" type bait that eventually disintegrated completely. 
Since the bait remained in the traps for the entire period of deployment, fish could have been 
attracted for the entire 24-hour sampling period.  
 
A separate study indicated that traps above and below the plant discharge collected few fish in 
the summer and fall compared to the catch of traps deployed in the spring.  This suggests that 
traps were probably intercepting migrating fishes particularly spottail shiner.  (Spottail shiner is a 
potamodromous fish which undergoes spring spawning migrations (Levinton and Waldman 
2006).  Assuming that to be the case, un-baited traps would probably be a more direct measure of 
fish migratory movements. 
 
Traps were deployed for 24 hours to coincide with the dates of eight of the impingement studies.  
The samples were collected approximately once a month from April 18 to December 19 with a 
missed sample in July.  Ice in the river and high flows prevented deployment of the traps during 
the early months of the impingement study. Therefore, no collections could be made during the 
period of highest impingement observed in March; however impingement remained high in April 
when the trapping began. 
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Figure 3-1.  Adapted from ANSP (1979).   a.  Sketch of fish trap and  b. Location of fish traps 
sampled in the Potomac River during the 1978 impingement study at Dickerson Station. 
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3.3 Analytical Methods 
 
The purposes of the analyses included in this report are to estimate the numbers of fish impinged 
and to provide a sense of the statistical variability of the estimates.  Consistent with the 
entrainment evaluation, two approaches to estimation were used.  One approach was a simple 
arithmetic computation based on observed data (referred to as a design-based approach); the 
other was based on a statistical model fitted to the data (referred to as a model-based approach).  
Entrainment estimates were computed for maximum circulator flow and for actual circulator 
flow in 2005. 
 
These estimates were also expressed as biomass and the value of the fish impinged.  The value 
was estimated using methods specified in COMAR 08.02.09.01 and COMAR 26.08.03.05 (Table 
3-1 and 3-2).  In 1978, the biomass was estimated directly from the weight data.  In 2005-2006 
the biomass was estimated from length data and length-weight relationships in the online 
database, FishBase.org (Table 3-3).   
 
Because impingement data for the 2005-2006 study were so scarce, initially it was considered 
that the optimal estimates would be based on a single statistical analysis for both studies 
including study as a term in the model.  However, analyses disclosed that the deviance of the 
1978 data (925.69) is greater than that of the 2005-2006 data (4.2655) by a factor in excess of 
200.  Because of this great difference in the variability of the two data sets, it is better to fit 
models separately for each study.   It is believed that the joint and single analysis both offer 
useful perspectives on entrainment.  The seasonality of the estimates is probably better 
represented by the joint analysis and while the overall variability is probably better estimated by 
the separate models for each study. 
 
Due to low numbers of individual fish species impinged in the 2005-2006 studies, the analysis 
was restricted to the total impingement; individual species were not considered in the models.  
 
A Generalized Additive Model (GAM), (Wood, 2006), was fit to the impingement counts 
normalized to full circulator operation for 24 hours.  The GAM included a smooth function for 
sampling day to capture seasonality, combined with a class type variable for study (1978 and 
2005-2006).  (Smoothing as used here is a statistical method for fitting a smooth line through 
potentially noisy data which allows one to compute a confidence interval around that line.)  The 
statistical distribution used in the model was based on an over-dispersed Poisson distribution. 
 
The following model was used: 
 

impingement ~ smooth(day) + study 
 
Where: 
smooth is the smooth function. 
day is the water year day where Oct 1 is day 1.  This starting day put the highest impingent in the  
     center of the day series which made it easier to model the seasonal cycle. 
Study is a dummy variable where 0 = 1978 study  and 1 = 2005-2006 study. 
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Year was not included in the model so that data for 2005 and 2006 were essentially treated as 
replicate data where they overlap. 
 
For the separate analysis by study, the model was: 
impingement ~ smooth(day) 
 
Diel variability in 1978 was also estimated using a dummy variable.  The model for that was: 
 

density ~ smooth(day) + diel 
 
Where: 
diel is a dummy variable where 0 = day  and 1 = night; 
(Samples collected at dawn or dusk were not included.) 
 
The impingement analysis was reviewed by Dr. Elgin Perry, Biostatistical Consultant for this 
project, and modified in response to his suggestions and corrections. 
 
 
Table 3-1.  Monetary value per individual for the 13 fish species and species groups that were 
impinged at Dickerson Station in 1978 and/or 2005 as specified in COMAR 08.02.09.01. 
 

Individual Fish Prices by Size Category 
 

(Total Length in Inches) 

Price 
per 
pound 

Species 
Under 

4" 4"-6" 6"-8" 8"-10" 10"-12" 
Over 
12"

Largemouth bass $0.50 $0.70 $1.10 $1.60 $2.00 $2.50 

Smallmouth bass $1.00 $1.25 $1.75 $2.25 $2.75 $3.50 

Rock bass $0.50 $1.00 $1.75 $2.75 $3.50   

Bullheads $0.10 $0.20 $0.30 $0.40 $0.50 $0.50 

Carp $0.05 $0.05 $0.10 $0.10 $0.15 $0.20 

Channel catfish $0.15 $0.25 $0.35 $0.45 $0.55 $1.00 

Crappie (black and 
white) 

$0.20 $0.40 $0.60 $1.00 $1.50 $2.50 

American eel $0.05 $0.10 $0.30 $0.30 $0.30 $0.50 

Madtoms $0.10 $0.10 $0.10 $0.10 $0.10 $0.10 

Yellow perch $0.15 $0.25 $0.35 $0.45 $0.55 $0.60 

Suckers and redhorse 
 (all species) 

$0.05 $0.10 $0.15 $0.20 $0.25 $0.30 

Sunfish, all species $0.20 $0.35 $1.00 $1.75 $3.00 $3.00 

Forage fish $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
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Table 3-2.  COMAR 26.08.03.05 states that the values listed in COMAR 08.02.09.01.  
shall be weighted by multiplying by the following adjustment factors. 

 

(a) Recreational only 1
(b) Commercial and recreational 1
(c) Commercial only 1
(d) Commercial, recreational, and forage 0.8
(e) Commercial and forage 0.75
(f) Recreational and forage 0.75
(g) Forage 0.75

 
 
Table 3-3.  Length-weight parameters used to estimate the biomass  
of fish impinged.   Weight (grams) = a * Total Length (cm) ** b.   
Parameters a and b from www.FishBase.org accessed August 2008. 

 
Species a b 

goldfish 0.0295 2.9
common carp 0.0155 3
spotfin shiner 0.0269 2.72
spottail shiner 0.0038 3
channel catfish 0.004 3.133
smallmouth bass 0.0188 3.052
largemouth bass 0.0073 3.113
redbreast sunfish 0.0204 3.01
bluegill 0.007 3.209
pumpkinseed 0.0061 3.262
tessellated darter 0.0017 3.2053
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3.3 Elements of Impingement Characterization 
 
To the extent possible, elements suggested by the withdrawn rule that are appropriate to inform 
BPJ decision making are included in the characterization as follows: 

1. taxonomic identification of fishes susceptible to impingement; 
2. note of any protected species (e.g. State or Federal threatened or endangered species) 

which have been impinged or which are susceptible to being impinged; 
3. description of annual, seasonal and diel variations in impingement; 
4. comparison to historic data; and 
5. description of abundance and temporal and spatial variations in abundance of fish in the 

Potomac River and consideration of how such variation is likely to affect impingement 
(based primarily on historic data). 

 
For Item 1, a complete list of species collected in 2005 is included however a detailed list of 
species identified in the 1978 study is not available.  Of course, any species found in the area 
could potentially be impinged.  A complete list of species collected in electrofishing studies is 
included in Appendix 1.   For Item 2, no rare or protected species were specifically identified in 
the ANSP (1979) study or in the current study.  One MD threatened species is found near 
Dickerson; (determined from the 2007 list of rare, threatened and endangered fishes by the 
Maryland DNR Natural Heritage Program); it is discussed in Appendix 1.  For Items 3 and 4, 
information on diel variability is available from the 1978 study but not the 2005-2006 study 
because the 12 hour collection periods in the latter study were not synchronized with day and 
night periods.   Seasonal variability is illustrated for both studies.  Annual variation is explored 
by comparing the results of the pilot study conducted in 1976-1977 with the full study conducted 
in 1978 and comparing that variability with the larger variability between the historic studies and 
the recent study (see section 4.3).  For Item 5, the primary emphasis is on the 1978 impingement 
sampling which was matched with fish-trap sampling from the river.  The fish trap abundance 
data appeared to be a good measure of the abundance or movement of fish in the vicinity of the 
intake and were concordant with the impingement data in terms of numbers and kinds of species 
impinged.  Electrofishing data collected from 1991 to 2000, which were not so concordant, are 
discussed in Appendix 1. 
 
3.4 Impingement Characterization Results 
 
Table 3-4 lists species of fish collected in the 2005-2006 impingement study.  Since few 
specimens were collected the species list is short.  A total of 9 species were collected compared 
to a total of 43 species collected in electrofishing surveys conducted from 1991 to 2000 in the 
vicinity of the generating station.  Any of these species could potentially be impinged.  One 
specimen of comely shiner, which is listed as threatened in Maryland (MDDNR NHP 2007), was 
collected in the electrofishing survey but not in the impingement sampling (see Appendix 1). 
 
Table 3-5 shows the numbers of fish collected in each impingement sample in the 2005-2006 
study, along with the water quality data (temperature and turbidity) for that sample.  Note that in 
most cases all the circulators were operating and the sample was 24 hours in duration.  Where 
this was not the case the data were subsequently normalized to full circulator operation for 24 
hours.  
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Figure 3-2 illustrates the seasonal variation in total impingement for the two studies and the 
model predictions.  The plotted data are color coded by year since the 2005-2006 study had data 
for more than 1 year.  For both studies, impingement was highest in late winter and spring.   The 
model estimates of daily impingement were summed over a full year to obtain the annual 
estimates for both studies.  The estimates were 231,000 for the 1978 study and 749 for the 2005-
2006 study.  In other words, there was an apparent 300 fold decrease between 1978 and 2005-
2006. 
 
The models that were fitted separately for each study and which were used for the confidence 
interval estimates had the following results:  for 1978 the estimate was 269,000 with an 80% 
confidence interval from 178,000 to 437,000;  for 2005-2006, the estimate was 812 with an 80% 
confidence interval from 575 to 1,184. 
 
Design-based estimates for individual species are shown in Table 3-6 and 3-7.  In 1978, spottail 
shiner comprised 72% of total impingement and included approximately 192,000 individuals.  In 
2005-2006, none were caught in impingement samples.  Instead most of the impingement was 
comprised of common carp and goldfish, which made up 65% of total impingement (533 
individuals over 15 months) followed by bluegill, redbreast sunfish, and spotfin shiner.  Each of 
these was 7 to 8 % of the total.  Channel catfish were about 8% of the total in 1978 and 3% in 
2005-2006.  Smallmouth bass were 0.2 % of the total in 1978 and 5% in 2005-2006. 
 
A number of factors appear to affect impingement rates.  For these, the focus here is primarily on 
the 1978 data because the higher numbers makes it easier to see relationships.  Also there were 
data on diel differences on availability of fish that might be impinged for the 1978 study.  Figure 
3-3 shows a comparison of day and night impingement rates for 1978.  Model predictions for the 
fitted data in 1978 were 11 fish per hour during the day and 54 fish per hour during the night, a 
five fold increase at night. 
 
In 1978, river conditions including the status of local fish populations also appeared to affect 
impingement rates.  The 1978 fish trap data were believed to indicate when minnows were 
schooling near the intake or passing by it.  Approximately 80% of the fish caught in the traps 
were spottail shiner which was the dominant species impinged.  While no traps were set in late 
winter during the period when the highest impingement rates occurred; trap catches were high in 
the spring while impingement rates remained high.   Trap catches were low in the summer and 
fall when impingement rates were relatively low (Figure 3-4).  Numbers of fish collected in fish 
traps tended to be higher near shore, which suggested higher densities of impingeable fish there 
(Table 3-8).  Since Dickerson has a shoreline intake this may increase impingement although 
other factors such as depth are probably important. 
 
The vertical distribution of fish also may have affected impingement rates in 1978.  Both spotfin 
shiner and spottail shiner were regularly collected directly in front of the intake structure.  
However the spotfin shiners were collected in surface traps above the level of the screens; while 
spottail shiners were collected in the bottom traps in front of the screens (Table 3-9).  This is 
consistent with the finding of higher impingement rates for spottail shiner. 
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In 1978, impingement was episodic and perhaps weather related (see notes with Figure 3-4).  
However, the spacing of impingement samples at 2 week intervals makes it difficult to be sure 
about the weather effects.  In 2005-2006, the impingement rates were very low so that it was 
even more difficult to relate impingement to river and weather conditions.  Impingement 
numbers were highest on April 24, 2006, when there was a spike in river flow (Figure 3-5); 
however only 12 fish were impinged that day.   
 
A potentially important feature of the impingement is the range of sizes among the species 
impinged because it may be a factor in the selection of intake technologies.  In 1978, the sizes of 
fish impinged were roughly the same (Table 3-10).  In 2005-2006, the median length typically 
ranged from 8 to 15 mm TL.  Common carp were somewhat larger with a median length of 31 
mm TL. 
 
All fish impinged are assumed to be killed.  The 0% survival assumption is based on the 
intermittent screen rotation which is used and on the high intake structure.  Also in 1978, cursory 
studies were performed in which fish were removed from the screen backwash water trough, 
held in buckets of backwash water and observed. Within minutes all fish had died.  
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Table 3-4.  List of fish taxa collected in impingement sampling at the Dickerson 
Station in 2005-2006.  See Appendix 1. 

 

Family/ 
Species Scientific Name 

carps and minnows Cyprinidae 
common carp Cyprinus carpio 
goldfish Carassius auratus 
spotfin shiner Cyprinella spiloptera 

North American catfishes Ictaluridae 
channel catfish Ictalurus punctatus 

sunfishes Centrarchidae 
redbreast sunfish Lepomis auritus 
pumpkinseed Lepomis gibbosus 
bluegill Lepomis macrochirus 
smallmouth bass Micropterus dolomieu 
largemouth bass Micropterus salmoides 
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Table 3-5.  Number of fish collected in impingement samples at Dickerson Station along with 
sample duration, plant operating data and ancillary water quality data. 
 

Number of Operating 
Units,Circulators & 

Screens 
Sample 

First 
Date 

Samp. 
Dur. 
(Hr.) Units Circ. Screens

Intake
Temp 
(oC) 

Turbidity
 (NTU) 

Total 
Fish 

Collected 
1 04/12/05 23 2 4 4 11.6 13 4 
2 04/26/05 24 3 6 6 13.6 15.5 6 
3 05/09/05 24 3 6 6 15.1 6.5 3 
4 05/23/05 24 3 3 to 6 5 18.2 16 6 
5 06/06/05 25 3 6 6 24.9 6.5 0 
6 06/20/05 24 3 6 6 24.2 7 2 
7 07/05/05 24 3 6 6 27.2 7 3 
8 07/18/05 24 3 6 6 26.1 39 3 
9 08/01/05 24 3 6 6 28.2 5 1 

10 08/15/05 24 3 6 6 29.9 4.5 7 
11 08/29/05 23 2 6 6 26.2 6 0 
12 09/12/05 24 3 5 5 24.0 4 0 
13 09/26/05 23 3 6 6 22.3 4 0 
14 10/10/05 6 3 6 6 16.3 21 0 
15 10/23/05 6 3 6 6 12.7 7 0 
16 11/06/05 6 3 6 6 12.6 7 0 
17 11/21/05 6 3 6 6 7.4 4 0 
18 12/06/05 6 3 6 6 5.3 8 0 
19 12/20/05 6 3 6 6 2.3 9 0 
20 01/03/06 6 3 6 6 2.2 27 0 
21 01/19/06 6 3 6 6 5.0 32 0 
22 01/30/06 24 3 6 6 5.9 9 0 
23 02/13/06 24 3 6 6 2.0 5 2 
24 02/26/06 24 3 6 6 6.8 8 0 
25 03/12/06 24 2 3 6 11.5 5 8 
26 03/27/06 24 2 4 4 16.0 3 0 
27 04/09/06 24 2 4 4 16.0 3 0 
28 04/24/06 6 2 5 5 14.2 35 3 
29 05/08/06 24 2 4 4 17.9 10 0 
30 05/21/06 24 3 6 6 16.1 10.5 1 
31 06/05/06 24 2 6 6 21.8 11.5 0 
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Table 3-6.  Unadjusted estimated number of fish impinged per month at Dickerson Station 
from January to December 1978. 
 

Year Month 
spottail 
shiner 

spotfin 
shiner 

channel 
catfish

combined 
sunfish

small- 
mouth 

bass Other Total

1978 Jan 6,572 0 7,223 372 155 930 15,252
1978 Feb 18,088 28 1,974 644 28 1,036 21,798

1978 Mar 126,961 78 372 558 0 1,163 129,131
1978 Apr 5,980 120 1,340 480 0 1,110 9,020
1978 May 25,343 5,301 8,339 15,531 186 7,208 61,892

1978 Jun 4,800 2,880 495 495 0 3,495 12,165
1978 Jul 1,116 837 723 310 31 992 3,999
1978 Aug 1,147 605 543 186 47 713 3,240

1978 Sep 930 93 388 279 0 806 2,480
1978 Oct 62 47 0 140 0 233 481
1978 Nov 270 90 75 45 0 435 915

1978 Dec 698 47 0 1,659 0 915 3,317
Total 191,966 10,124 21,471 20,698 447 19,034 263,688

Percent 72.8% 3.8% 8.1% 7.8% 0.2% 7.2% 100.0%
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Table 3-7.  Estimated number of fish impinged per month at Dickerson Station from April 2005 to June 2006.   
Estimates adjusted to continuous operation of all screens and circulators. 
 

Year Month 
spotfin 
shiner 

common 
carp goldfish

channel 
catfish

redbreast 
sunfish

pumpkin-  
seed bluegill 

small- 
mouth 

bass

large- 
mouth 

bass Total

2005 Apr 52.5 30 37.5 0 22.5 0 37.5 0 0 180
2005 May 0 96.1 49.6 18.6 0 0 0 0 0 164.3
2005 Jun 0 0 0 0 15 0 0 0 15 30

2005 Jul 15.5 0 0 0 15.5 15.5 15.5 31 0 93
2005 Aug 10.3 0 0 10.3 31 0 0 20.7 10.3 82.7
2005 Sep 0 0 0 0 0 0 0 0 0 0

2005 Oct 0 0 0 0 0 0 0 0 0 0
2005 Nov 0 0 0 0 0 0 0 0 0 0
2005 Dec 0 0 0 0 0 0 0 0 0 0

2006 Jan 0 0 0 0 0 0 0 0 0 0
2006 Feb 0 0 0 0 0 0 32.2 0 0 32.2
2006 Mar 0 248 0 0 0 0 0 0 0 248

2006 Apr 0 144 72 0 0 0 0 0 0 216
2006 May 0 15.5 0 0 0 0 0 0 0 15.5
2006 Jun 0 0 0 0 0 0 0 0 0 0

Total 78.3 533.6 159.1 28.9 84 15.5 85.2 51.7 25.3 1061.7
Percent 7.4% 50.3% 15.0% 2.7% 7.9% 1.5% 8.0% 4.9% 2.4% 100.0%
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Table 3-8  Adapted from ANSP (1979). Summary of fish distribution determined by the 1978 
fish trap study at Dickerson Station.  Numbers for each longitudinal-series position represent the 
mean number of fish caught for that series by sample date.  The series are numbered from the 
Maryland shore (Md) to the Virginia shore (Va) as illustrated in Figure 3-1.  Mean numbers for 
traps in the Maryland half of the river (longitudinal series Md, 1 and 2) are plotted in Figure 3-4. 

 

River Traps - Number of Fish per Trap 
Longitudinal Series 

Date Va 5 4 3 2 1 Md Md half All 
4/18/1978 51.1 8.8 3.2 0 0.4 9 55.8 30.25 26.13 
5/24/1978 15.8 1.8 2.8 3.6 3 0.8 4.6 3.25 5.87 
6/21/1978 1.7 0.6 0 2.4 2.6 1.2 3.3 2.60 1.87 
8/29/1978 1 2 0 0.4 1 2.8 0.5 1.20 1.02 
9/26/1978 2.3 0.6 0 0.4 0 1.6 2.4 1.60 1.33 

10/23/1978 2 0 0 0 0 0 0.3 0.15 0.51 
11/20/1978 4.1 0 0 0 0.4 0.4 0.1 0.25 1.02 
12/19/1978 0.5 0 0 0 0 0 0 0 0.11 

 
 
Table 3-9.  Adapted from ANSP (1979).  Depth distribution of fish trapped in front of the 
intake structure of the Dickerson SES during the pre-impingement study, April-December 1978.   
Depths with highest trap catches are highlighted. 

 

Intake Traps - Number of Fish per Trap 

spottail shiner 
Depth April May June Aug Sept Oct Nov Dec 
Surface 0 0 0 0 0 0 0 0 
Middle 4 0 0 0 0 0 0 0 
Bottom 3 4 2 1 2 0 0 <1 

spotfin shiner 
Surface 15 34 6 0 0 0 2 0 
Middle <1 0 0 0 0 0 0 0 
Bottom 0 0 0 0 0 0 0 0 

other species 
Surface 0 0 0 0 0 0 0.5 0 
Middle <1 0 0 0 0 0 0 0 
Bottom <1 <1 1 0 <1 <1 <1 <1 

Sum 23.5 38.5 9 1 2.5 0.5 3 1 
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Table 3-10.  Descriptive statistics for lengths of fishes impinged at Dickerson Station in  
2005-2006 with comparisons to mean lengths for 1978.  Lengths for 1978 from ANSP (1979).  
Sample sizes were considerably larger in 1978 but the actual numbers of specimens measured 
that year were not included in the report. 

 
Total Length (cm) 

1978 2005 

Interquartile 
 Range 

Species Mean Mean Min Max Median Q1 Q3 N 
spotfin shiner 7.7 7.9 5.0 9.2 8.7 6.3 9.1 5 
spottail shiner 9.3 None caught 
common carp ND 33.7 23.1 50.4 31.0 28.5 40.1 18 
goldfish ND 11.9 9.6 16.5 11.7 9.9 13.2 6 
channel catfish 14.0 13.6 5.7 21.5 13.6 5.7 21.5 2 
redbreast sunfish ND 15.3 10.6 19.3 15.3 13.2 17.7 6 
pumpkinseed ND 8.6 8.6 8.6 8.6 8.6 8.6 1 
bluegill ND 10.3 4.6 16.6 11.0 4.9 15.4 5 

Sunfish (all) 9.8 12.6 4.6 19.3 14.1 9.1 16.5 12 
smallmouth bass ND 7.9 5.7 9.5 8.2 6.1 9.4 4 
largemouth bass 14.3 22.4 10.2 34.5 22.4 10.2 34.5 2 
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Figure 3-2.  Comparison of model predicted and observed daily impingement totals over species 
at Dickerson Station during the 1978 and 2005-2006 impingement studies.   
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Figure 3-3.  Comparison of model predicted and observed hourly impingement totals over 
species during day and night periods at the Dickerson Station in 1978.   
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Figure 3-4.  Adapted from ANSP (1979).  Impingement rates at Dickerson Station in 1978 
compared to fish trap catches and to Total Suspended Solids (TSS) concentrations and turbidity.  
TSS data from USGS web site.   



- Impingement - 

 3-20

 
 
 

0

1000

2000

3000

10

100

1000

10000

F
lo

w
 (

c
m

s
)

1978

Jan Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1979

JanFeb

8182

Im
p

in
g

e
m

e
n

t 
(N

 /
 2

4
 h

r)

 
Figure 3-5.  Impingement rates at Dickerson Station in 1978 compared to Potomac River flow.  
The flow is the sum of the flow of the Potomac River at Point of Rocks and the flow of the 
Monocacy River at Jug Bridge near Frederick, Md.  Flow data from USGS web site.  The date 
plotted is the first day of a 24-hour sampling event.  There was a peak in impingement on March 
9-10, 1978.  It rained on March 9 but only 0.17 inches at Dulles Airport.  However there was 
also a warming trend which presumably melted ice along the river banks.  The rise in flow began 
on March 11.  The peak of impingement on May 9 was preceded by rain on May 8 and 9 (0.32 
and 0.39 inches at Dulles airport) and also earlier in the week including 0.91 inches on May 4. 
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Figure 3-6.  Impingement rates at Dickerson Station in 2005-2006 compared to turbidity and 
Potomac River flow.  TSS data for this period are not available.  Flow data from USGS web site 
accessed in July 2007. 
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4.  Impacts of Entrainment and Impingement 
 
The objective of this section is to evaluate the current impacts of entrainment and impingement to 
determine if there are any changes of sufficient magnitude that would warrant a change in MDE’s 
prior BTA determination. 
 
The following points will be discussed separately for entrainment and impingement including 
comparison of annual estimates for actual and maximum (i.e. design) circulator flow for historic and 
recent studies, note of changes in dominant species, and general patterns of diel and seasonal change 
and in the overall estimates of numbers of organisms which are lost.  For entrainment, potential 
entrainment survival is also considered. 
 
Since there has been a significant decrease for both impingement and entrainment a more detailed 
discussion of possible reasons for the decrease is warranted.  Possible contributing factors to be 
considered include effects of slight changes in sampling methods for impingement (intermittent 
screen rotation versus continuous screen rotation), annual variability, changes in plant operation, 
changes in physical conditions in the river (e.g. temperature and turbidity), changes in fish habitat 
and possible long-term changes in underlying fish populations. 
 
While it will not be possible to definitively determine the reason for the changes in impingement and 
entrainment, it is important to have some sense of the likelihood that longterm changes in the fish 
population are responsible.  If fish populations have been reduced over time then impingement and 
entrainment loss might be considered a possible contributing factor to this decline and thus judged 
more critically.  (Apparently this is not the case – see Section 4.4).  On the other hand, if the 
reductions are due to factors that simply reduce the risk of entrainment and impingement to 
individual fish then it would seem that impacts which were the basis of the original BTA decision 
could be reduced. 
 
Having gone through that exercise, the original impact evaluation conducted for Maryland DNR’s 
Power Plant Siting Program (PPSP) will be revisited to determine if there is evidence that a change in 
estimates of the magnitude of impacts is warranted.  MDE decision making for entrainment was 
based on potential adverse impacts to Spawning and Nursery Areas of Consequence (SNAC).  The 
primary metric used for SNAC determination was fractional losses to fish populations.  In the present 
analysis consideration is also given to the absolute magnitude of losses in terms of “equivalent 
adults” of a representative species (channel catfish; methods and reasons for selection of channel 
catfish explained in Appendix 2).   
 
Consistent with Maryland’s regulations, impingement impacts were evaluated based on the monetary 
value of the impinged fish.  Also added is consideration of equivalent adult channel catfish so that the 
impacts of entrainment and impingement can be compared.  This also permits an overall evaluation 
of both entrainment and impingement.  Finally there is an evaluation of potential effects on comely 
shiner, which is a state listed threatened fish species. 
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4.1 Variability in Entrainment, Decrease in Entrainment between 1978 and 2005,  
and Relevance of the 1978 Latent Entrainment Survival Study 
 
When the 2005 entrainment estimate (expressed as number of organisms lost to entrainment 
assuming 0% entrainment survival) was compared to the 1978 estimate a substantial decrease 
was noted.  Possible causes for the decrease are explored in Section 4.1.1 
 
Although the estimates of entrainment losses are based on an assumption of 0% entrainment 
survival, a preliminary latent mortality study (ANSP 1979) indicated that under some conditions 
(i.e. before water temperatures get too warm) entrainment survival can be as high as 87%.  The 
implications of this finding are explored in Section 4.1.2.   
 
There were no noteworthy changes in diel or seasonal patterns to entrainment between 1978 and 
2005 and species and life stages were entrained in roughly the same proportions in 1978 except 
for channel catfish.  This species was impinged in roughly the same numbers in both studies but 
its relative representation compared to minnow species and other forage fishes was somewhat 
higher in 2005 (channel catfish entrainment 2% of total in 1978 and 7.5 % in 2005).  The 
primary difference between the historic and recent studies was in the overall magnitude of the 
entrainment loss. 
 
4.1.1 Decrease in the Annual Estimates Between 1978 and 2005  
Table 4-1 shows a comparison of the design based entrainment estimates for maximum and 
actual circulator flow in 1978 and 2005.  During the 1978 study, mean flow was 16.1 m3/s; 
during the 2005 study, mean flow was 17.4 m3/s.  The maximum possible flow is 18.4 m3/s.  The 
difference between maximum and actual flow entrainment estimates is quite small and it is clear 
that the difference between years is due to lower densities of larvae and juveniles in 2005.  Two 
hypotheses for the difference in densities are suggested by the data and past studies.  As noted in 
Section 2-3, the turbidity of the river water was much lower in 2005 (median value about 7 in 
2005 compared to a median value of about 25 in 1978).  The lower turbidity could possibly have 
had an effect on entrainment by reducing drift.  Direct evidence for this hypothesis is lacking due 
to the confounding of seasonal changes in abundance with the potential effects of turbidity.  
However the fact that much higher drift rates occur at night as compared to the day (see below) 
suggests that loss of visual cues may increase drift; this would support the assumption that since 
high turbidity also reduces visual cues it could therefore increase drift.  Of course, a variety of 
other physical or water quality differences between years could have contributed to differences.  
In another freshwater river, differences in larval catch per unit effort up to 29 times from one 
year to the next were observed (Bednarski et al. 2008). 
 
An alternative hypothesis relates to the dramatic increase in submerged aquatic vegetation 
(SAV).  Since 1991 there has been a resurgence of submerged aquatic vegetation in the Potomac 
River near Dickerson (personal observation) following a dramatic decline between 1965 and 
1968 (ANSP 1967, 1968 and 1969).  This resurgence in aquatic vegetation has persisted and may 
have caused changes in fish populations – notably an increase in the sunfish (as compared to 
minnow species).  Because sunfishes have low drift rates, entrainment would decrease.  It should 
be noted that the supposed change in species composition was not evident in Mirant’s 
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electrofishing surveys (Loos and Perry 2001).  However these surveys were designed to measure 
catch per unit effort for fixed shoreline habitats.  The new growth of SAV opened habitat for 
sunfish (in the form of SAV patches) across the full width of the river which previously did not 
exist and which were not sampled.  Sunfish were easily visible clustering in and around the SAV 
patches even in water 8 feet deep.  (See Section 4.4 for a discussion of observations by Edward 
Enamait of Maryland DNR, which suggest a stable fish population.)  Of course, it is possible that 
a combination of these and other factors is at work.  In any event, there do appear to be plausible 
explanations for the decrease in entrainment. 
 
A more detailed table of the estimates of entrainment by diel period in 2005 is given in Table 4-
2. This table includes all the species identified by ANSP in 2005.  The estimates which are based 
on actual flow in 2005 (the column on the far right) are considered the best estimates of future 
entrainment.  
 
 
4.1.2 Relevance of 1978 Preliminary Latent Entrainment Survival Study 
Consideration of entrainment mortality was only permitted in the Phase II Rule as part of a cost-
benefit analysis.  However, with the Rule withdrawn there is nothing to prevent consideration of 
entrainment survival in the current BPJ evaluation.   
 
1978 latent survival study methods (excerpted from ANSP 1979).  Samples for survival 
studies were collected with plankton nets mounted on cones as described earlier [Figure 2-2].  
Nets with 330-micron mesh width were substituted for the standard mesh width and a 19-L 
plastic bottle was substituted for the standard collecting bucket attached to the cod end of the net.  
Also a perforated clear plastic sheet was placed across the wide end of the cone at the mouth of 
the net.  These modifications reduced injuries to larvae during sampling: the finer mesh 
prevented larvae entanglement in the net; the larger collecting bucket reduced water velocity and 
provided a larger volume of water in the bucket.  The perforated sheet (250 openings, 1 cm in 
diameter) reduced the open area at the net mouth by one tenth (from 0.20 m2 to 0.020 m2), thus 
slowing the current flowing through the net so that larvae would not be pressed against the 
edges.  Initial trials of this modified net indicated that in the discharge the flow was appropriately 
reduced while sample size remained adequate.  However, the river current was slower than in the 
discharge and the modifications so reduced flow through the net that the volume sampled was 
too small to collect enough specimens.  Thus, use of this net precluded collection of comparable 
control samples.  In spite of this, an attempt was made to collect a control sample during the last 
mortality study in the Maryland near-shore zone.  Mortalities noted in this collection may have 
resulted from handling of the larvae and/or from natural mortality.  
 
No attempt was made to evaluate effects of chlorine on larval mortality. The sampling period 
was such that the chlorination cycle should not have biased results and chlorine was only used 
intermittently. During these studies the plant injected chlorine four times a day; starting at 0730, 
1330, 1930 and 0130 hours. The cycle comprised a 5-min rinse and a 20-min injection period.  
Units were injected one at a time in numerical order with 20.4 kg per unit per day.  Nets were set 
between 2200 hours and 2300 hours.  The sample duration was 6-hr and included one chlorine 
injection cycle.  Three mortality samples were collected on each of the nights of June 10 and 11, 
June 20 and 21 and June 30 to July 3.  Because larvae became scarce, the last sample was a 
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composite of three collections (6-hr collections on three consecutive nights) to obtain a more 
adequate number of specimens.  Mortality studies were terminated after the third study because 
of difficulties in obtaining adequate numbers of specimens. 
 
1978 latent survival study results (first two paragraphs excerpted with slight modification 
from ANSP 1979).  Table 4-3 indicates water temperature and turbidity and the survival rates 
for each latent survival sample.  In the first of the three samples, survival was high (about 87% of 
558 larvae) after the 24-hour incubation period.  In samples 2 and 3, survival after incubation 
was only 18% and 33%, respectively.   
 
Turbidity and temperature may have contributed to the increased mortality. Turbidity during the 
first sample was 22 NTU compared with 55-60 NTU in the second and third.  Discharge 
temperature during the first sample was about 31.7°C compared with about 33.9 and 34.4°C 
later.  Survival rate in the control group for the third sample was comparable to survival in the 
entrainment group.  Although sample size for the control was small, this similarity suggests some 
mortalities noted in the entrainment samples may have been caused by handling of the larvae or 
natural mortality. 
 
There are a number of encouraging aspects to the study results.  Note that the first sample, which 
had survival rates of 87%, was initiated on June 10, which is rather late in the spawning season.  
In 2005, entrainment prior to June 5 was 8.45 million.  Entrainment after June 5 was 1.27 
million.  Thus 87% of entrainment occurred before June 5.  Discharge temperatures during this 
period remained below 30O C.  Turbidity, which was considered a potential factor for increasing 
mortality in 1978, was low, in 2005 - less than 20 NTU.  Additionally, use of the chlorine 
biocide was not initiated until July 27 in 2005 (In most years chlorination begins in mid-June).  
The combination of temperatures below 31.7, low turbidity and no chlorination would leave one 
to expect very good survival in 2005 during the period when most entrainment occurred.   
 
In the second sample initiated on June 20 survival was greatly reduced for minnow species 
compared to the first sample.  However survival remained high for catfish species (80% for 
yellow bullhead and 64% for channel catfish larvae).  As noted in Section 2-3 the weight of an 
individual catfish larva/juvenile is expected to be about 10 times greater than that of individual 
minnow larvae.  Thus if the entrainment were computed as biomass (rather than number of 
individuals) these more hardy species would contribute much more to entrainment loss estimates 
than they do now.  However an evaluation of biomass losses would require actual weight 
measurements.  (A quick review of the literature indicates that information on length-weight 
relationships for the larvae of freshwater fish species would be inadequate to model plausible 
biomass estimates using the existing length-frequency data).   
 
The 1978 study had only three samples and many species were represented in only one or two 
samples.  Additional study would be required to develop a technically supportable survival 
estimate. 
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Table 4-1.  Design Based Entrainment Estimates at Dickerson Station for Maximum and Actual 
Circulator Flow in 1978 and 2005.  Species selected based on data availability from the 1978 
study. 
 

Entrainment (Millions) 

Total for Day and Night Periods 
Maximum Actual 

Circ. Flow Circ. Flow 
Species Phase  1978 2005 1978 2005 

common carp Proto 4.5 2.5 5* 2.5

Proto 17.2  17 2.2
spottail shiner Proto & Meso  2.2    

spotfin shiner & bluntnose 
minnow Proto 8.1 1.7 7 1.6

Meta  1.4  1   
channel catfish Meta & Juv.  1.0   1.0

tessellated darter Proto 5.9 1.9 6* 1.9

Other   13.2 4.2 12 4.1

Total   50.3 13.5 48 13.3
 

* There was some error in the common carp and tessellated darter estimates for 1978.  Entrainment estimates for 
actual flow were taken from the Table V-B-3 in the ANSP (1979).  Entrainment estimates for maximum flow were 
computed from data picked from the graphs in same report.  There was some error in this process and/or rounding 
error because the estimates for actual flow were somewhat higher for these species.  



- Entrainment Impacts - 

 4-6 

 
Table 4-2.  Design Based Entrainment Estimates at Dickerson Station for Maximum and Actual 
Circulator Flow in 2005 by diel period.  All species identified by ANSP for the 2005 study are 
included and 0% survival is assumed. 
 

Entrainment (Millions) 

Maxium Circ. Flow 
Actual Circ. Flow 

in 2005 

Species Phase  Day Night Sum Day Night Sum 
common carp Proto 0.32 2.20 2.52 0.32 2.18 2.50

Proto 0.00 0.14 0.14 0.00 0.14 0.14
Meso 0.00 0.29 0.29 0.00 0.29 0.29native minnow 

Undet. 0.00 0.09 0.09 0.00 0.09 0.09
Proto 0.00 0.09 0.09 0.00 0.09 0.09
Meso 0.07 2.05 2.13 0.07 2.04 2.11
Meta 0.00 0.07 0.07 0.00 0.06 0.06

spottail shiner 

Juv 0.07 0.00 0.07 0.07 0.00 0.07

spotfin shiner &  
bluntnose minnow 

Proto 0.00 1.66 1.66 0.00 1.65 1.65

minnow/carp spp. Proto 0.00 0.02 0.02 0.00 0.02 0.02
Meso 0.30 0.72 1.02 0.29 0.71 1.01

sucker spp. 
Meta 0.05 0.31 0.36 0.05 0.31 0.35

channel catfish Juv 0.12 0.90 1.02 0.12 0.86 0.99
rock bass Meso 0.13 0.00 0.13 0.13 0.00 0.13

Proto 0.03 0.45 0.49 0.03 0.45 0.48

Meso 0.25 0.36 0.61 0.24 0.36 0.59

Meta 0.00 0.21 0.21 0.00 0.21 0.21
greenside darter 

Juv 0.22 0.24 0.46 0.21 0.23 0.44
Proto 0.03 1.87 1.91 0.03 1.86 1.89
Meso 0.00 0.05 0.05 0.00 0.04 0.04tessellated darter 

Juv 0.07 0.11 0.18 0.06 0.11 0.17

Total All 1.68 11.85 13.53 1.64 11.68 13.32
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Table 4-3.  Survival rate of entrained larvae collected in the discharge of the Dickerson SES on three  
occasions in 1978 after a 24-hour holding period (Adapted from ANSP 1979). 
 

Date June 10-11 June 20-21 June 30 - July 3 
Location Discharge Discharge Discharge Control 
Temperature 31.7 C 33.9 C 34.4 C Not Reported 
Turbidity 22 NTU 55 NTU 60 NTU Not Reported 

Species Phase Live Total 
% 

Survival Live Total
% 

Survival Live Total
% 

Survival Live Total
% 

Survival
Common 
 carp 

proto  58 66 88% 4 10 40% 0 10 0%     

proto 262 288 91% 4 140 3% 4 28 14% 6 18 33%
meso 1 1 100%             

All shiners  
& minnows 

meta 2 2 100%             
Sucker 
 spp. 

meso 115 150 77% 0 4 0%         

Yellow 
 bullhead 

meta       12 15 80% 2 3 67% 0 2 0%

meso       5 5 100%     0 1 0%Channel 
 catfish meta 1 1 100% 6 12 50% 16 21 76%     
Marginated 
 madtom 

meta           2 6 33% 1 2 50%

Redbreasr 
 sunfish 

meso       2 2 100%         

Tessellated  
 darter 

proto 47 50 94% 1 2 50% 2 12 17%     

Overall   486 558 87% 34 190 18% 26 80 33% 7 23 30%
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4.2 Update of Historic Evaluation of Biological Impacts of Entrainment 
 
The biological evaluation of the historic studies which was done for PPSP was designed to 
ensure no adverse impacts to Spawning and Nursery Areas of Consequence (SNAC).  This 
analysis is described by Summers and Jacobs (1981) and the analytical methods are summarized 
in Appendix 3.  The basic idea was to compute fractional losses to river populations of early life 
phases of fish due to entrainment and then to aggregate the individual life phase losses to 
compute overall losses for selected representative species.  The denominator for the loss 
fractions was the estimated production of individuals in each life phase in the Piedmont section 
of the Potomac River between Williamsport and Great Falls (Appendix 3 - Figures A3-1 and A3-
2).  There were two approaches to estimating the loss fractions.  One was to compare the 
numbers of early life phases entrained with the total numbers drifting downstream in the river; 
i.e. the flux or drift of eggs and larvae downriver; this is referred to here as the flux method.  The 
other approach – the regional population method was to estimate the overall production of early 
life phases (as numbers of individuals not biomass) in the Piedmont Section of the River and use 
that for the denominator.  The flux method assumes that all members of the population are 
drifting in the river currents which can be considered a worst case assumption and which is 
clearly not true for some life phases and species, especially for nest building species such as 
sunfish, crappie and catfish and even for minnow and sucker species whose eggs may be 
attached to or buried in gravel or laid in crevices. 
 
The PIC also proposed translating entrainment losses into equivalent adult losses as illustrated in 
the EPA case study documents (USEPA 2002).  The basic idea behind the equivalent adult 
computation (Vaughan and Saila 1976, and Goodyear 1978) is to express losses of young fish 
which are killed by entrainment or impingement as numbers of individuals that might have 
survived to adulthood had they not been killed by entrainment or impingement.  This analysis 
was done only for channel catfish due to a lack of appropriate life history data for other entrained 
species at Dickerson.  It is useful to focus on channel catfish because it is the primary 
recreational species affected by entrainment – the other entrained species groups are primarily 
forage fishes.   
 
4.2.1 Results of Equivalent Adult Losses of Channel Catfish due to Entrainment Mortality  
 
The computation of the equivalent adult estimates for channel catfish is illustrated in Table 4-4. 
As it happens, the estimates for numbers of channel catfish entrained in the historic and recent 
studies were the same, i.e. approximately 1 million metalarval and small juvenile catfish 
entrained in both studies.  Thus there was no apparent historic-vs.-recent study effect on numbers 
of equivalent adults.  On the other hand, there was a broad range of estimates related to 
uncertainty concerning survival rates.  The estimate based on mid-point survival estimates 
(presumably the best estimates) were approximately 2,500 to 3,000 adult channel catfish.  
However the overall range in estimates was from about two hundred to about 50,000.  The upper 
end of the range is sufficiently high to show the need for information on the size of the river 
populations to help put the losses in a biological context.  This was the goal of the historic 
entrainment evaluation described next. 
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Table 4-4.  Equivalent adult losses of channel catfish due to entrainment mortality at Dickerson 
Station.  Fractional survival estimates computed as described in Appendix 2.  Estimates of 
numbers entrained (Num. Ent.) for historic and recent studies were approximately the same 
(Table 4-1); therefore the equivalent adult losses were also the same for both studies.  The 
entrainment estimate based on mid-point survival estimates (presumably the best estimate) is 
highlighted in yellow. 
 

Study 

Range in  
Survival 
Rates 

Age 0 Age 1 Age 2 Age 3
Age 4  

(Age at Maturity)

Fractional Survival 

0.02044 0.54881 0.54881 0.54881   

Num. Ent. Potential Natural Survival Numbers 

Mid-Point 
Natural 
Survival 

1,000,000 20,444 11,220 6,158 3,379

Fractional Survival 

0.00333 0.41478 0.41478 0.41478   

Num. Ent. Potential Natural Survival Numbers 

Minimum 
Natural 
Survival 

1,000,000 3,328 1,380 573 237

Fractional Survival 
0.13058 0.73052 0.73052 0.73052   

Num. Ent. Potential Natural Survival Numbers 

Historic  
(1978) 

and 
Recent 
(2005) 

Maximum 
Natural 
Survival 

1,000,000 130,577 95,389 69,683 50,905
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4.2.2 Results of the Evaluation of the Impacts of Entrainment on Spawning and Nursery 
Areas of Consequence 
 
Table 4-5 summarizes the results of the population loss estimates for 1978 as computed by the 
flux and regional population methods.  As noted above, the flux method is believed to generate a 
worst case estimate.  For species that have essentially no drift, a zero population loss was 
assigned for both methods.  The problem with the flux method occurs when a small part of the 
population is assumed to drift.  Take spotfin shiners as an example, their eggs are laid in crevices 
and only a tiny fraction might enter the drift.  However, since the plant entrains about 10% of the 
river flow, about 10% of those stray eggs are entrained, which yields a gross overestimate of the 
population loss.  Recognizing this type of limitation on interpretation, the flux estimates are still 
useful as estimators of the upper bound of possible loss which are based on readily attained 
estimates of entrainment and river drift.  The regional population method is based on more 
speculative estimates of underlying population production which can not be measured directly. 
 
The information from the new studies can not be used to update the flux estimates because no 
river samples were collected and the same ratio of entrainment and river drift must be assumed.  
Estimates for the regional population method could change.  If one assumes a stable population 
consistent with observations by Enamait (2005) then the denominator of the fractional loss 
expressions would be expected to fluctuate around a stable mean (See Section 4.4 for a more 
detailed discussion of potential changes in fish populations based on sampling by Maryland 
DNR).  The problem is there is no estimate of annual variability of the river production of early 
life phases of fish in the Upper Potomac River.  The literature indicates variability in the 
abundance of larval fishes in freshwater rivers can be quite large; for example larval catch per 
unit effort that differed by a factor of 29 from one year to the next have been reported (Bednarski 
et al. 2008).  Therefore the most that can be said is that the percent population losses in 2005 
were probably less than those in 1978.  Even so the estimates are useful.  Note that although the 
equivalent adult loss estimate for channel catfish is about 3,000 (perhaps up to 50,000), which 
might seem large, the best estimate for the fractional loss is about 2%, which is an acceptable 
loss in the context of population sustainability.  The highest estimate by the regional-population 
method was 4.2% for spottail shiner.  This species is an early spawner and most are entrained 
prior to mid-June (Figure 2-6) when entrainment survival is expected to be high (perhaps about 
90% - Table 4-3) which could also substantially reduce loss estimates.  
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Table 4-5.  Percent population loss estimates computed by the Flux and Regional Population Methods  
for Dickerson Station (Adapted from Jacobs and Summers 1981).  Zero assigned for species and  
developmental period combinations which were not considered to be entrained. 
 

 Eggs Larvae Juveniles Overall 

Species Flux* Regional Flux Regional Flux Regional Flux* Regional

Spottail shiner 8.7* 0.1 10.3 4.1 0 0 18.1* 4.2

Spotfin shiner 9.5* 0.1 10.2 0.1 0 0 18.7* 0.2

Bluntnose minnow 0 0 6.4 0.1 0 0.1 6.4 0.2

Suckers 8.3* 0.1 9.7 0.3 0.9 0.4 17.9* 0.8

Channel catfish 0 0 8.3 1.7 0.5 0.1 8.8 1.8
Redbreast 
sunfish 0 0 10.3 2.2 0.9 0.1 11.1 2.3

Other sunfish 0 0 10.6 1.9 0.2 0.1 10.8 2.0

Smallmouth bass 0 0 0 0 0 0 0.0 0.0

Largemouth bass 0 0 0 0 0 0 0.0 0.0
 

* Percent population loss estimates for shiners and suckers computed by the flux method are considered overestimates because 
 the flux method assumes all eggs are vulnerable to entrainment (i.e., all eggs are drifting downriver).  In reality, most eggs of  
 these species are attached  to gravel (spottail shiner), buried in gravel (suckers) or are laid in crevices (spotfin shiner).  Assuming  
 minimal loss of eggs, the flux-method estimates of overall loss for these species would be approximately 10%. 
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4.3 Variability in Impingement and Decrease in Impingement from Historic Studies in  
1976-1977 and 1978 to the Recent Study in 2005-2006 
 
The 2005-2006 annual impingement estimate (expressed as number of organisms lost to impingement 
assuming 0% impingement survival) was considerably lower than the 1978 estimate.  The overall 
seasonal pattern in impingement was similar between years.  Nothing can be said about comparisons 
of diel patterns since the sampling schedule in 2005-2006 was not synchronized with diel periods.  So 
few fish were collected in 2005-2006 that it is somewhat difficult to compare species composition 
across studies though the decrease in spottail shiner from the 1978 impingement study from 192,000 
thousand (72% of total impingement) to zero in 2005-2006 was remarkable.  In 2005-2006, most of 
the impingement was comprised of common carp and goldfish, which made up 65% of total 
impingement.  (For more details see Section 3.4.)  All species impinged in 1978 were also impinged 
in 2005-2006 but the numbers were so much lower that the focus will be on that decrease for the 
remainder of Section 4.3. 
 
A sense of the typical annual variability can be gained by comparing results from a low intensity pilot 
study conducted from May 1976 to March 1977 with results from the 1978 study.  The pilot study, 
included sampling in just four months: May, August, November and March.  Table 4-6 compares 
impingement rates (numbers impinged per day) in these months across historic and recent studies.  In 
general, impingement rates in the two historic studies were much more similar to each other than to 
impingement rates in the recent study.  For example, the total impingement rate in March, which was 
the month of highest impingement, was 6,600 and 4,200 fish per day in the historic studies (1976-
1977 and 1978, respectively) compared to 8 fish per day in 2006.  These differences suggest that 
change between the historic and recent studies is more than would be expected from typical annual 
variability. 
 
Table 4-6.  Comparison of impingement rates (number of fish impinged per day) in historic studies in 
1976-1977 and 1978 with impingement rates in the recent study in 2005-2006. 
 

Year Month 
spottail 
shiner 

spotfin 
shiner

channel 
catfish

combined 
sunfish

small- 
mouth 

bass Other Total

Mar 77 6,415 12 42 82 0 38 6,551

May 76 22 39 8 48 0 55 116

Aug 76 4 37 193 6 0 28 240
1976-1977 

Nov 76 0 0 0 8 0 14 8

Mar 4,096 3 12 18 0 38 4,166

May 818 171 269 501 6 233 1,997

Aug 37 20 18 6 2 23 105
1978 

Nov 9 3 3 2 0 15 31

Mar 06 0.00 0.00 0.00 0.00 0.00 8.00* 8.00

May 05&06 0.00 0.00 0.30 0.00 0.00 2.60* 2.90

Aug 05 0.00 0.33 0.33 1.00 0.67 1.00 2.67
2005-2006 

Nov 05 0.00 0.00 0.00 0.00 0.00 0.00 0.00
* Primarily carp and goldfish. 
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The decrease in impingement parallels a large decrease in entrainment.  Possible reasons for the 
decrease in entrainment are explored in Section 4.1.1.  Table 4-9 shows a comparison of the design 
based impingement estimates for maximum and actual circulator flow in 1978 and 2005-2006.  The 
difference between maximum and actual flow is quite small and it is clear that the difference is not 
due to differences in plant operation.  However there was a difference in the way the samples were 
collected.  In 1978, impingement samples were collected by continuous screen rotation while in 
2005-2006, samples were mostly collected by rotation after 12-hrs during which the screens were 
stationary.  Although 2005-2006 sampling more closely matches the way the screens are normally 
operated and should be more representative, past experience at Chalk Point Station (Loos 1987) 
indicates that this type of sampling results in lower estimates.  A major reason for the lower estimates 
at Chalk Point however was the occurrence of organisms like blue crab which can hang on the 
screens and then move off.  At any rate, it doesn’t seem possible that sampling method alone could 
have a major effect on the results – certainly not of the magnitude observed here.  
 
Assuming sampling method to be only a minor contributor to the outcome, the difference between 
years is due either to lower susceptibility of fish to impingement or lower population numbers of 
impingeable fish in 2005-2006.  Lower susceptibility could result from differences in say turbidity or 
temperature between the two studies as summarized in Table 4-7. 
 
Table 4-7.  Descriptive statistics for air temperature and river water turbidity at Dickerson Station in 
1978 and 2005-2006. 
 

 

Minimum Air Temperature oF at Dulles Airport for December to March * 
1978 

N Mean Median Q1 ** Q3 ** Min Max 
121 24.2 24 17 32.5 0 48 

2005-2006 
121 29.5 28 24 34.5 10 56 

Turbidity NTU measured at the intake during sampling 

1978 
N Mean Med Q1 ** Q3 ** Min Max 

20 30.1 12.9 11.5 27.6 6.71 179.23 
2005-2006 

31 11.3 7 5 13 3 39   

 * Air temperature data for Dulles Airport from WeatherUnderground.com 
 ** Q1 and Q3 are the lower and upper interquartile ranges 
 
In 2005-2006, the median daily minimum air temperatures at Dulles Airport for the months from 
January to March and December 2005 were about 4 degrees warmer that in 1978 and the lower 
interquartile range was about 7 degrees warmer.  The large amounts of ice which had piled up along 
the shore in 1978 have not been seen in recent years.  A prolonged period of low temperature can 
cause fish to use up stored energy reserves which weakens them and can cause incidences of 
increased impingement (ERPI 2008).  Such incidences should become less common because the 
warmer winter temperatures in 2005-2006 appear to be part of a long-term trend in the Mid-Atlantic 
region (Fisher and Smart 1999). 
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Changes in turbidity could be affecting impingement.  For example, in 2005-2006, turbidity was 
lower than in 1978; median and interquartile range values were about half the 1978 values.  The 
lower turbidity could possibly have had a direct effect on impingement by allowing the fish better 
perception of the screens.  Direct evidence for this hypothesis is lacking due to the confounding of 
seasonal changes in abundance with the potential effects of turbidity.  However the fact that much 
higher impingement rates occur at night as compared to the day suggests that loss of visual cues may 
be important.  Flow (which of course is associated with turbidity) is another factor which could be 
important.  See discussion of storm events in Section 3.4. 
 
Alternatively, decreases in impingement may be due to changes in the fish species composition that 
may have favored fish less vulnerable to impingement.  Such changes could be associated with the 
dramatic increase in submerged aquatic vegetation (SAV) as discussed in Section 4.2.1.  This may 
have caused a shift in species composition away from minnows, especially spottail shiner, toward 
sunfishes.  The dominance of carp and goldfish in the recent samples also suggests a change in fish 
populations.  Presently there is no direct evidence to support the change in species composition 
hypothesis.  Electrofishing data collected from 1991 to 2000 did not support this idea, although off-
shore habitats were not sampled.  The idea of a relatively stable population is supported by comments 
by Edward Enamait (who has been studying the fish population in the Upper Potomac River for many 
years starting with a comprehensive study from 1975 to 1979 (Davis and Enamait 1982).  In 
comments to the Interstate Commission on the Potomac River Basin commissioners and staff 
(ICPRB 2005), he noted a healthy population of walleye is sustained by preying on several species of 
suckers, which are very common.  Also according to his comments the river holds a tremendous 
population of catfish, the most common of which is the channel catfish.  He noted that carp are also 
very common.  [They have always been prominent in terms of biomass in Pepco/Mirant 
electrofishing samples as well.]  The reproductive success of smallmouth bass can vary greatly from 
year to year, based on weather and other river conditions; however, reproduction in the Potomac 
River is generally good, and the population is stable (Excerpts, with slight modification, from 
ICPRB, 2005). 
 
These observations suggest that changes in impingement probably stem more from changes in the 
behavior and/or distribution of fish rather than changes in the underlying species composition in the 
river.  The availability of the fish trap data for 1978 could be helpful for evaluation of this idea if this 
type of sampling were to be repeated.  In any event, there do appear to be a variety of plausible 
explanations for the decreases in impingement.   
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4.4 Update of Historic Evaluation of Biological and Economic Impacts of Impingement 
 
The historic evaluation of impingement impacts was based primarily on the economic value of the 
loss computed as specified in COMAR 08.02.09.01 and COMAR 26.08.03.05.  The biomass and the 
number of equivalent adults for channel catfish are also considered.  (The equivalent adult estimates 
are presented in Section 4.5 with comparisons to comparable estimates for entrainment.) 
 
Number of fish impinged and the length data allow expression of the impingement losses in terms of 
biomass and value of the fish impinged (Table 4-9 to 4-11).  Table 4-8 is a summary of the results. 
 
Table 4-8.  Overall impingement losses at Dickerson Station, as numbers impinged, biomass and 
annual economic cost, the latter computed as specified in COMAR 08.02.09.01 and COMAR 
26.08.03.05. 
 

Impingement Loss for  
Actual Circulator Flow 

Type 1978 
2005-
2006

Number (N)  256,112 658
Biomass (kg) 3,800 190
Value $11,282 $193

 
In 2005-2006, carp and goldfish made up 59% of impingement numbers, 94% of impingement 
biomass but only about 30% of monetary impingement loss.  The latter was associated primarily with 
losses for recreationally important species.  Largemouth bass and smallmouth bass made up 10% of 
impingement numbers, 2% of impingement biomass and 40% of the monetary loss due to 
impingement. 
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Table 4-9.  Estimated annual impingement numbers at Dickerson Station for 1978 and   
2005-2006.  The estimates for actual flow in 2005 are considered most indicative of future losses. 

 

Annual Impingement (Number of Fish) 
1978 2005 

Species Actual 
Circ. 
Flow 

Max 
Circ. 
Flow 

Actual
Circ. 
Flow 

Forage fish 213,230 52 46

American eel 25 0 0

Suckers and redhorse 2,493 0 0

Carp 1,183 391 319

Goldfish * 80 67

Bullheads (all spp.) 484 0 0

Channel catfish 16,884 20 19

Madtoms 751 0 0

Rock bass 116 0 0

Sunfish (all species) 19,656 148 139

Smallmouth bass 344 52 51

Largemouth bass 33 18 18

Crappie (back and white) 883 0 0

Yellow perch 30 0 0

Total 256,112 760 658
 

  . 

* Goldfish would have been included in the forage fish category in 1978. 
 
Table 4-10.  Estimated annual impingement biomass at Dickerson Station for 1978 and   
2005-2006. 

 

Annual Impingement Biomass (kilograms) 
1978 2005 

Species Actual 
Circ. 
Flow 

Max  
Circ. 
Flow 

Actual 
Circ. 
Flow 

Spotfin shiner 44.4 0.4 0.4

Spottail shiner 1,314.4 0.0 0.0

Carp ? 208.0 173.9

Goldfish ? 5.0 4.1

Channel catfish 578.6 0.6 0.5

Sunfish (all species) 283.0 6.9 6.6

Smallmouth bass 13.1 0.5 0.5

Largemouth bass ? 3.5 3.4

Total 3,799.9 224.9 189.5
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Table 4-11.  Estimated annual impingement monetary value at Dickerson Station for 1978 and   
2005-2006. 

 

Annual Value (Dollars) 
1978 2005 

Species Actual
Circ. 
Flow 

Max  
Circ. 
Flow 

Actual 
Circ. 
Flow 

Forage fish $244 $0.15 $0.12

American eel $146 0 0

Carp $143 $68.43 $57.21

Suckers and redhorse $592 0 0

Bullheads (all spp.) $114 0 0

Channel catfish $4,243 $5.74 $5.31

Madtoms $75 0 0

Rock bass $58 0 0

Sunfish (all species) $4,783 $58.12 $54.69

Smallmouth bass $482 $51.67 $50.52

Largemouth bass $54 $25.71 $25.48

Crappie (back and white) $343 0 0

Yellow perch $5 0 0

Total $11,282 $209.81 $193.34
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4.5 Comparison of Entrainment and Impingement Impacts and Overall Conclusions 
 
The historic impingement impacts were judged based primarily on the monetary value of the 
impinged fish and entrainment impacts were judged based primarily on fractional reductions in fish 
populations. This difference in metrics makes comparisons of entrainment and impingement difficult.  
Therefore, a biological comparison was done based on a single metric i.e., equivalent adult channel 
catfish losses due to entrainment and impingement.  This comparison suggested that for the historic 
studies, entrainment and impingement impacts were comparable.  For the recent studies, it appears 
that the entrainment impact (i.e. equivalent adult channel catfish loss) remained the same but 
impingement impact was greatly reduced.  The overall equivalent adult loss, summed over 
impingement and entrainment, was reduced by 50.3%. 
 
Table 4-11.  Mid-point estimates of equivalent adult losses for channel catfish for historic and recent 
entrainment and impingement studies at Dickerson Station.  Computations for entrainment are 
illustrated in Table 4-4 and those for impingement, in Table 4-12. 

 

  Historic Recent
Entrainment 3,379 3,379
Impingement 3,428 4
Sum 6,807 3,383

 
 
For the SNAC entrainment impact evaluation, the worst case flux method results were unchanged 
since there was no new relevant information for that analysis.  There could be some reductions in 
impacts for the regional population method, but there was insufficient information to be sure.  Even if 
there were no reductions, the regional population results indicated losses less than 5% for any 
species.  There were substantial reductions in estimates of actual numbers of early life phases of fish 
that were entrained.  The reductions were primarily for forage fish species such as spotfin shiner and 
spottail shiner.  The overall annual entrainment number was reduced by 72%. 
 
Impingement impacts, measured by a variety of metrics (including biomass and economic value) 
were all greatly reduced.  The overall estimated annual impingement number was reduced by 99.7%.  
The overall impingement rate was about two fish per day and the economic value of the loss was less 
than $200 per year. 
 
One species, the comely shiner, which is listed by Maryland as threatened, is found in the Potomac 
River near the intake.    None were found in the recent entrainment and impingement samples (see 
Appendix 1 for more discussion) although one specimen was tentatively identified in the historic 
entrainment study.  No Maryland endangered species and no federally listed species were found. 
 
If prior Maryland criteria for evaluating the impacts are retained, then there should be no reason to 
change the prior determination by MDE that the intake is BTA.   
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Table 4-12.  Mid-Point equivalent adult loss estimates for channel catfish due to impingement at 
Dickerson Station.  See Table 4-4 equivalent adult loss estimates for entrainment.  Fractional survival 
estimates computed as described in Appendix 2.  Estimates of numbers impinged (highlighted in 
yellow) are from Table 4-7 and assume equal representation of Ages 0 to 2. 
 

Study Age 

Age 0 Age 1 Age 2 Age 3 Age 4  
(Age at Maturity)

Fractional Survival 

0.04007 0.54881 0.54881 0.54881   

Potential Natural Survival Numbers 

Age 0 

5,628 225.51 123.76 67.92 37.38

Fractional Survival 

  0.70869 0.54881 0.54881   

Potential Natural Survival Numbers 

Age 1 

  5,628 3,988 2,189 1,201

Fractional Survival 

    0.70869 0.54881   

Potential Natural Survival Numbers 

Age 2 

   5,628 3,988 2,189

Historic  
(1978) 

Sum         3,428

Fractional Survival 
0.04007 0.54881 0.54881 0.54881   

Potential Natural Survival Numbers 

Age 0 

7 0.28 0.15 0.08 0.05

Fractional Survival 
  0.70869 0.54881 0.54881   

Potential Natural Survival Numbers 
Age 1 

  7 5 3 1.5

Fractional Survival 

    0.70869 0.54881   

Potential Natural Survival Numbers 

Age 2 

   7 5 2.7

Recent  
(2005-2006) 

Sum         4.3
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Appendix 1 
List of Fish Species Found near Dickerson Station and their Conservation Status 
 
This appendix was prepared to address the issue of whether protected species (i.e. federal or 
Maryland rare, threatened or endangered species) might be at risk of entrainment or 
impingement.  The assessment relies on electrofishing data collected in the vicinity of Dickerson 
Station from 1991 to 2000.  These data establish a list of species that inhabit the vicinity and 
might be susceptible to impingement and entrainment.  The species found in the vicinity are 
compared to federal and state listings of threatened and endangered species to identify species of 
concern.  Emphasis is placed on locations immediately adjacent to the station intake in this 
assessment. 
 
Table A1-1 has a list of species collected in electrofishing surveys conducted at 14 stations in the 
Potomac River and 1 station in the Monocacy River (Figure A1-1) (Loos and Perry 2001).  This 
list was found to be consistent with species listed for the Potomac River near Plummers Island 
(between Little Falls and Great Falls) as compiled by Starnes (2002), which is considered the 
most definitive recent taxonomic listing for this part of the Potomac River.  The common and 
scientific names in the table follow Nelson et al. (2004). 
 
These species are considered potentially vulnerable to impingement and entrainment.  However, 
vulnerability to entrainment is more speculative since presence of adults or juveniles does not 
necessarily indicate presence of entrainable early life phases.  The species most accessible to 
impingement would presumably be those collected at Station 10 located just upriver from the 
intake (Figure A1-1).  These are listed separately, as are species collected at the Monocacy River 
Station.  
 
Table A1-1 also lists the mean number of fish per sample collected by electrofishing.  The 
measure of abundance might be expected to indicate the species most likely to be impinged 
assuming equal susceptibility per individual across species; this may not be the case.  For 
example the most common species at station 10 was the spottail shiner.  This was the dominant 
species impinged in 1978; but none was collected in the 2005-2006 impingement sampling.  On 
the other hand, common carp which was the most frequently impinged species in the recent 
sampling constitute a much smaller proportion of the electrofishing samples.  Thus, for whatever 
reason, there are mismatches between the electrofishing results and the results of recent 
impingement sampling.  Part of the discrepancy may just be the time gap between the end of the 
electrofishing in 2000 and the beginning of the impingement study in 2005.  If inquiry into the 
relationships between river populations of fish and impingement is pursued in the future, it might 
be better to do more intensive impingement sampling and to combine that with concurrent fish 
trapping as described in the main body of the report.  In any event, the primary purpose of this 
summary is to determine if rare, threatened or endangered species might be at risk of entrainment 
or impingement.  The electrofishing data provides a list of species found near the plant which 
should be sufficient for that purpose. 
 
A total of 43 species were collected excluding those not identified to species.  There were 26 
species collected at Station 10 and 25 species at Station M.  One species, the comely shiner, is 
listed by Maryland’s Natural Heritage Program (MDDNR, NHP 2007) as threatened.  No 
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federally listed species was collected.  The comely shiner was not identified in the current 
impingement and entrainment studies and was not collected at Station 10 or M; although one 
specimen was tentatively identified in the historic entrainment study.  Only one specimen was 
collected in the electrofishing samples; it was found at the lower most station near Whites Ferry, 
about 4.7 miles down river from the intake (Figure A1-1).  Actually it would not be surprising to 
find comely shiner anywhere in the study area but they are scarce.  It is suspected that it is more 
common in wadeable streams and small rivers since it spawns in the nests of other nest building 
cyprinid species such as river chub which are also uncommon in this part of the Potomac River 
and which are more frequently found in some tributaries (Loos et al. 1979).  Therefore, even if 
some low level entrainment or impingement of this species did occur, it would not be expected to 
have negative population level effects. 
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Table A1-1.  Species collected in electrofishing samples near Dickerson Station from1991 to 
2000.  The mean number of fish per sample is listed.  Each sample was comprised of fish 
collected with an electrofishing boat sampling along the shoreline over a distance of 375 feet.  
The mean numbers of fish collected were computed first over station (there were 10 stations 
overall) and then over date (there were 32 sampling dates overall).  Conservation status was 
determined by comparing the species list to species listed as threatened or endangered by 
Maryland’s Natural Heritage Program (MDDNR, NHP 2007).  Only one species, the comely 
shiner, (highlighted in yellow) was listed by NHP as threatened and none as endangered. 
 

Mean catch per sample Family/ 
Species Scientific Name Sta. M Sta. 10 Overall 

State 
Listing 

(Status) 

freshwater eels Anguillidae         
American eel Anguilla rostrata 0.18 0.16 0.11  

herrings Clupeidae         
gizzard shad Dorosoma cepedianum 0.00 0.00 0.01   
carps and 
minnows Cyprinidae         
central stoneroller Campostoma anomalum 0.00 0.00 0.005   
goldfish Carassius auratus 0.00 0.00 0.03   
spotfin shiner Cyprinella spiloptera 15.61 7.32 17.16   
common carp Cyprinus carpio 0.11 0.13 0.50   
river chub Nocomis micropogon 0.00 0.03 0.04   

golden shiner 
Notemigonus 
crysoleucas 0.11 0.03 0.02   

comely shiner Notropis amoenus 0.00 0.00 0.002 Threatened
spottail shiner Notropis hudsonius 1.25 19.74 14.88   
swallowtail shiner Notropis procne 0.04 2.87 0.52   
rosyface shiner Notropis rubellus 0.11 0.13 0.23   
bluntnose minnow Pimephales notatus 4.54 1.19 6.44   
longnose dace Rhinichthys cataractae 0.00 0.00 0.01   
creek chub Semotilus atromaculatus 0.00 0.00 0.003   
unidentified minnow Cyprinidae spp 0.14 0.00 0.03   

suckers Catostomidae         
quillback 
carpsucker Carpiodes cyprinus 0.00 0.00 0.002   

white sucker 
Catostomus 
commersonii 0.32 0.06 0.10   

creek chubsucker Erimyzon oblongus 0.00 0.00 0.004   
northern hog sucker Hypentelium nigricans 0.04 0.29 0.22   
golden redhorse Moxostoma erythrurum 1.71 1.35 1.59   

shorthead redhorse 
Moxostoma 
macrolepidotum 0.39 0.10 0.27   

redhorse species Moxostoma spp 0.00 0.00 0.03   
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Table A1-1 (continued). 
 

Mean catch per sample Family/ 
Species Scientific Name Sta. M Sta. 10 Overall 

State 
Listing 

(Status) 

North American 
catfishes Ictaluridae         
yellow bullhead Ameiurus natalis 0.89 0.45 0.73   
brown bullhead Ameiurus nebulosus 0.00 0.00 0.004   
channel catfish Ictalurus punctatus 0.07 0.39 0.56   
margined madtom Noturus insignis 0.00 0.00 0.002   

livebearers Poeciliidae         
eastern 
mosquitofish Gambusia holbrooki 0.00 0.00 0.01   

sculpins Cottidae         
Potomac sculpin Cottus girardi 0.00 0.00 0.002   

temperate basses Moronidae         
white perch Morone americana 0.00 0.00 0.002   

sunfishes Centrarchidae         
rock bass Ambloplites rupestris 0.21 0.74 0.45   
redbreast sunfish Lepomis auritus 22.82 21.06 21.76   
green sunfish Lepomis cyanellus 0.07 0.13 0.07   
pumpkinseed Lepomis gibbosus 0.75 0.29 0.38   
warmouth Lepomis gulosus 0.00 0.00 0.01   
bluegill Lepomis macrochirus 1.89 0.90 1.69   
longear sunfish Lepomis megalotis 5.39 3.06 4.30   
sunfish spp Lepomis spp 1.25 0.42 0.53   
smallmouth bass Micropterus dolomieu 2.54 2.81 3.42   
largemouth bass Micropterus salmoides 0.39 0.16 0.45   
white crappie Pomoxis annularis 0.00 0.00 0.03   
black crappie Pomoxis nigromaculatus 0.11 0.10 0.17   
Centrarchidae spp Centrarchidae 0.18 0.03 0.03   

perches Percidae         
greenside darter Etheostoma blennioides 0.00 0.03 0.05   
tessellated darter Etheostoma olmstedi 0.29 0.42 0.23   
yellow perch Perca flavescens 0.00 0.00 0.004   
walleye Sander vitreus 0.00 0.00 0.01   
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Figure A1-1.  Electofishing stations sampled near the Dickerson Station from 1991 to 2001. 
Station M in the Monocacy River and Station 10 in the Potomac River near the Dickerson 
Station intake are specifically identified.  Data for these stations are summarized separately in 
Table A1-1. 
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Appendix 2 
Methods for Estimating Equivalent Adult Losses of Channel Catfish Due to Entrainment 
and Impingement Mortality 
 
The PIC proposed translating entrainment losses into equivalent adult losses as illustrated in the 
EPA case study documents (USEPA 2002).  The basic idea behind the equivalent adult 
computation (Vaughan and Saila 1976, and Goodyear 1978) is to express losses of young fish 
which are killed by entrainment or impingement as numbers of individuals that might have 
survived to adulthood if they had not been killed by entrainment or impingement.  This analysis 
was done only for channel catfish due to a lack of appropriate life history data for other species 
which are entrained.  It is useful to focus on channel catfish because it is the primary recreational 
species affected by entrainment – the other entrained species groups are primarily forage fishes.   
 
The estimate of equivalent adult loss was computed as: 

 
EAc = Nc  SAc        (Eq. A2.1) 

 

Where: 
 

   c =  Ordinal number for cohort, i.e. year of entrainment or age and year at impingement, 
 EAc = Equivalent Adult loss, 
 Nc  = Number of fish lost due to entrainment or impingement mortality, 
 SAc = Survival fraction, i.e. fraction of fish expected to survive from the age at which they 

are entrained or impinged to the age of equivalence. 
 
Survival rates were expressed on an age class-specific basis, so that the fraction surviving from 
year to year to adulthood is expressed as the product of survival fractions for all of the age 
classes through which a fish must pass before reaching adulthood.  Thus SA  and EA for a 
particular cohort would be: 
 

      SAc = Sc,i_init * Sc,i+1 *  . . . Sc,i_mature-1 ,   and 
 

EAc = Nc,i_init * Sc,i_init * Sc,i+1 *  . . . Sc,i_mature-1 , 

Where: 
 

i =  Ordinal number for age through which a fish would have passed before reaching 
adulthood if it had not been killed by entrainment or impingement; it ranges from the 
initial age of entrainment or impingement i_init, through theoretical future ages, to 
the age of sexual maturity minus 1, i_mature–1. 

 
EA for a particular cohort can be represented more compactly using the product symbol as: 
 

EAc  = Nc,i_init  ∏
−

=

1_

_

maturei

initii

 Sc,i           (Eq. A2.2) 

 (Above adapted from EPRI 2004 and 2005.) 
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Assignment of fish to age class is based on the mean length at each annulus for the Potomac 
River channel catfish population as reported by Davis and Enamait (1982).  These lengths at 
each annulus are as follows: 
 

Table A2-1.  Mean total length (TL) (mm) at each annulus for channel catfish  
Estimates from Davis and Enamait (1982). 

 

Age 
Class: 1 2 3 4 5
TL (mm) 109 188 255 299 328

 
The age of maturity of channel catfish is assumed to be 4 years (EPRI 2005).  The EPRI 
document assumed a constant annual mortality rate for Ages 1 to 3; the range in annual 
instantaneous mortality estimates was: 
mid-point estimate, 0.6;  minimum, 0.314;  maximum 0.88;   
The corresponding range in survival rates are: 
mid-point estimate, 54.9%;  minimum, 41.5%;  maximum, 73.05% 
 
The mortality rate for Age 0 juvenile catfish at transformation from the larval period was 
computed following the approach or Lorenzen (2000): i.e., daily mortality rate at length L is 
given by: 

ML = Mr (L/Lr)
c
 – where c is approximately equal to – 1 .     (Eq A2-3) 

 

Where: 

Mr  = Daily mortality at the reference age i.e. the mortality rate for Age 1 catfish  
(range of annual mortality rates noted above / 365) 
L = length of the entrained metalarval/juvenile catfish  (15.2 mm) (Table 2-8) 

Lr = equals the length at the reference age, which is 109 mm for the initial Age 1 length  
(Table A2-1). 
c is a constant estimated by experimental releases of tagged fish as approximately equal to be – 1. 
 
The aggregated mortality over the duration of the juvenile period (M_annual) is 
daily mortality rate * duration of juvenile period (approximately 330 days) 
 

Fractional Age 0 juvenile survival (Sc,0) = e –M_annual 
 

So the mid-point daily Age 0 juvenile mortality rate is estimated as: 
 

(0.6/365) * (15.2/109)–1 = 0.0118 ; 
 

the overall annual Age 0 juvenile mortality rate is; 
 

0.0109*330 = 3.890 ; 
 

and Age 0 juvenile survival rate is 2.04%: 
( e –3..89 = 0.0204 or 2.04%) 
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The range in Age 0 juvenile annual instantaneous mortality estimates (based on the range of  
Age 1 mortality estimates) is: 
mid-point estimate, 3.89;  minimum, 2.036;  maximum, 5.705 
 
The corresponding range in survival rates is: 
mid-point estimate, 2.04%;  minimum, 0.33%;  maximum, 13.06% 
 
Based on the fact that the majority of channel catfish collected were near the transition between 
the larval and juvenile periods all entrainment losses were assumed to occur at the beginning of 
the juvenile period and the equivalent loss estimates were computed using Equation A2-2.  
 
For impingement it was assumed that it could occur through out the year; i.e.  some fish may be 
impinged at the end of the year and would have had a much higher natural survival rate than 
those impinged at the beginning of the year.  Assuming equal vulnerability throughout age class, 
i_init, the survival fraction for age class, i_init is adjusted as follows: 
 

)1ln(
_

* 
_

_    2 initiS
initiiniti eSS

+−=       (Eg. A2-4) 
 

Adapted from USEPA 2002 and EPRI 2004.  See EPRI 2004 for derivation. 
 
The adjusted fractional survival is higher than the unadjusted value.  For example, the Age 0 
adjusted juvenile survival rate is increased from 2.04% to 4.01% and the adjusted Age 1 survival 
rate is increased from 54.88% to 70.87%. 
 
For impingement estimates there was little length data available to assign ages.  The length range 
suggested primarily Age 0 to Age 2 channel catfish were impinged.  An even representation of 
Ages 0 to 2 was assumed for the historic and recent studies. 
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Appendix 3 
Historic Methods for Estimating Impacts of Entrainment on Spawning and Nursery Areas 
of Consequence 
 
 
Summary of Evaluation Done by the Martin Marietta Environmental Center (MMEC) for 
the Maryland Power Plant Siting Program (PPSP) 
 
This section contains excerpts (in italics) from the MMEC entrainment impact assessment 
report (Summers and Jacobs 1981). 
 
Introduction 
 
The purpose of the MMEC entrainment evaluation was to determine independently, based on 
extant information, whether cooling system or plume entrainment at the Dickerson facility affects 
spawning and/or nursery areas of consequence for any RIS found in the freshwater portion of the 
Potomac River. [Plume entrainment refers to early life phases in the river which enter the 
thermal plume and are entrained by it.] The RIS examined in this assessment of entrainment 
impact are listed in Table [A3-1]. Only potential effects on finfish populations are evaluated. No 
assessment of cooling water impact on RIS insects or other invertebrates is attempted due to a 
lack of adequate data.  The impact of potential losses to RIS populations are evaluated both in 
terms of a biologically meaningful measure of loss in the riverine ecosystem's productivity and in 
terms of potential economic value changes in the freshwater Potomac recreational fishery. 
 
Table A3-1.  Species included in MMEC entrainment impact evaluation.  All species were 
considered RIS except spotfin shiner and bluntnose minnow.  Some species were evaluated in 
groups including sunfishes, suckers & redhorses, and bullheads & catfishes. 

 

Spottail shiner Notropis hudsonius 
Spotfin shiner (non-RIS) Cyprinella spiloptera 
Bluntnose minnow (non-RIS) Pimephales notatus 
White sucker Catostomus commersonii 
Brown bullhead Ameiurus nebulosus 
Channel catfish Ictalurus punctatus 
Redbreast sunfish Lepomis auritus 
Other sunfish (aggregate) Lepomis spp 
Smallmouth bass Micropterus dolomieu 
Largemouth bass Micropterus salmoides 

 
 
The MMEC report contains a summary of the assessment methodology and its application for the 
Dickerson Station. A more complete description of the computational procedures can be found in 
Polgar et al. (1979).  Sections of the MMEC report related to the evaluation of population level 
effects are reviewed here.  Please see the original report for the details of ecosystem economic 
and productivity evaluations.  It should be noted that these other evaluations indicated minimal 
effects.  The overall potential economic loss to the recreational fishery due to entrainment was 
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estimated at approximately $1,000.  The overall ecological effect on system-wide energy flow 
was estimated as less than 0.1 grams per 100 grams of net primary productivity. 
 
 
 
Evaluation Area – Conditions and Boundaries 
 
The Dickerson Steam Electric Station is located on the Potomac River in Montgomery County, 
Maryland approximately 1 kilometer downstream from the confluence of the Potomac and 
Monocacy Rivers. The water source used for cooling at the plant is a unidirectionally flowing 
river.   The dimensions of the thermal plume tend to vary characteristically according to plant 
load and natural river discharge.  
 
The MMEC report concluded unidirectional flow would mean that there would essentially be no 
recirculation; however we have observed water flowing "upstream" during low flow periods so 
there could be recirculation under certain conditions.  Nevertheless Mirant concurs that a small 
amount of recirculation could be ignored in this evaluation.  Presumably recirculation would 
reduce entrainment impacts because recirculated water should have fewer live eggs and larvae. 
 
System boundary conditions for the assessment evaluation of the Dickerson SES were based on 
the extent of available geological data, the life history and spawning characteristics of the  
species involved, and physical factors affecting the Potomac River. As indicated in Figure 
 [A3-1], the effective boundaries chosen for this analysis are in the Piedmont region of the upper 
Potomac River, from River Mile 125 (Great Falls) to RM 210 (Williamsport, Maryland). The 
lower boundary (Great Falls) was chosen as the furthest downstream point from where juvenile 
finfish could swim upstream and encounter the thermal plume (i.e., the boundary region between 
the Maryland middle Piedmont and the Atlantic Coastal Plain). Movement from areas 
downstream of Great Falls over the fall line towards the Dickerson SES is not possible. 
 
The MMEC report indicated that the upstream boundary (Williamsport, Maryland) was chosen 
as the upstream extent of the Piedmont region of the Potomac River. The report notes that the 
river upstream of Williamsport is more often characterized by pool and riffle environments 
rather than valley regions as at Dickerson where longer, smoother stretches of water occur. 
 
It should be noted that Williamsport is actually located in the Great Valley section of the Valley 
and Ridge province (Figure A3-2) which is in a wide valley with low relief.  Further west in the 
Folded Appalachian Mountains Section the geology is characterized by strongly folded and 
faulted rock (Maryland Geological Survey 2001).  In addition, there is a change in land use from 
predominately pasture and other grasses in the Piedmont and Great Valley Section to forest in 
the Folded Appalachian Mountains Section.  Such changes in land use are typically associated 
with changes in fish communities.  (See land use maps at Appalachian Laboratory, University of 
Maryland Center for Environmental Science (AL/UMCES 1992) and Interstate Commission on 
the Potomac River Basin  (ICPRB 1997) web sites.)  Thus the evaluation area boundaries seem 
quite appropriate even if the province designation should perhaps be changed. 
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Figure A3-1.  Potomac River Basin and boundaries of Dickerson Station entrainment evaluation area 
(adapted from Summers and Jacobs 1981).
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Figure A3-2.  Maryland physiographic provinces and boundaries of Dickerson Station 
entrainment evaluation area (the latter adapted from Summers and Jacobs 1981).   
 
 
Methods 
 
MMEC noted that most species in the evaluation area are generally adapted to avoid drift in their 
early life phases.  Fishes such as catfishes, sunfishes and largemouth bass and smallmouth bass 
build nests,  while others lay adhesive eggs or lay eggs in protected areas (Breder and Rosen 
1966; Loos et al. 1979).  As a consequence they are generally not vulnerable to entrainment.  
Nevertheless some species do drift to some extent.   
 
MMEC estimated population losses in two ways: 1) the proportion (or fraction) of total life-
phase flux (or drift) past the plant and 2) fraction of life-phase population for the Potomac River 
evaluation area.  Both methods compute fractional entrainment losses independent of other 
sources of mortality, which is sometimes referred to as the conditional mortality approach 
(Boreman et al. 1981; Vaughan 1988). 
 
Flux or Drift Method.  The first was an alternate, perhaps more sophisticated version, of the 
fractional drift method of ANSP.   It estimated the proportion entrained based of flow estimates 
for channel and shore areas and phase specific densities in the channel and shore zones.  It also 
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included plume entrainment which the ANSP study did not consider.  The following are 
simplified versions of the expressions used to estimate loss assuming zero recirculation: 
The flux estimates of the species/life-phase specific population losses caused by in-plant 
entrainment were computed as: 
 

  P_ij  =  EntrainmentRate_ij* EntrainmentMortalityRate_ij /  (NearShoreDriftRate_ij + ChannelDriftRate_ij ) 
 

Where: 
  i = Subscript indicating species  
  j = Subscript indicating Phase 
  EntrainmentRate_ij  =  PlantFlow * LifePhaseDensityNearShore_ij) 
  NearShoreDriftRate_ij  =  NearShoreFlow * LifePhaseDensityNearShore_ij 
  ChannelDriftRate_ij  =  ChannelFlow * LifePhaseDensityChannel_ij 
 
The flux estimates of the species/life-phase specific population losses by entrainment in the 
thermal plume (where plume is specified by an increase temperature of 2 oC or greater) were 
estimated as: 
 

W_ij = ( NearShorePlumeEntrainmentRate_ij + ChannelPlumeEntrainmentRate_ij) * PlumeMortalityRate_ij 
 

Where: 
NearShorePlumeEntrainmentRate_ij 
= NearShoreDriftRate_ij * (PlumeCXareaNearShore / TotalCXareaNearShore)   [CXarea=Cross Sectional Area] 
 

ChannelPlumeEntrainment_ij 
= ChannelDriftRate_ij * (PlumeCXareaChannel / TotalCXareaChannel) 
 

 (Note: These are simplified versions of MMEC computational equations.) 
 
The various flow and river geometry inputs that were needed for the flux/drift method are 
summarized in Table A3-2.  The egg, larval and entrainable juvenile densities in channel and 
shore zones were extrapolated from the ANSP study data; these are summarized in Table A3-3.  
While the linkages between the density extrapolations and the ANSP data are not very 
transparent, they are accepted at face value since they would be difficult to re-compute. 
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Table A3-2.  Flow and river geometry estimates used in MMEC entrainment loss computations.  
Adapted from MMEC report (Jacobs and Summers 1981). 

 

Mean total discharge of Potomac River  269.6 m3/s a 

Discharge in near shore zone   22.5 m3/s a,b 

Discharge in channel zone   247.1 m3/s a,b 

Plant cooling system flow  13.9 m3/s b 

Recirculation rate  0 m3/s b 

Cross-sectional area of receiving water body  396 m2 b 

Maximal cross-sectional area of excess 2oC isotherm  141.9 m2 b 

Maximal cross-sectional area of excess 2oC isotherm  33 m2 b 

near-shore region     

Maximal cross-sectional area of excess 2oC isotherm  109 m2 b 

channel region     

Cross-sectional area of near shore zone  33 m2 b 

Cross-sectional area of channel zone  330 m2 b 
 

a USGS River Discharge data for (1961-1976) 
b ANSP (1979) or computed from (ANSP 1979) 
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Table A3-3.  Fish egg, larval and entrainable-juvenile inputs to the MMEC entrainment loss 
computations:  densities near the plant site (near shore and in the channel), overall regional 
densities, phase duration and the duration of the nursery period during which they are subject to 
entrainment.  Adapted from Jacobs and Summers 1981.  
 

  Life Phase Density (N/1000 m3) a Duration (days) 

  Plant Site  Overall   Nursery/ 

Species Phase Near  Chan.  Regional  Life Entrain.
  Shore    Mean  Phase Period

Spottail shiner Eggs 34.1  31.5  - c < 7 60

 Larvae 58.6  39.1  31.5  20 52

 Juv. b 0 d 0 d 1  60 60

Spotfin shiner Eggs 5.6  3.8  - c < 7 60

 Larvae 1.2  0.8  89.1  20 60

 Juv. b 0 d 0 d 11.6  60 60

Bluntnose minnow Eggs 0 e 0 e - c 2 60

 Larvae 0.8  0.6  60.2  40 60

 Juv. b 0.02  0.02  4.4  100 60

Suckers Eggs 0.4  0.4  - c 17 45

 Larvae 4.9  3.6  22.8  20 60

 Juv. b 0.06  0.03  0.2  50 60

Channel catfish Eggs 0 e 0 e - c 5-10 30

 Larvae 13  13  7  35 50

 Juv. b 0.5  0.5  0.6  45 70
Redbreast 
sunfish Eggs 0 e 0 e - c 10 25

 Larvae 0.5  0.3  0.5  30 45

 Juv. b 0.07  0.03  0.2  90 90

Other sunfish Eggs 0 e 0 e - c 10 30

 Larvae 0.8  0.5  0.8  30 30

 Juv. b 0.07  0.03  0.1  75 75

Smallmouth bass Eggs 0 e 0 e - c 5 40

 Larvae 0 e 0 e 1.8  25 30

 Juv. b 0 d 0 d 0.06  70 60

Largemouth bass Eggs 0 e 0 e - c 4 40

 Larvae 0 e 0 e 1.5  30 35

 Juv. b 0 d 0 d 0.01  75 50
 

a  Extrapolations from ANSP reports. 
b  Entrainable juveniles, also referred to in MMEC report as post-larvae. 
c  Density of eggs not measured but due to life history characteristics of species, early life phases generally not 

found in water column (i.e., adhesive eggs, nests, larvae with cement glands or in nests) and not available for 
entrainment except for small portions of the population. 

d  Not found in ichthyoplankton samples. 
e  Not found in water column samples: due to life history characteristics, these life phases are not to be expected.    
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Regional Population Loss Analysis Methods.  The second approach was based on computation 
of losses as a fraction of the total regional population production of each life phase.  The 
denominator was the regional production estimate computed by multiplying estimates of overall 
regional densities by the river volume in the area and by the number of generations of the given 
life phase during the nursery period.  The following is a simplified version of the computational 
expressions which were used. 
 
The regional estimates of population losses caused by in-plant entrainment were computed as: 
 

P’_ij  =  NumberEntrained_ij * EntrainmentMortalityRate_ij  / RegionalPopulationProduction_ij 
 

Where: 
NumberEntrained_ij  =  EntrainmentRate_ij * DurationOfNurseryPeriod_ij  
RegionalPopulationProduction_ij = OverallMeanRegionalDensity_ij * RegionRiverVol.* 
NumberOfLifePhaseGenerations_ij 
NumberOfLifePhaseGenerations = DurationOfNurseryPeriod_ij / DurationLifePhase_ij 
 

The regional estimates of population losses caused by plume entrainment were computed as: 
 

W’_ij  =  NumberEntrainedByPlume_ij * PlumeEntrainmentMortalityRate_ij / RegionalPopulationProduction_ij 
 

Where: 
NumberEntrainedByPlume_ij  =  DriftRate_ij * PlumeEntrainmentProbablity_ij * DurationOfNurseryPeriod_ij. 
 
The method of computing the probability of plume entrainment for the regional computations 
was not specified but it presumably was analogous to the methods used to estimate the fraction 
of the drift entrained by the plume in near shore and channel zones by the flux method (i.e., a 
function of the cross-sectional areas). 
 
MMEC assumed a 100% entrainment mortality rate although it was recognized that it could be 
much lower, given entrainment mortality data in the ANSP report.  The plume entrainment 
mortality (i.e. mortality caused by exposure of early life phases to heated discharge water) was 
assumed to range from 1 to 10% depending on the life phase; however the phase specific rates 
were not provided. 
 
Aggregation over Life Phase and Mode of Entrainment.  Losses were aggregated by species 
over the three life phases (i.e., egg, larval and juvenile phases) and mode of entrainment as 1 
minus the product of fractions not killed by entrainment (i.e. the sum of plant and plume 
entrainment survival fractions, namely 1-P_ij  plus 1-W_ij for the flux method and 1-P’_ij  plus 
1-W’_ij) for the regional method: 
 
The flux method estimates are: 
P_i = 1 – (1-(P_i1 + W_i1)) * (1 - (P_i2 + W_i2)) * (1 - (P_i3 + W_i3)) 
 
The regional method estimates are: 
P’_i = 1 – (1 - (P’_i1 + W’_i1)) * (1 -  (P’_i2 + W’_i2)) * (1 - (P’_i3 + W’_i3)) 
 
where 
i1, i2, and i3 indicate eggs, larvae and entrainable juveniles of species i. 
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EXECUTIVE SUMMARY 

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

measures as requested by the Maryland Department of the Environment (MDE) that have the 

potential to reduce impingement mortality and entrainment (IM&E) at Mirant Mid-Atlantic, 

LLC’s (Mirant) Dickerson Generating Station (Dickerson).   

Alden Research Laboratory, Inc. (Alden) has assessed alternative intake technologies for 

Dickerson that are likely to meet the IM&E or IM only.  The costs associated with technological 

or operational options can be used to determine the compliance strategy that is most desirable at 

Dickerson. 

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

No adjustment for potential, calculation baseline credits have been applied to performance 

estimates.  Closed-cycle cooling is not considered in this report.   

Should any of the technologies or operational measures discussed in this report be required, it is 

recommended that pilot studies be conducted prior to full-scale deployment. Collection of 

biological and operational data would provide information that could affect the ultimate cost 

and/or performance of the technology. 

The costs were based on quantities derived from the conceptual design for each option and cost 

data from other projects that were adjusted for identifiable differences in project sizes and 

operations.  Estimated operation and maintenance costs (O&M) costs were developed for each 

option.   

Some key findings of Alden’s analysis include: 

 Three options that would reduce both IM&E are deemed practicable from an engineering 

standpoint.  The three options include the construction of a new screenhouse with fine-

mesh (0.5 mm) traveling water screens with fish protection features and an approach 

velocity of 0.5 ft/sec, narrow-slot (0.5 mm) wedgewire screens, and modified facility 

operations.   

 Fine-mesh traveling water screens modified with fish protection features would prevent the 

entrainment of most organisms at Dickerson.   

 Narrow-slot wedgewire screens would virtually eliminate IM&E at Dickerson.  These 

screens would have also met the Compliance Alternative 4 in the now withdrawn Phase II 

§ 316(b) Rule (the Rule).  Uncertainties associated with operation and maintenance of 

these screens would require a more detailed investigation.   

 At the maximum design flow at Dickerson, the circulating water requirements for the 

facility amounts to 6% of the mean annual river flow.  Limiting the flow to one pump at 

high speed for two of the units and operating the other unit at full flow would put 

Dickerson under the 5% of the mean annual flow.  In the now withdrawn Rule, this 

would have eliminated the need to reduce entrainment.  Reducing intake flow would 

result in a loss of generation or an increase in thermal discharge.  Alden has assumed a 
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375,566 MWh annual loss in generation.  Further investigation of the potential to relax 

current thermal limits and extent of generation losses would need to be assessed to 

determine the actual loss in generation and is beyond the scope of this evaluation.    

 The Alden estimated construction costs including construction related shutdowns for the 

evaluated alternatives ranged from $0 for modifying facility operations to $167,805,000 

for narrow-slot cylindrical wedgewire screens.   

 If Dickerson does not need to reduce entrainment there are three technologies that could be 

installed to reduce IM only: replace the existing traveling screens with coarse-mesh (9.5 

mm) traveling water screens with fish protection features; install wide-slot (9.5 mm) 

wedgewire screens; and, install a coarse-mesh (6.4 mm) barrier net.   

 Coarse-mesh screens with fish protection features could be installed in the existing intake 

to reduce IM.   

 Wide-slot cylindrical wedgewire screens would virtually eliminate IM and would have met 

Compliance Alternative 1 for IM in the now withdrawn Rule.  The screens would be 

mounted on a slide gate to reduce maintenance, compared to a pipe-mounted system.  

The screens would still be susceptible to siltation. 

 A barrier net at Dickerson would eliminate IM when deployed.  Maintaining the net during 

the fall and winter or during periods of heavy debris is not expected to feasible; therefore, 

Alden assumed the net would be installed from May through October.  This period 

encompasses the bulk of impingement.   

 The estimated construction costs including construction-related shutdowns to reduce IM 

range from $954,000 for a seasonal barrier net to $125,608,000 for wide-slot wedgewire 

screens.   
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1.0 INTRODUCTION 

In March, 2007, in response to the Second Circuit Court (Court) decision, the United States 

Environmental Protection Agency (EPA) issued a memorandum to EPA Regions announcing 

that it was suspending the Phase II Rule (the Rule) and that ―Best Professional Judgment‖ (BPJ) 

would be used to address §316(b) in individual National Pollutant Discharge Elimination System 

(NPDES) permits.  This was followed by a notice in the Federal Register on July 9, 2007 that 

formalized EPA’s Rule decision to states and other stakeholders. 

EPA has initiated work on making revisions to the Rule to address the issues raised by the Court.  

In doing so, it is anticipated that EPA will be limited to basing the Rule on the use of fish 

protection technologies and operational measures to reduce impingement mortality and 

entrainment.  However, the Supreme Court has decided to review the Court decision relative to 

consideration of the environmental benefits relative to the costs.  Therefore the costs of 

alternative fish protection technologies and operational measures relative to the reductions in 

impingement and entrainment may be a factor in ―Best Technology Available (BTA) selection in 

a revised Rule.   

Mirant Mid-Atlantic, LLC (Mirant) 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 Dickerson Generating Station 

(Dickerson), located in Montgomery County, Maryland.  This evaluation provides an updated 

technology assessment for Dickerson as requested by the Maryland Department of the 

Environment (MDE).   

The report is divided into the following sections.   

 Section 2 – provides a plant description  

 Section 3 – provides an assessment of fish protection technologies  

 Section 4 – provides a description of technologies with potential to reduce either 

impingement mortality and/or entrainment at Dickerson 

 Section 5 – provides a cost analysis 

 Attachment A – Detailed Evaluation of Alternatives 

 Attachment B – Detailed Cost Estimates 

 Attachment C – Biological Efficacy Estimates 
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2.0 PLANT DESCRIPTION 

Dickerson is located in Montgomery County, Maryland on the eastern shore of the Middle 

Potomac River at River Mile 250.3, approximately 33 miles northwest of Washington D.C. 

(Figure 2-1).  An aerial photograph of the plant is provided on Figure 2-2.  Dickerson consists of 

6 generating units.  Units 1, 2 and 3 are once-through cooling units.  The other three units are 

combustion turbine units.  Units 1 through 3 are each rated at 191 MW.  The three combustion 

turbine units have a total generating capacity of 160 MW during the summer and 181 MW 

during the winter.  The total facility generating capacity is 733 MW during the summer and 754 

MW during the winter.  The maximum design circulating water intake flow for the once-through 

units is 635cfs (285,000 gpm).  However, the circulating water pumps can operate at a low speed 

which reduces the design circulating water flow to 354.3 cfs (159,000 gpm). A summary of 

pertinent plant information is provided in Table 2-1. 

The Proposal for Information Collection (PIC) for Dickerson includes a detailed description of 

the location, design and operation of the Dickerson cooling water intake structure (CWIS) (EPRI 

2007).  A summary of the information in the PIC, including additional site-specific data 

compiled for this evaluation, is presented in sections 2.1 through 2.3.   

2.1. Cooling Water Intake Structure Description 

Dickerson withdraws circulating water from the Potomac River through a single, shoreline 

CWIS.  The CWIS serves the three once-through cooling units and includes two service water 

bays.  Each unit has two circulating water pumps (6 pumps total) withdrawing cooling water 

through six intake bays.  Three service water pumps withdraw service water through two intake 

bays located adjacent to the Unit 1 intake bays.  Each intake bay has a bar rack, stoplog gate and 

a traveling water screen.  The top deck of the CWIS is at elevation El. 250.0 ft (all elevations 

refer to mean sea level [MSL]).  The invert of each bay is at elevation El. 178.0 ft.  Each screen 

bay is 11.2 ft wide and the service water bays are 7.2 ft wide.  A plan and section of the intake 

structure is provided on Figure 2-3 and Figure 2-4.   

Bar racks are located at the face of the intake to prevent ice and large debris from entering the 

CWIS.  The bar racks have 3.5 inch by 0.5 inch bars spaced 3.5 inch on-center and have an 

invert at elevation El. 178.0 ft.  Under normal conditions these racks are cleaned once per 12 

hour shift.  During extreme debris loading conditions, which typically occur in November and 

December and then again in March and April, the racks are cleaned continuously.   

Traveling water screens for Units 1 through 3 are located about 9.0 ft downstream of the bar 

racks.  Each of the once-through traveling water screens has 0.38 inch (9.5 mm) square mesh 

openings and a basket width of 10.0 ft.  The screens are typically rotated at 10 ft/min once every 

12 hours. When debris loading is high the screens are rotated continuously.  A high-pressure (60 

psi) front spraywash system is used to remove impinged fish and debris from the screens.  Water 

for the spraywash is withdrawn from the circulating water pump discharges; therefore, they do 

not result in a net increase in the circulating water flow.  The wash water flows into a single 

trough which drops 55 ft vertically then travels approximately 575 ft to the head of the discharge 

canal.   
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There are two smaller screen bays in the CWIS which house the service water screens.  These 

screens are located about 9.0 ft downstream of the trash racks and have a basket width of 5 ft.  In 

2007, the service water screens were upgraded to Passavant-Geiger rotary-disk screens, to reduce 

debris carryover.   

Cooling water for each unit is provided by two cooling water pumps.  The pumps are located 

approximately 16.5 ft downstream of the traveling water screens.  Each pump has a design flow 

rating of 105.8 cfs (47,500 gpm) at high speed.  At low speed, the pumps are rated for a flow of 

59.0 cfs (26,500 gpm).  Dickerson also has 3 service water pumps located in the service water 

bays.  Each service water pump is rated at 12.3 cfs (5,500 gpm).   

The total circulating water flow rate with all six circulating water and three service water pumps 

in operation is 671.7 cfs (301,500 gpm).  This is the typical operation from May through 

October.  To prevent damage to the CWIS from ice and debris Dickerson operates at a reduced 

flow for a portion of the year.  In November and December and March and April, the circulating 

water flow is reduced to 402.4cfs (180,600 gpm), by operating two pumps per unit at low speed.  

During January and February only one circulating water pump per unit is operated.  The 

circulating water flow during this period is 354.3 cfs (159,000 gpm). 

Cooling water is discharged into the Potomac River via a canal that terminates approximately 

1,850 feet downstream of the intake structure.  The cooling water discharge canal also doubles as 

a recreational kayak course for the Bethesda Center of Excellence. 

2.2. Existing Hydraulic Conditions 

Dickerson is located at River Mile 250.3 which is within the freshwater portion of the Potomac 

River.  The mean low water level at the facility is at El. 193.6 ft (MSL).  The water surface 

generally ranges from El. 190.0 ft, the design low water, to El. 240.0 ft; the expected high water.  

The river flow at Dickerson is estimated by combining the flow from two upstream river gauges; 

USGS gauge 0164300, located approximately 18 miles upstream on the Monocacy River near 

Frederick, MD and USGS Gauge 01638500, located approximately 7.3 miles upstream on the 

Potomac River at Point of Rocks, MD.  For the last 10 calendar years on record (1998-2007) the 

average combined flow from these gauges is 10,648 cfs.  Using this river flow, the maximum 

design flow of Dickerson is 6% of the mean annual river flow.  This is above the 5% threshold 

stipulated in the withdrawn Rule, therefore Mirant would need to address both impingement and 

entrainment at Dickerson.   

Velocities within each intake were calculated using the design low water elevation and the 

maximum design intake flow (671.7 cfs).  The average velocity approaching the bar racks is 0.8 

ft/sec.  The average velocity approaching the traveling water screens is 0.9 ft/sec.  The velocity 

approaching the service water trash racks and screens is about 0.3 ft/sec.  When the circulating 

water pumps are operated at low speed, the velocity approaching the trash racks is 0.4 ft/sec and 

0.5 ft/sec approaching the traveling water screens.  The through-screen velocity at the traveling 

water screens is estimated to be almost twice the screen approach velocity. 
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2.3. Calculation Baseline 

Under the withdrawn 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 facility’s intake were constructed 

flush to the shoreline and incorporated no fish protection devices.  Also, a facility could claim 

credit for any existing technology or operational factors at the site that have resulted in a 

reduction in impingement and/or entrainment from what would be expected under the baseline 

conditions.  The existing CWIS and operations at Dickerson are similar to EPA’s baseline 

definition, but with two notable differences: 1) the existing traveling water screens return fish 

and debris back to the Potomac River, and 2) circulating water pumps are designed with two 

speeds allowing flow to be reduced during the winter.  Due to the design of the fish and debris 

return system and the timing of the flow reductions, these deviations are not expected to result in 

any benefit.  As a result, under the Rule Mirant was planning to use the ―as built‖ approach for 

the calculation baseline.     
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Table 2-1 Pertinent Project Data — Dickerson Generating Station 

Location 
Montgomery County, Maryland 

Latitude: N 39
o
 12’ 37’’ 

Longitude: W77
o 
28’ 01’’ 

Waterbody: Potomac River (just downstream of the confluence of the Monocacy and Potomac River) 

Waterbody: freshwater river  

NPDES permit number: MD0002640 

Estimated project intake flow 
Maximum flow: 671.74 cfs (301,500 gpm) (May through October) 
Medium flow: 402.4  cfs (180,600 gpm) (November and December, March and April) 
Low flow: 354.3 cfs (159,000 gpm) (January and February)  

River Flow (1997-2006 calendar years) 
Monocacy River: 

USGS Gauge #: 01643000  
Location: Monocacy River at Jug Bridge near Frederick, MD 
Location from plant: ~18 river miles upstream 
Flow: 950 cfs (1998-2007) 

Potomac River: 
USGS Gauge #: 01638500  
Location: Potomac River at Point of Rocks, MD 
Location from plant: ~7.3 river miles upstream 
Flow: 9,698 cfs (1998-2007) 

Combined river flow: 10,648 cfs 
Percent River flow: 

Max design: 6% (based on circulating water flow of 671.7 cfs) 
Design operations: 5%(based on average design circulating water flow of 541.3 

cfs) 
Intake velocities: (maximum design flow) 

Circulating water: 
Trash racks 0.8 ft/sec  
Traveling screens: 0.9 ft/sec 

Service water: 
Trash racks: 0.3 ft/sec  
Traveling screens: 0.3 ft/sec 

Water Level 
Elevations  

Design low water: El. 190.0 ft 
Mean lower low water: El. 193.6 ft 
High water: El. 240.0 ft 

Other info: all elevations refer to mean sea level 
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Table 2-1 (Continued) 

Project Structures 
Intake structure: 

Type: shoreline intake 
Number or bays: 8 (2 each for Units 1-3, and 2 for service water) 
Curtain wall 
Location: immediately behind trash rack 

Invert: El. 186.0 ft 
Opening height: 8 ft 

Top of intake opening: El. 250.0 ft 
Bottom of intake opening: El. 178.0 ft 
Bay width: 

Units: 11.2 ft 
Service water: 6.2 

Trash rack 
Location: face of the intake structure 
Bar size: 3.5 inch x 0.5 inch 
Clear spacing: 3inch on center 
Cleaning schedule: once every 12 hour shift or as needed 

Traveling water screens 
Location: ~ 10 ft from the trash rack 
Number: 8 (2 each for Units 1-3, and 2 for service water) 
Units 1-3 

Type: standard through-flow screens 
Screen width: 10.0 ft 
Basket height: 2.9 ft 
Invert: El. 178.0 ft 
Top: El 250.0 ft 
Screen height: 73 ft on-center 
Rotation speeds: 10 ft/min 
Motor size: 3 Hp 
Mesh size: 3/8in 

Service water 
Type: Passavant-Geiger Rotary Disk Screens 
Screen width: 5.0 ft 
Invert: El. 178.0 ft 
Top: El 250.0 ft  
Screen height: 75 ft on-center 
Rotation speeds: 10 ft/min 
Motor size: 1.5 Hp 
Mesh size: 3/8in 
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Table 2-1 (Continued) 

Cleaning 
Spray wash pumps: 3 (only two used with one in reserve) 
Spray wash pressure: 60 psi 
Spray wash volume: 

Units: 272 gpm 
Service: 136 gpm 

Screen cleaning schedule:  
Normal: twice per 12 hour shift 
Debris loading: automatically operate at high differential across screens 
Special operations: October and November, March and April the screens are 

rotated continuously due to debris loading 
Fish and debris return 

Type: metal trough 
Drop: 55 ft to ground (vertical) 
Length: 575 ft after drop 
Return Location: mouth of discharge canal, ~1,000 ft downstream of the intake 
 

Circulating water pumps 
Number of pumps: 6 (2 per unit) 
Type of pumps: vertical centrifugal dry pit 
Inlet elevation: 182.0 ft 
High speed operation 

Flow per pump: 105.8 cfs (47,500 gpm) 
Flow per unit: 211.7 cfs (95,000 gpm) 
Total circulating flow: 635.0 cfs (285,000 gpm) 

Low speed operation 
Flow per pump: 59.0 cfs (26,500 gpm) 
Flow per unit: 118.1 cfs (53,000 gpm) 
Total circulating flow: 354.3 cfs (159,000 gpm) 

Operation schedule per unit 
2 pumps high: May through October 
1 pump high one pump low: November and December, March and April 
2 pumps low: January and February 
Other: low speed used to prevent damage from large pieces of ice 

Service water pumps 
Number of pumps: 3 
Rating: 12.3 cfs (5,500 gpm) 
Uses: washwater, fire protection, etc. 
Total service water flow: 36.8 cfs (16,500 gpm) 

Cooling water discharge  
Location: downstream of intake structure 
Length: 1,748 ft 
Type: open canal 
Other: used as a whitewater training course 



 

12 

 

Table 2-1 (Continued) 

Power Generation 
Cooling type: 

Units 1-3: once-through cooling 
Units 4-6: combustion turbine  

 
Fuel Type:  

Units 1-3: coal 
Plant output: (rated) 

Units 1-3: 191 MW each 
Units 4-6: combined 

Summer: 160 MW  
Winter: 181 MW 

Plant design total:  
Summer: 733 MW  
Winter: 754 MW 

Unit Start-up: 
Unit 1: 1959 
Unit 2: 1960 
Unit 3: 1962 

 
Plant Operations: 

Units 1-3: baseloaded 
Units 4-6: peaking 

Plant capacity factor (2002-2005)  
Unit 1: 60.9% 
Unit 2: 63.5% 
Unit 3: 67.9% 
Plant Total: 64.1%   

Average annual energy: 3,217,068 MWh (2002-2005) 
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Figure 2-1  Dickerson Vicinity Map 
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Figure 2-2  Aerial Photograph
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Figure 2-3  Dickerson Units 1, 2 and 3 Intake – Plan 
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Figure 2-4  Dickerson Units 1, 2 and 3 Intake – Section 
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3.0 ASSESSMENT OF FISH PROTECTION TECHNOLOGIES  

3.1. Evaluation Criteria 

The selection of technologies for the protection of aquatic organisms to reduce impingement 

mortality and/or entrainment is based, in part, upon the species and life stages of fish near the 

intake, their temporal and spatial abundance, and their relative hardiness.  Technology 

performance is species-specific and therefore an understanding of current fish and shellfish 

populations is required to estimate the efficacy of potential technological options.  Based on 

available information, the species considered in this evaluation of alternatives are presented in 

Table 3-1.  

The withdrawn 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 technologies at Dickerson.  Dickerson withdraws water 

from the freshwater portion of the Potomac River.  Using the maximum design circulating water 

flow, the facility withdraws 6% of the mean annual river flow; therefore, the facility is expected 

to be required to reduce both IM&E.  Technologies that would reduce impingement mortality 

only were also evaluated as Mirant has the option to reduce the design intake flow to less than 

5% of the mean annual river flow, which would be under the entrainment threshold in the 

withdrawn Rule.  Additionally, the Supreme Court may determine that costs can be considered 

relative to the benefits.  If the Supreme Court rules to allow benefits to be compared with the 

costs a high cost entrainment technology could be ruled out while a lower cost IM only option 

may not.  

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

presented in Section 3.2.  The relative advantages and disadvantages of each fish protection 

alternative were assessed to select, for more detailed development, those alternatives that have 

the greatest potential to effectively protect fish.  The following criteria represent key aspects to 

any ultimately successful protection strategy and are not listed in order of priority. 

 Alternatives should be designed to reduce impingement mortality and/or entrainment of 

fish.  

 The primary period of protection is May 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. 
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 Alternatives should be compatible with the other aesthetic and recreational features of the 

region. 

3.2. Identification of Intake Alternatives with Potential for Application 

The available fish protection alternatives were subjected to a screening process to determine 

which technologies offered the greatest potential for practical application at Dickerson.  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 3-2.  A technology was considered to have potential for application at Dickerson 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 options under physical, hydraulic, and environmental conditions in 

which they may never before have been applied, Alden had to use its BPJ which is 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 only 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. 

Entrainment options for Dickerson will be limited by shallow water depth near the existing 

intake.  For example, small-diameter, narrow-slot wedgewire screens would be necessary to 

maintain proper submergence.  To maintain the necessary flow using small diameter screens, a 

large array of screen, using a large footprint, would be required. 

The existing CWIS at Dickerson has 0.38 inch (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-disk screens are all engineered with features to reduce IM&E.  Limited biological data 

exists for rotary-disk screens; therefore, Alden used data for Ristroph traveling screens to 
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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, which is designed to 

operate at velocities up to 10 ft/sec, has the potential to effectively divert most species at high 

velocities which requires smaller structures.  The existing velocities at Dickerson are fairly low 

and increasing the intake velocity to accommodate MIS would require extensive construction.  

Additionally, the MIS has not been shown to protect larval fish.  Therefore, this diversion 

technology is not considered a practical technology at Dickerson. 

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 3-2).  Wedgewire screens also have cleaning features that give them an 

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

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

intake water than conventional screens and bar racks.   

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 

3-2).  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
.  Dickerson would require nearly 28,500 ft

2
 of AFB to 

achieve this velocity.  Assuming a 6 ft water depth the AFB would need to be nearly a mile long.  

A barrier of this size would have a large visual impact and would be very difficult to maintain.  

The AFB material is also a ―soft‖ technology and would be prone to damage from large debris, 

which is an issue at Dickerson.  Based on the size of an AFB and anticipated debris issues, an 

AFB option has not been considered further.   

Fine-mesh barrier nets (<6.4 mm) are currently considered an experimental technology and are 

not available for reducing entrainment at this time.  Coarse-mesh nets (6.4 mm) designed with a 

0.5 ft/sec approach velocity could reduce impingement by excluding juveniles and adults.  This 

net would be susceptible to the same debris issues as an AFB and would required regular 

cleaning to remove debris accumulation and biofouling growth.  As there is adequate space to 

install a net at Dickerson, a detailed coarse-mesh barrier net design is included in this evaluation. 

3.3. Reduced Flow Alternative  

The existing pumps at Dickerson are designed to operate at two speeds, ―high‖ and ―low‖.  

Dickerson already reduces flow by up to 44% in winter by operating all the circulating water 

pumps at low speed.  During the summer when entrainment is highest, generation and water 

temperatures are also peaking so continuously operating at reduced flows could result in a 

significant reduction in generation or exceedance of existing thermal effluent limits.  Operating 

two units with only one pump and the third unit at full flow would reduce flow by 24% and 
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reduce the design intake flow to less than 5% of the mean annual river flow, eliminating the need 

to further address entrainment.  A second flow reduction alternative would be to reduce the flow 

at night or other periods of low generation demand without affecting the generation.  This would 

be especially effective at night when ichthyoplankton densities are greatest.  The magnitude of 

flow reduction that could be achieved without affecting generation and the extent of entrainment 

and impingement reduction cannot be predicted a priori.  This second flow reduction option may 

need to be coupled with a second entrainment reducing technology at Dickerson. 

3.4. Results of the Preliminary Screening 

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

reducing entrainment are:  

 Fine-mesh (0.5 mm) traveling water screens modified with fish protection features; 

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

 Modified facility operations  

In addition, options for only reducing impingement mortality are: 

 Coarse-mesh (9.5 mm) traveling water screens modified with fish protection features; 

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

 Coarse-mesh (6.4 mm) barrier nets. 

These technologies have proven biological effectiveness and have advantages over other 

concepts (Table 3-2).  All of these concepts have been previously developed to a level such that a 

conceptual design could be prepared for Dickerson.  As stated previously, closed-cycle cooling is 

not assessed as part of this report. 

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 4 and costs in Section 5.  
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Table 3-1  Commonly Impinged and Entrained Species at Dickerson 

Family Latin Name Common Name I/E/I&E 

Catostomidae sucker  E 

Centrarchidae Lepomis auritus redbreast sunfish I 

Lepomis gibbosus pumpkinseed I 

Lepomis macrochirus Bluegill I 

Micropterus dolomieu smallmouth bass I 

Micropterus salmoides largemouth bass I 

Cyprinidae Carassius auratus Goldfish I 

Cyprinella spiloptera spotfin shiner I & E 

Cyprinus carpio common carp I & E 

Notropis hudsonius spottail shiner E 

Pimephales notatus Bluntnose minnow E 

Ictaluridae Ictalurus punctatus channel catfish I & E 

Percidae Etheostoma blennioides Greenside darter E 

Etheostoma olmstedi tessellated darter E 
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Table 3-2  Initial Screening of Fish Protection Alternatives 

Concept 
Biological 

Effectiveness 

Proven 

Engineering 

Alternative 

Available 

Advantages 

Over Other 

Concepts 

Potential for 

Application at 

Dickerson 

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 No No No 

Wedgewire Screens (wide- and 

narrow-mesh) 
Yes Yes Yes Yes 
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Table 3-2 Continued 

Concept 
Biological 

Effectiveness 

Proven 

Engineering 

Alternative 

Available 

Advantages 

Over Other 

Concepts 

Potential for 

Application at 

Dickerson 

Collection Systems     

     

Modified Traveling  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 No No 
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4.0 TECHNOLOGIES WITH POTENTIAL TO REDUCE EITHER IMPINGEMENT 

MORTALITY AND/OR ENTRAINMENT AT DICKERSON 

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 4-1 and Table 4-2.  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. 

4.1. Impingement Mortality and Entrainment Reducing Technologies 

 

4.1.1. Fine-mesh (0.5 mm) Traveling Screens with Fish Protection Features 

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

Dickerson.  There are several types of screens available, including standard through-flow, dual-

flow, and rotary-disk screens.  All three of these screen types can be used in existing screenbays.  

Dual-flow and rotary-disk screens include features to eliminate debris carryover.  The biological 

efficacies of the three available screen types are expected to be very similar. 

Reducing the approach velocity to a traveling water screen may increase impingement survival; 

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/sec, and 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 

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

velocities (0.9 ft/sec at design low water) to determine if acceptable survival can be achieved.   

To provide Mirant with a conservative estimate of the cost associated to retrofit the CWIS with 

fine-mesh screens, Alden has assumed that a new intake designed to achieve 0.5 ft/sec approach 

velocity would be needed.  However, if the results of pilot-scale testing indicate that acceptable 

survival can be achieved at the existing 0.9 ft/sec 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 new intake has been provided in Attachments 

A and B, respectively.   
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To reduce the approach velocity to 0.5 ft/sec a new screenhouse would be built directly in front 

of the existing screenhouse.  This screenhouse would be equipped with nine, 14 ft wide screens 

which will screen the water for both the circulating and service water systems.  The existing 

screenwash water pumps would need to be upgraded to provide sufficient flow for both the high- 

and low-pressure spraywashes needed for the new screens.  The new intake will incorporate a 

new fish and debris trough designed for a smooth transition to the river.  This trough would 

discharge approximately 200 ft downstream of the intake to prevent re-impingement.  

Construction of the new screenhouse would require Dickerson to be shut down for 

approximately 4 months 

Traveling water screens with fish protection features collect and transfer 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 some stress 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 river 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: retention and 

survival.  Fine-mesh screens prevent the entrainment of some organisms (retention); 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 Dickerson is presented in Attachment C.  Based on the size of 

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

greater than 80% for most species.  One notable exception is common carp, which, because of 

the small size of the entrained larvae, is not expected to be retained in high numbers with a 0.5 

mm mesh.   

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

to be low, because the post-collection survival for most larvae is expected to be low.  Based on 

existing literature, the expected survival of greenside darter, spotfin shiner, bluntnose minnow, 

spottail shiner, tessellated darter, and common carp are expected to be below 50%.  Of the 

commonly entrained larvae at Dickerson, only channel catfish (91.5%) and members of the 

family Catostomidae (62.0%) have shown post-collection survival 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 all of the commonly impinged species at 

Dickerson exceeds 80%.   

Conclusion 

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

Based on data from other sites and laboratory testing, the survival of commonly entrained 

species is expected to be fairly low.  A pilot study at the existing velocities is recommended to 

determine post-collection survival of larval fish.    
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4.1.2. Narrow-slot (0.5 mm) Cylindrical Wedgewire Screens 

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

round.  Debris loading of the wedgewire screens from October through December and March 

and April may be an issue but additional O&M procedures during the high debris periods may be 

able to mitigate any operational issues.  Alden has assumed that stainless steel screens can be 

used.  Using screens made of Z-alloy (an antifouling copper alloy) is one option for dealing with 

biofouling if it were problematic at Dickerson.  However, using such screens could raise copper 

levels beyond desirable or permitted limits.  Therefore, if biofouling is significant, additional 

O&M associated with frequent manual cleaning may be required. 

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

The screens would be mounted to 6 ft diameter intake pipes buried in front of the existing 

screenhouse.  To assure that there is adequate water depth at the screen the river bottom would 

need to be excavated to El. 178 ft and one of the debris deflector groins removed.  Setting the 

screens at this depth would place the screens below the natural grade of the river which could 

lead to excess sedimentation.  Alden has assumed that the divers would need to inspect the area 

annually and after high flow events.  Hydraulic dredging may be required periodically to remove 

excess siltation.  The intake pipes would discharge into a common plenum created in front of the 

screenhouse to ensure even flow distribution to all the circulating water pumps.  Construction of 

this alternative would require Dickerson to shut down for approximately 8 months. 

An air backwash system was included to remove debris and organisms impinged on the screens.  

River currents should be sufficient to transport fish and debris removed by the air backwash 

away from the screens.  As the screens would be susceptible to impact from debris and ice, semi-

annual inspection of the screens would be needed.  During this inspection any visible biofouling 

or impinged debris would be removed.  Emergency bypass gates will be incorporated into the 

plenum walls to allow flow to bypass the screens in the event of heavy debris blockage of the 

screens.  The traveling water screens will need to be left in place and maintained, so they can be 

rotated in the event that the wedgewire screens need to be bypassed. 

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 Dickerson, the 

magnitude of the sweeping currents at the selected location 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.  

Detailed discussions of the efficacy of wedgewire screens and predicted exclusion of commonly 
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entrained species at Dickerson are presented in Attachment C.  In addition, this option was a pre-

approved technology (Compliance Alternative 4), under the now withdrawn Rule. 

Conclusion 

If this technology can be maintained it would likely have the highest biological efficacy of any 

IM&E reduction technologies.  However, there are feasibility issues that need further evaluation 

prior to their use: 1) the river bed geology near the intake would need to be examined to 

determine if excavation is feasible; 2) silt transportation in the river would need to be determined 

to see if maintaining a large excavated area is feasible; and, 3) operational data would be needed 

to ensure proper operation during periods of heavy debris loading and icing conditions in the 

river.  

4.1.3. Modified Facility Operations to Reduce the Circulating Water Flow  

The existing circulating water pumps at Dickerson are designed to be operated at either high 

(105.8 cfs) or low (59.0 cfs) speed.  This, along with the design of the condenser water boxes, 

allows the facility to be operated in three modes: both pumps per unit at high speed; one pump 

per unit at high speed and, both pumps at low speed.  Currently the facility reduces the 

circulating water flow during the winter and spring when large debris and ice could damage the 

screens.  These flow reductions do not coincide with periods of high organism abundance.   

The flexibility available with the existing configuration would allow Mirant to reduce the flow 

during periods of high organism abundance.  Two potential flow reduction options were 

considered:  1) reducing the design circulating water flow to less than 5% of the mean annual 

river flow, or 2) reducing the flow when demand is low.  Both these options are described in this 

section.   

Reducing the design intake flow to below 5% of the mean annual river flow would eliminate the 

need for Dickerson to further reduce entrainment by putting the flow under the flow threshold for 

river facilities in the now withdrawn Rule.  To achieve this flow reduction, Mirant would have to 

operate two units with one pump at high speed and the third unit at full flow.  Operating in this 

fashion would result in a total circulating water withdrawal of approximately 480 cfs.  This flow 

is only a 24% reduction from full flow (635 cfs) and is 4.5% of the average annual river flow.  

Operating in this manner is expected to result in a reduction in generation when both generation 

and water temperatures are peaking.   

A second flow reduction option is to operate the pumps at reduced flow during periods of low 

generation while maintaining the minimum flow required to meet thermal and turbine 

backpressure requirements.  Operating both pumps per unit at low speed Mirant would be able to 

reduce the flow by 44% from full flow.  If only one pump per unit can be operated flow would 

be reduced by 37%.  This flow reduction would be especially effective at night when generating 

demand is lowest and the densities of several commonly entrained species are highest 

(Attachment A).  The actual level of flow reduction achieved by this method without reducing 

generation would vary throughout the entrainment season (May through August).  Even if the 
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flow can be reduced by 44% during the night this alternative would need to be paired with an 

intake technology to meet the requirements for entrainment reduction.   

Both of these two flow reduction options would not require modifications or changes to the 

design and operation of the screenhouse, traveling water screens or pumps.  

Conclusion 

Both flow reduction options could be used at Dickerson.  Reducing the design intake flow to less 

than 5% of the river flow would eliminate the need to address entrainment any further but may 

result in a reduction in generation during the summer or exceedance of thermal limits.  Reducing 

the flow to match generation demand would eliminate any power penalties but may not be 

sufficient to meet requirements for entrainment reduction and may need to be paired with an 

intake technology.  In addition, flow limits may be written into the permit, which may be 

undesirable depending on future power requirements for Dickerson.  Neither of these alternatives 

would automatically meet the IM reduction requirements and would need to be paired with one 

of the potential IM only intake technologies.   

 

4.2. Impingement Mortality Reduction Technologies 

If entrainment can be addressed through flow reductions or the cost/benefit test then Mirant 

could install an IM only reduction technology. 

4.2.1. Coarse-mesh (9.5 mm) Traveling Screens with Fish Protection 

Features 

Coarse-mesh modified traveling water screens can be used to reduce impingement mortality.  

The existing traveling water screens would be replaced with new, state-of-the-art, coarse-mesh 

(9.5 mm) screens with fish protection features.  A finer mesh 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 4.1.1.   A detailed description of this option is 

provided in Attachment A.  Timing the screen replacements to coincide with previously 

scheduled outages would eliminate the need for additional plant shut downs.   

A new fish and debris trough would be needed to reduce mortality of fish removed from the 

screens.  This trough would slope gently down to the river.  The discharge location would be 

carefully chosen to reduce the potential for re-impingement or direct release into the thermal 

discharge.   

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 4.1.1 and presented in Table 4-2.  Site-specific characteristics of the CWIS may reduce 

the expected effectiveness of the screens. 
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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.   Based on the efficacy 

estimates presented in Table 4-2, this technology should meet requirements for impingement 

mortality reduction.  Site-specific characteristics of the CWIS may, however, reduce the actual 

effectiveness of the screens. To verify the survival achievable at Dickerson, Alden recommends 

that Mirant conduct a pilot study of a test screen and new fish/debris return trough.    

4.2.2. 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.  Seven, T-72 (72 inch diameter) screens 

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

screens would be mounted on screen guides to a new sheetpile wall in front of the existing 

screenhouse.  Construction of the new sheetpile wall and installation of the screen would require 

Dickerson to be shut down for approximately 4 months. 

An air backwash system would be the primary method to remove debris and organisms impinged 

on the screens.  With the screens mounted on slide gates they could be removed and manually 

cleaned, if necessary.  This would also allow the screens to be lifted out of the way to remove silt 

from the deployment location.  The increased open area of the wide-slot screens would reduce 

the potential for fouling, 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 less prone to debris loading than narrow-slot wedgewire screens, but would still be 

susceptible to damage from ice and other large debris, a serious consideration in this portion of 

the Potomac River.  Due to silt loading in the Potomac River these screens may begin to silt in 

and require regular dredging.  In addition, this technology is approved by EPA (Compliance 

Alternative 1 of the Rule) for impingement mortality reduction in freshwater rivers and no 

verification monitoring program would be required. 

4.2.3. Coarse-mesh (6.4 mm) Barrier Net  

A coarse-mesh barrier net could be installed at Dickerson to reduce IM.  Due to ice and debris 

loading Alden has assumed that the net would only be installed from May through October.  This 

period coincides with about 45% of the impingement that occurred between April 2005 through 

March 2006 (Loos 2008).   

A net approximately 430 ft long would be needed assuming an average water depth of 6 ft at low 

water.  This net could be installed just downstream of the debris deflector groin and stretch 

across the CWIS to the shore downstream of the screenhouse.  To achieve a 0.25 ft/sec approach 
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velocity at full flow, the river bottom at the proposed net location may need to be excavated or 

the length of the net increased.  The net would consist of netting with 0.25 inch (6.4 mm) 

openings, to allow the material to stretch without expanding beyond 0.38 inch (9.5 mm).  

Installation of the net could be completed without impacting plant operations.  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 

Dickerson.  However, one species of fish (spotfin shiner) collected in recent impingement 

sampling was smaller than the predicted exclusion rate.   

Impingement occurs throughout the year; therefore, the net would need to be installed year-round 

for maximum effectiveness.  Due to debris and icing conditions Alden does not believe that 

maintaining the net during the late fall through early spring would be feasible.  Mirant may be 

able to extend the deployment period by monitoring upstream river conditions and removing the 

net prior to any debris or icing events.  An optimized cleaning schedule could be developed after 

installation of the net.   

Conclusions 

When deployed, a barrier net at Dickerson would virtually eliminate IM during its deployment.  

However, due to debris loading conditions at the site, maintaining the net year-round is not 

expected to be feasible and therefore may not meet the requirements for IM reduction.   
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Table 4-1  Predicted Performance of the Evaluated Technologies with the Commonly 

Entrained Larval Fish at Dickerson 

    Fine-mesh screens  
Narrow-slot 

Wedgewire 

Taxa  
Retention 

(%) 
Survival 

(%) 

Reduction in 

Entrainment 

(%)  

Reduction in 

Entrainment 

(%) 

Catostomidae  100 62 62  100 

channel catfish  100 92 92  100 

common carp  55 19 10  55 

greenside darter  99 43 43  99 

spotfin shiner / bluntnose 

minnow  
93 43 40  93 

spottail shiner  82 43 35  82 

tessellated darter   96 43 42  96 

 

Table 4-2  Predicted Performance of the Evaluated Technologies with the Commonly 

Impinged Juvenile and Adult Fish at Dickerson 

  
Fine-mesh 

Screens   
Narrow-slot 

Wedgewire  Barrier Net 

Taxa 
Survival 

(%)   

Impingement 

Mortality 

Reduction 

(%)  

Impingement 

Mortality 

Reduction  

(%) 

spotfin shiner 80  100  47 

common carp 80  100  47 

goldfish 80  100  47 

channel catfish 97  100  47 

redbreast sunfish 96  100  47 

pumpkinseed 96  100  47 

bluegill 96  100  47 

smallmouth bass 98  100  47 

largemouth bass 98  100  47 
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5.0 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 5-1).   

Capital costs, including the estimated replacement power costs during construction related 

shutdowns, for the intake alternatives to reduce entrainment range from $0 for modifying facility 

operations to $167,805,000 to install narrow-slot cylindrical wedgewire screens.  The cost to 

install fine-mesh traveling screens with fish protection features in a new screenhouse is estimated 

to cost approximately $84,130,000.  If the CWIS does not need to be replaced the cost for 

installing fine-mesh modified traveling water screens would be approximately $10,243,000, 

which is the same cost to install coarse-mesh traveling water screens in the existing screenhouse.  

Capital cost to reduce impingement only, range from $954,000 for a barrier net to $125,608,000 

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 5-1  Cost Comparison of Evaluated Alternatives  

 

Technology 

Construction 

Costs        

(2008 $) 

Replacement 

Power Cost 

During 

Construction 

(2008 $)
 1,2

 

Total 

Capital Cost                        

(2008 $) 

O&M Costs   

(2008 $)
1
 

Lost 

Generation 

(MWh) 

Annualized 

Capital 

Costs  

(2008 $)
3
 

Incremental 

Annualized 

O&M Costs 

(2008 $)
1, 3

 

Total  

Incremental 

Annualized 

Costs  

(2008 $)
1, 3

 

IM&E Options 

Fine-mesh Modified 

Traveling Screens in a 

new Screenhouse 

$27,831,000 $56,299,000  $84,130,000 $1,088,000 757  $11,978,000  $790,000  $12,768,000  

Narrow-slot 

Wedgewire Screens 
$36,441,000 $131,364,000  $167,805,000 $264,000 119  $23,892,000  ($34,000) $23,858,000  

Modified facility 

Operations Using the 

Existing Two Speed 

Motors
 4
 

$0 $0  $0 $26,588,000 375,728
5
 $0  $26,290,000  $26,290,000  

IM Only Options 

Coarse-mesh Modified 

Traveling Screens 
$10,243,000 $0  $10,243,000 $768,000 708  $1,458,000  $470,000  $1,928,000  

Wide-slot Wedgewire 

Screens 
$13,011,000 $112,597,000  $125,608,000 $93,000 32  $17,884,000  ($205,000) $17,679,000  

Coarse-mesh Barrier 

Net 
$954,000 $0  $954,000 $467,000 162  $136,000  $169,000  $305,000  

Existing Operations
6
 $0 $0  0 $298,000 162  $0  $0  $0  

1.  Assumed $70 per MWh. 

2.  Assumed that one month of any required shutdown would coincide with a maintenance outage. 

3.  Annualized over 10 years with a 7% Discount rate 

4.  Flow reduction to reduce the intake flow to less than 5% of the river flow. 

5.  Assumed flow and generation are directly proportional. 

6.  Estimated by Alden. 
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Alden has conducted a detailed alternative intake technology assessment for the Dickerson 

Generating Station.  Based on this assessment, Alden has evaluated six intake technologies 

that have potential to reduce Impingement Mortality (IM) or Impingement Mortality and 

Entrainment (IM&E) at Dickerson.  Technologies evaluated with the potential to reduce both 

IM&E are: 

 fine-mesh (0.5 mm) traveling screens; 

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

 modified pump operations to reduce the design circulating water flow 

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) 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, operating and maintenance 

costs, and replacement power penalties are provided in Attachment B.  Detailed biological 

efficacy estimates are provided in Attachment C. 
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The design circulating water flow at Dickerson is currently greater than 5% of the mean 

annual river flow of the Potomac River; therefore, Mirant may have to meet the IM&E 

reduction standards.  The technologies listed in this section have potential to meet the 

requirements for both IM&E.  Mirant may be able to meet the entrainment reduction standard 

by reducing the intake flow or by using the cost/benefit test, if permitted.  Technologies that 

would reduce only impingement mortality are detailed in Section A.3. 

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

Fine-mesh traveling water screens with fish protection features can be used to reduce both 

IM&E at Dickerson.  The velocity approaching the existing traveling water screens is 0.9 

ft/sec at design low water. Alden typically uses a 0.5 ft/sec screen approach velocity when 

designing fine-mesh traveling screen options.   

Since the velocities in the screenhouse are greater than 0.5 ft/sec, Alden has assumed that the 

screening area needs to be increased.  However, prior to committing to this action, Mirant 

should consider a pilot-scale test of fine-mesh screens in one screenbay, as recent laboratory 

studies indicate that with some species good survival can be achieved at velocities up to 1.0 

ft/s.  If survival from the test screen at the higher velocity is similar to what is expected from 

a screen at the lower velocity, construction of a new larger intake would not be necessary.  

The cost for replacing the existing screens with fine-mesh screens would be similar to the 

cost of coarse-mesh screens with fish protection option detailed in Section A.3.1.  However, 

for this analysis, Alden has assumed that new screenbays would be needed. 

Several types of modified traveling screens are available for consideration.  Ristroph screens 

are similar to the existing screens; dual-flow screens are like standard screens only rotated 90 

degrees to the flow; and, rotary-disk screens have both the ascending and descending sides of 

the screen on the upstream side.  As debris loading and carryover can be an issue at 

Dickerson, dual-flow and rotary-disk screens have an advantage over through-flow screens.  

Rotary-disc screens without fish protection measures have recently been installed at Mirant’s 

Potomac River Generating station.  A detail of a standard Ristroph screen is provided on 

Figure A-1.  Typical cross sections and elevations of rotary-disk and dual-flow screens are 

shown on Figure A-2 and Figure A-3, respectively. 

To reduce the screen approach velocity, a new intake would be constructed upstream of the 

existing CWIS.  The new intake would have a total of nine new screen bays which would be 

15.2 ft wide.  For costing purposes, Alden has assumed that the top deck of the new intake 

would be at the same elevation as the existing screenhouse.  The new screenbays are sized to 

accommodate 14 ft wide screens.  All of the screens would be equipped with 0.5 mm mesh.  

The existing traveling water screens would be removed as they would no longer be needed.  

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

plan of the new intake is shown on Figure A-4.  
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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 gently remove the fish from the fish holding 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.  Depending on the screen type chosen 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 existing fish and debris return trough would be replaced with a 

new trough.  The new trough would be designed to gently return the fish to the river reducing 

stress and improving survival.  The new trough would slope down to the river eliminating the 

existing vertical drop and terminate approximately 200 ft downstream of the new intake.  

This location was selected to reduce the potential for debris recirculation and to prevent fish 

from being discharged directly into the warm water plume.   

Construction of the new screenhouse would take approximately 2.5 years.  During the first 

stage of construction, a large cofferdam would be installed approximately 20 ft upstream of 

the intake structure.  To allow a shore-based construction effort, the cofferdam would tie 

back to the shoreline south of the existing intake.  To allow flow to the existing intake, the 

cofferdam would not be tied into the northern shoreline.  Pipes may need to be installed in 

the portion of the cofferdam near the shore to allow more flow to enter the existing 

screenhouse.  Most of the construction-related activities would not affect plant operations; 

however, the units would be shut down for about 2 months as the cofferdam is constructed.  

Once the cofferdam is completed, the area would be dewatered so that construction of the 

new screenhouse could be started.  After completion of the new screenhouse, most of the 

cofferdam would be removed.  A new cofferdam section would need to be constructed north 

of the existing intake to isolate the area between the two intakes from the river.  Stoplogs 

would be placed in the stoplog slots in the new screenhouse to allow the sheetpile to be 

removed without flooding this area. This would require that Dickerson be shut down for an 

additional 2 months.  Piles, to support the work deck and a floor would be constructed at this 

time.  After completion of this step the remainder of the temporary cofferdam would be 

removed and the permanent sheetpile that would create the northern wall would be installed.  

The new traveling screens would be installed and the existing traveling water screens 

removed at this time.  The last stage in construction would be to remove the new stoplogs 

flooding the area between the new and old screenhouses. Based on the above concept, 

Dickerson would have to be shut down for about 4 months.  However, by sequencing the 

shutdowns to coincide with existing maintenance outages, downtime may be limited to 3 

months.   

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 need to 

be rotated and cleaned continuously.  Total power requirements to clean and operate the 

screens year-round would be about 757 MWh per year.  Each of the screens would need to be 

inspected daily requiring approximately 2,525 man-hours per year.   
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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 

Dickerson are presented in Attachment C. 

A.2.2 Narrow-slot (0.5 mm) Cylindrical Wedgewire Screens  

Narrow-slot cylindrical wedgewire screens can be installed to reduce IM&E year-round.  

Twenty-six, T-72 (72 in. diameter) screens would be necessary to screen the entire plant 

flow.  The screens would have a 0.5 mm screen slot size and be designed with a maximum 

through-slot velocity of 0.5 ft/sec.  Each screen would be T-shaped with an overall length of 

about 20 ft.  Two screen sections, each about 7 ft long, would be located on either side of a 6 

ft long T-section.  The outlet pipe for this size screen is 4 ft in diameter and located in the 

middle of the T-section.  A section of a T-72 screen is shown on Figure A-5. 

The twenty-six screens would be mounted on four new 6 ft diameter pipes.  The intake pipes 

would be connected to a bulkhead wall.  This wall would create a plenum in front of the 

existing screenhouse.  There would be a work deck above the plenum to allow access to the 

intake pipes and to house the screen cleaning system. A plan of the narrow-slot wedgewire 

option is shown on Figure A-6.   

The total size of the wedgewire array would be approximately 450 ft by 25 ft.  T-72 screens 

require a minimum water depth of 12 ft to ensure adequate submergence.  To achieve this 

depth near the intake Alden has assumed that the river bottom in the deployment location 

would need to be excavated and maintained at El. 178 ft.  

An air backwash system, complete with necessary air compressors and controls, would be 

installed to clean the screens.  The air compressor and controls would be located in a new, 

pre-fabricated structure located on the work deck.  The air backwash system should be an 

effective method for maintaining the screens in a clean condition.  River currents at 

Dickerson should be sufficient to transport debris and organisms away from the screens.  

During flood events or when ice floes are present in the river the screens would be 

susceptible to damage as a result of impacts.  To ensure that the screens are in good working 

condition and to remove any imbedded debris or biofouling the screens would also require 

periodic, manual cleaning (divers). 

Approach velocities at the screens would be similar to existing ambient currents.  Head 

losses through the screens should not exceed 1.0 ft (assuming biofouling and debris are not a 

significant problem).  Flow patterns to the pumps would not change from the existing 

conditions. 

Construction of the narrow slot wedge-wire alternative would be conducted in two phases to 

reduce the impact of construction related activities on generation at Dickerson.  The 

construction would be sequenced so that Units 1 and 2 would be retrofit first followed by 
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Unit 3.  The construction sequence listed below is for Units 1 and 2.  The Unit 3 retrofit 

would be similar.   

During the first stage of construction, a cofferdam would be constructed upstream of the 

Units 1 and 2 intake bays.  These units would then be shutdown.  The area behind this 

cofferdam would be dewatered and excavated down to El. 172 ft to provide sufficient water 

depth for the screens and intake pipes.  This would require approximately 14,450 cubic yards 

of the river bed material to be removed assuming and average excavation depth of 10 ft.  For 

costing purposes Alden has assumed that this area consists mainly of a thin layer of silt over 

bedrock.  After the area within the cofferdam is excavated the plenum walls and floor and 

intake pipes would be installed.  This plenum would include a center wall with bypass gate to 

allow Units 1 and 2 to operate during phase 2 (Unit 3) construction activities.  After the 

intake pipes are installed, the wedgewire screens would be installed.  The airburst system and 

associated electrical work would also be completed at this time.  The final stage in 

construction would be to remove the cofferdam and allow flow to the units.  Alden estimates 

that each unit would need to be shutdown for about 8 months during the construction.  

However, by sequencing the shutdowns to coincide with existing maintenance outages, 

downtime may be limited to 7 months per unit.  To complete the retrofit would require 

approximately three and a half years.   

Maintenance requirements for the circulating water pumps with the screens in place would 

not change.  Assuming that the screens would need to be air backwashed once a day, 

approximately 119 MWh per year would be needed to operate the air compressors.  Plant 

personnel would be required to operate the compressors and monitor backwashing operation 

as well as maintain the air supply equipment, which is expected to take about an hour per 

day.  Annual inspection by divers would be necessary to identify any damage, biofouling, 

debris or silt build-up that could affect facility operations and to verify effective cleaning by 

the air backwash system.  Each diver inspection would take about 2 weeks.  To further 

reduce the potential for siltation Alden has included yearly dredging and additional diver 

inspections to the O&M estimate for the screens.   

Alden recommends that Mirant conduct a pilot study with a small wedgewire screen to 

approximate the rate of debris loading and the effectiveness of an air burst system at 

Dickerson.  The results of this study would allow for a more accurate estimation of O&M 

costs. 

Exclusion of early life stages (eggs and larvae) can be estimated using estimated head 

capsule depth as described in fine-mesh modified screen discussion above.  Species- and 

length-specific predicted exclusion rates using the head capsule depth method and actual 

observed reduction in entrainment through narrow-slot wedgewire screens are presented in 

Attachment C.  

A.2.3 Modified Facility Operations to Reduce the Circulating Water Flow 

The existing circulating water pumps at Dickerson are capable of running at both high and 

low speed; this allows Dickerson to operate in three modes.  With both pumps per unit 
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operating at high speed the total circulating water flow for all three units is 635.0 cfs.  With 

one pump operating per unit at high speed the flow is 402.4 cfs.  With both pumps per unit 

operating at low speed the total circulating water flow is 354.3 cfs.  These flow reductions 

result in a 37% and 44% reduction in flow respectively, as compared to full-flow conditions.  

Under existing operating procedures Dickerson only operates at these reduced flow modes 

from November through April, when heavy debris and ice are present in the river.  This 

period does not coincide with periods of high IM&E.   

The ability to reduce the flow using the existing pumps and motors would allow Mirant to 

reduce the circulating water flow to reduce entrainment without any new equipment.  Alden 

investigated two potential flow reduction options for Dickerson.  The first alternative would 

reduce the design circulating water flow to less than 5% of the mean annual river flow.  The 

other alternative would be to reduce the circulating water flow during periods of reduced 

power demands.   

Reducing the design intake flow to below 5% of the mean annual river flow would put 

Dickerson below the entrainment threshold for river facilities.  This would eliminate the need 

for Dickerson to reduce entrainment.  To achieve this flow reduction Mirant would have to 

limit the total circulating water flow by operating two units with one pump at high speed and 

the third unit with two pumps at high speed.  Operating in this manner would result in a total 

circulating water withdrawal of approximately 480 cfs.  This flow amounts to a 24% 

reduction from full flow (635 cfs), but results in a withdrawal of 4.5% of the average annual 

river flow from 1998-2007 (10, 648 cfs), the ten most recent years on record.   

Operating in this manner is expected to result in a reduction in generation during the summer 

when both generation and water temperatures are peaking.  Using historical annual capacity 

factors (2002-2005), Alden estimated a 375,566 MWh loss from May through October.  This 

value assumed that flow and generation are directly proportional.  Mirant would need to 

conduct an internal energy audit to determine the actual loss in generation with this option.  

If the loss in generation limits the feasibility of this flow reduction option, then reducing flow 

when demand is low could be used to reduce entrainment without effecting operations.  

To reduce the flow while minimizing the impact on generation Mirant may want to consider 

reducing the circulating water flow at night when generation demand is lower.  Flow 

reductions at night would be especially effective as the densities of several of the commonly 

entrained species are greater at night (Loos 2008).  Mirant could also reduce flows when 

units are put on stand-by or operated at below maximum capacity.  General trends in load 

demand for the units would determine periods when running at reduced flows could affect 

the ability of the plant to meet generation demands.   

Flow reductions, beyond what are detailed in this section, are not expected to be feasible at 

Dickerson as it is a base-loaded facility and the additional reductions would result in 

reliability issues and larger generation losses.  In addition, any capacity lost at Dickerson 

would have to be replaced by other generating facilities which may increase IM&E at those 

facilities.   
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Operation and maintenance of the circulating water pumps with either of the two flow 

reduction options would not change.  Some additional man-hours and equipment may be 

needed to allow for more effort to monitor the intake flow and to automate the procedures for 

reducing the speed of the pumps. 

The reduction in entrainment that could be achieved is difficult to assess a priori.  With the 

first reduced flow option the level of entrainment reduction in not critical as entrainment 

would no longer need to be addressed.  The overall reduction in entrainment achievable by 

reducing the flow when demand is low would depend upon the periods during which the 

facility operates at reduced flow and the abundance of organisms present at that time.  At 

most, Mirant would be able to reduce entrainment by 44% using the existing two-speed 

motors; however, the actual reduction in flow is expected to be less.   

Modifying the pump operations to further reduce flow can be used in conjunction with all the 

intake technologies detailed in this evaluation to reduce the through-screen velocities which 

may increase survival or exclusion.   

 

A.3.1 Coarse-mesh (9.5 mm) Modified Traveling Water Screens 

Coarse-mesh traveling screens with fish protection features can be installed in the existing 

screenhouse.  The coarse-mesh screens would have 9.5 mm mesh.  A finer-mesh can be used 

with these screens to further reduce entrainment.  The average screen approach velocity in 

the circulating water pump bays at low water level is 0.9 ft/sec.  Based on recent laboratory 

evaluations (EPRI 2006) and field evaluations (e.g., Beak 2000a, 2000b), post-impingement 

survival should be high with most of the commonly impinged species at Dickerson 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 considerations. Modified Ristroph 

screens have been successfully used at a number of facilities for many years. Dual-flow and 

center-flow screens with fish protection features are also a proven technology and offer the 

additional benefit of eliminating carry-over and reduced headloss through the screens. Multi-

disc screens, similar to the screens installed at the Potomac River Generating Station, 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. For this evaluation, Alden has assumed that modified Ristroph style 

coarse-mesh traveling water screens would be installed.  

The new fish protection screens for circulating water pump bays would have 10 ft wide.  If 

Mirant chooses to upgrade the screens in the service water bays, they would require 5 ft wide 

screens.  For costing purposes, Alden has assumed that the traveling water screens in both the 
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circulating and service water bays would be replaced.  These new screens would replace the 

existing traveling screens and be installed in the existing traveling water screen slots.  The 

existing fish and debris return trough would need to be replaced as it currently has a 55 ft 

vertical drop, and returns fish to the heated discharge canal which is assumed to significantly 

reduce the survival of any impinged organisms.  The new trough which would be designed 

for all three units and the service water would gradually slope down and exit into the river.  

To prevent the potential for re-impingement the discharge location would be approximately 

100 ft downstream of the intake.  This location is expected to be far enough upstream of the 

discharge canal to prevent fish from becoming entrained in the thermal plume.   

Removal of the existing traveling water screens, installation of the new screens, and 

completion of mechanical and electrical work would require about 2 weeks per screen.  This 

replacement should be conducted during previously scheduled maintenance outages to 

eliminate any additional shutdowns.  Annual operating and maintenance for the new screens 

would require about 2,434 man hours and 708 MWh for continuous operation of the screens 

and screen wash pumps.  

Coarse-mesh traveling water screens modified for fish protection would increase the survival 

of impinged fish.  Detailed discussions of the estimated biological efficacy of this option 

with the species and lifestages typically impinged at Dickerson are presented in Attachment 

C. 

A.3.2  Wide-slot (9.5 mm) Cylindrical Wedgewire Screens  

Mirant could install wide-slot (9.5 mm) wedgewire screens at Dickerson to reduce 

impingement.  The screens would be designed for a maximum slot velocity of 0.5 ft/sec.  

Seven T-72 screens would be necessary to accommodate the total facility flow.  Each screen 

would be identical to the screen detailed in Section A.2.2, except they would have a 9.5 mm 

slot width.  With less screens required Alden has used a bulkhead-mounted design as shown 

in Figure A-7.  This layout was selected as it would allow the screens to be removed for 

maintenance.  

This screen size was selected based on an average water depth of 12 ft in front of the intake 

during low water.  To achieve this depth the area in front of the CWIS would be excavated.  

The bulkhead wall would be 170 ft long and connected back to the existing screenhouse.  

This layout provides a common plenum which should provide even flow distribution through 

all the screens.  The screens would be mounted on slide gates which would be connected to 

bulkhead walls as show on Figure A-8.  This layout would allow the screens to be removed 

for manual cleaning and provide the support for a work deck.  The work deck would be 

constructed over the common plenum and would support the air backwash equipment.  

The construction of this option would take approximately 2 years to complete and would be 

very similar to the narrow-slot option.  The first stage of construction would be to install a 

cofferdam in front of Units 1 and 2.  The area behind the cofferdam would then be excavated 

and the plenum walls and floor installed.  This would require each unit to be shutdown for 

approximately 7 months.  Once the bulkhead walls are completed the top deck, air backwash 
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equipment and wedgewire screens would be installed.  This construction sequence would be 

repeated for Unit 3.  Due to the timing of the required shutdowns Alden expects that the 

facility would be shut down for 6 months beyond any currently scheduled outages.     

O&M on wide-slot wedgewire screens would be similar to the narrow-slot option.  The wider 

slots would also reduce the effect of biofouling and debris loading on the screens.  The 

primary method used to clean the screen would be an air-backwash; but, the screens could 

also be lifted to the work deck for additional cleaning.  Alden has included an annual diver 

inspection to make sure that all the seals are in working order and to remove any silt in the 

dredged area.  For costing purposes Alden has assumed the same cleaning schedule as the 

narrow-slot option.  Operation and maintenance efforts associated with the screens would 

entail approximately 31.9 MWh and 577 man-hours per year.   Maintenance requirements for 

the circulating water pumps with the screens in place would not change.   

Approach velocities at the screens would be similar to ambient currents present in the 

Potomac River.  Headlosses through the screens should not exceed 1.0 ft (assuming 

biofouling is not a significant problem).  Flow patterns to the pumps would not change from 

the existing conditions. 

Wide-slot wedgewire screens are a physical barrier to impingeable-size fish.  Like narrow-

slot screens, wide-slot wedgewire screens would have met the impingement mortality 

reduction standard via Compliance Alternative 1 (through-slot velocity ≤ 0.5 ft/s) under the 

now withdrawn Rule.   

A.3.3 Coarse-mesh (6.4 mm) Barrier Net 

A coarse-mesh (6.4 mm) barrier net can be used to reduce impingement at Dickerson.  Alden 

typically designs barrier nets for a 0.25 ft/sec approach velocity or less.  To achieve 0.25 

ft/sec approach velocity at Dickerson, a barrier net would need to have an effective area of 

about 2,540 ft² at low water levels.  Assuming an average water depth of 6 ft during low 

water, the net would be about 430 ft long. This net would span from the southernmost debris 

deflector groin downstream to the shoreline below the intake.  A plan of the proposed net 

configuration is provided on Figure A-9.  Debris loading on the net could be significant; 

therefore, Alden has assumed the net would be supported by piles.  A double-net option 

similar to Chalk Point was not considered necessary as the debris loading and biofouling 

concerns in a freshwater river are very different than in an estuary.   

The 6.4 mm (0.25 in.) 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 river bottom.  Floats would be used to prevent the top of the nets from collapsing.  Piles 

would be spaced approximately every 20 ft along the net for support as shown on Figure A-9.  

Alden has assumed that these piles would be made out of steel to reduce potential damage 
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from large debris and ice.  A large (10 ft) diameter sheetpile cell would be installed where the 

net turns back to the shore to hold the net in place.  This design would allow the nets to 

overtop in the event of heavy plugging preventing damage to support piles. Each panel would 

be about 100 ft long and fabricated to match the water depth at the specific installation 

position.  A total of five panels would be needed.  The extra net material would allow the 

nets to flex under stress while providing some overlap.  A bottom anchor chain and top 

floatation billets would be incorporated into each net panel as shown on Figure A-10.  A 

heavy rubberized section would be added to the net bottom to create a seal along the river 

bottom.  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 to join 

the net panels to the pile supports.   

Due to potential debris loading and icing concerns during the fall and winter Alden as 

assumed that the net would be installed on a seasonal basis (May through October).  Mirant 

may be able to extend the deployment period by monitoring the river and weather conditions 

and removing the net prior to heavy debris periods or ice floes.   

Since the rate of debris loading of a barrier net is not known at Dickerson and cannot be 

determined until actual installation, Alden has assumed the nets would have to be removed 

weekly during the spring and summer.  During the fall, Alden has assumed the net would be 

removed twice a week, to account for leaves in the river.  The net would also need to be 

removed during storm events to prevent damage to the net and support system.  Two nets 

would be needed to allow for this cleaning schedule.  Replacement would take approximately 

one day by divers.   

To completely install the net would require 2 months.  The piles and sheetpile cell would be 

installed using barge-mounted rigs.  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. 

Head loss across the net would be negligible under normal debris loading conditions.  The 

top of the net would be designed to submerge during periods of high debris loading to 

minimize damage to the nets and support system while providing sufficient flow to the 

facility.  Alden has assumed that the net would need to be replaced every three years; 

however, depending on site-specific conditions the nets may need to be replaced as 

frequently as every year.   

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 that the net is 

bypassed because of a severe blockage/compromise of the net material.  The screen would 

also have to operate during the fall and winter when the net is not installed.  Maintenance 

requirements for the circulating water pumps would not change with the net in place. 

The ability of a barrier net to exclude fish from CWIS can be very effective as demonstrated 

by the Chalk Point barrier net performance.  However, there is little experience with barrier 

nets in riverine environments such as those at Dickerson.  Performance depends on the fish 
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species (their size and morphology), near-field hydraulic conditions, and the amount of 

debris present.  The mesh size must be selected to block fish passage but not cause fish to 

become gilled or impinged on the net.  Barrier nets can be considered a viable option for 

protecting fish provided that relatively low velocity conditions are present at the net, debris 

loading and biofouling are manageable, and the nets are properly maintained.  A detailed 

discussion of the estimated biological efficacy of a barrier net with the species and life stages 

typically impinged at Dickerson are presented in Attachment C. 
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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 

Passavant-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  Fine-mesh Modified Traveling Water Screens - Plan
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Figure A-5  Narrow-slot Cylindrical Wedgewire Screens - Section Screen
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Figure A-6  Narrow-slot Cylindrical Wedgewire Screens - Plan
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Figure A-7  Wide-slot Wedgewire Screens -Plan
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Figure A-8  Wide-slot Wedgewire Screens -Section
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Figure A-9  Coarse-mesh Barrier Net - Plan 
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Figure A-10  Coarse-mesh Barrier Net - Section
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The costs associated with each of the selected technologies are provided to assess potential 

compliance alternatives.  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 September 2008. 

 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. 

 Mirant costs for administration of project contracts and for engineering and construction 

management. 

 Price escalation 

 Permitting costs 

 Replacement power costs 
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The estimated project costs for the selected fish protection options are presented in Table B-1 

through Table B-5.      

Capital costs, including lost generation during construction, for alternatives range from 

$84,130,000 to construct a new screenhouse with fine-mesh traveling water screens modified for 

fish protection to $167,805,000 to install narrow-slot cylindrical wedgewire screens.  Modifying 

the plant operations to reduce the intake flow will not have any capital cost.  If Mirant does not 

need to reduce entrainment then IM only reducing technologies can be installed.  The cost to 

reduce IM only ranges from $954,000 to install a seasonal barrier net to $125,608,000 to install 

wide-slot cylindrical wedgewire screens.  To retrofit the existing intake with new coarse-mesh 

traveling water screens modified with fish protection measures will cost $10,243,000.  Fine-

mesh traveling water screens modified with fish protection measures in the existing screenhouse 

would have a similar cost to the coarse-mesh option.  The annualized costs associated with each 

of the technologies are presented in Table B-6.  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 to For Fine-mesh (0.5 mm) Modified Traveling Screens in a 

New Screenhouse 

 

Item 
Estimated 

Cost 

Direct Costs  

Mobilization and Demobilization $1,840,000 

Cofferdam & Shoring $1,913,000 

Intake Structures including access roads $2,694,000 

Trash Rack and stop logs $2,461,000 

Spraywash System $32,000 

Fish and Debris Return System $241,000 

Ristroph Coarse-mesh Traveling Water Screens $9,701,000 

Barges, Divers and Equipment $1,359,000 

   

Direct Costs (2008 $) $20,241,000 

    

Indirect Costs $2,024,100 

    

Subtotal $22,265,000 

    

Allowance for Indeterminates/Contingencies $5,566,000 

    

Total Estimated Project Costs (2008 $) $27,831,000 

  

  

  

Impacts on Plant Operation 

Item Impact 

Construction  

Duration (months) 30 

Outage (months)  4 

    

    

Incremental Annual Operation and Maintenance   

Labor, (hrs) 2,525 

Component Replacement $929,000 

Energy (kwh) 757,000 

Peak Power (kw) 91 
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Table B-2  Estimated Costs for Narrow-slot (0.5 mm) Cylindrical Wedgewire Screens 

 

Item Estimated Cost 

Direct Costs  

Mobilization and Demobilization $1,633,000 

Site Prep $8,542,000 

Bulkhead Wall $1,919,000 

Cofferdam & Shoring $2,293,000 

Bulkhead Deck $655,000 

Bypass Gates $149,000 

Hoist $10,000 

Header Pipes $2,206,000 

Wedgewire Screens $1,572,000 

Air Burst Cleaning System $470,000 

Cranes, Barges and Equipment $7,054,000 

    

Direct Costs (2008 $) $26,503,000 

    

Indirect Costs 2,650,000 

    

Subtotal $29,153,000 

    

Allowance for Indeterminates/Contingencies 7,288,000 

    

Total Estimated Project Costs (2008 $) $36,441,000 

  

  

  

Impacts on Plant Operation 

Item Impact 

Construction  

Duration (months) 42 

Outage (months) 8 

    

    

Incremental Annual Operation and Maintenance   

Labor, (hrs) 1,206 

Component Replacement $194,000 

Energy (kwh) 119,000 

Peak Power (kw) 38 
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Table B-3  Estimated Costs for Coarse-mesh Modified Traveling Water Screens in the 

Existing Screenbays 

 

Item 
Estimated 

Cost 

Direct Costs  

Mobilization and Demobilization $677,000 

Spraywash System $22,000 

Ristroph Coarse-Mesh Traveling Water Screens $6,485,000 

Fish and Debris Return System $265,000 

   

Direct Costs (2008 $) $7,449,000 

    

Indirect Costs $745,000 

    

Subtotal $8,194,000 

    

Allowance for Indeterminates/Contingencies $2,049,000 

    

Total Estimated Project Costs (2008 $) $10,243,000 

  

  

  

Impacts on Plant Operation 

Item Impact 

Construction  

Duration (months) 4 

Outage (months) 0 

    

    

Incremental Annual Operation and Maintenance   

Labor, (hrs) 2,434 

Component Replacement $620,000 

Energy (kwh) 708,000 

Peak Power (kw) 81 
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Table B-4  Estimated Costs for Wide-slot (9.5 mm) Cylindrical Wedgewire Screens 

 

Item Estimated Cost 

Direct Costs  

Mobilization and Demobilization $860,000 

Bulkhead Wall $3,036,000 

Cofferdam & Shoring $888,000 

Bulkhead Deck $1,343,000 

Slide Gates $293,000 

Hoist $62,000 

Wedge Wire Screens $423,000 

Air Burst Cleaning System $285,000 

Cranes, Barges and Equipment $2,273,000 

    

Direct Costs (2008 $) $9,463,000 

    

Indirect Costs 946,000 

    

Subtotal $10,409,000 

    

Allowance for Indeterminates/Contingencies 2,602,000 

    

Total Estimated Project Costs (2008 $) $13,011,000 

  

  

  

Impacts on Plant Operation 

Item Impact 

Construction  

Duration (months) 24 

Outage (months) 7 

    

    

Incremental Annual Operation and Maintenance   

Labor, (hrs) 579 

Component Replacement $68,000 

Energy (kwh) 32,000 

Peak Power (kw) 38 
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Table B-5  Estimated Costs to add a Coarse-mesh Barrier Net In Front of the Existing 

Screenhouse 

Item 
Estimated 

Cost 

Direct Costs  

Mobilization and Demobilization $63,000 

Shoreline anchors $2,000 

Piles $149,000 

Floatation $79,000 

Net $192,000 

Barges, Divers and Equipment $209,000 

    

Direct Costs (2008 $) $694,000 

    

Indirect Costs $69,000 

    

Subtotal $763,000 

    

Allowance for Indeterminates/Contingencies $191,000 

    

Total Estimated Construction Costs (2008 $) $954,000 

  

  

  

Impacts on Plant Operation 

Item Impact 

Construction  

Duration (months) 2 

Outage (months) 0 

    

    

Incremental Annual Operation and Maintenance   

Labor, (hrs) 936 

Component Replacement $64,000 

Energy (kwh) 0 
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Table B-6  Cost Comparison of Evaluated Alternatives 

 

Alternative 

Capital Costs Annual O&M Costs 

Total Project 

Construction 

Costs (2008 $) 

Replacement 

Power During 

Construction 

(2008 $)
 1,2

 

Total Capital 

Costs 

(2008 $) 

Energy 

(2008 $)
1,3 

Labor 

(2008 $)
3
 

Component 

Replacement 

(2008 $)
3
 

IM&E 

Fine-mesh (0.5 mm) Modified 

Traveling Screens in a New 

Screenhouse 

$27,831,000 $56,299,000  $84,130,000 $53,000 $106,000 $929,000 

Narrow-slot (0.5 mm) 

Cylindrical Wedgewire Screens 
$36,441,000 $131,364,000  $167,805,000 $8,000 $62,000 $194,000 

Modified facility Operations 

Using the Existing Two Speed 

Motors
4
 

$0 $0  $0 $26,301,000 $96,000 $191,000 

IM Only 

Coarse-mesh Modified Traveling 

Water Screens in the Existing 

Screenbays 

$10,243,000 $0  $10,243,000 $50,000 $98,000 $620,000 

Wide-slot (9.5 mm) Cylindrical 

Wedgewire Screens 
$13,011,000 $112,597,000  $125,608,000 $2,000 $23,000 $68,000 

Coarse-mesh Barrier Net In 

Front of the Existing 

Screenhouse 

$954,000 $0  $954,000 $11,000 $201,000 $255,000 

Existing Operations
5
 $0 $0  0 $11,000 $96,000 $191,000 

1. Assumed $70 per MWh. 

2. Assumed that one month of any required shutdown would coincide with a maintenance outage. 

3. Includes existing O&M where applicable 

4. Flow reduction to reduce the intake flow to less than 5% of the river flow. 

5. Estimated by Alden 

6. Annualized over 10 years with a 7% discount rate 
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Table B-6  Cost Comparison of Evaluated Alternatives (Continued) 

 

Alternative 

Annualized Costs Incremental Costs 

Total Annual 

O&M 

(2008 $) 

Annualized 

Capital Costs 

(2008 $)
6
 

Total 

Annualized 

Costs 

(2008 $)
 

Incremental 

O&M 

(2008 $) 

Incremental 

Annualized 

Costs  

(2008 $) 

IM&E 

Fine-mesh (0.5 mm) Modified 

Traveling Screens in a New 

Screenhouse 

$1,088,000 $11,978,000  $13,066,000  $790,000  $12,768,000  

Narrow-slot (0.5 mm) Cylindrical 

Wedgewire Screens 
$264,000 $23,892,000  $24,156,000  ($34,000) $23,858,000  

Modified facility Operations Using 

the Existing Two Speed Motors
4
 

$26,588,000 $0  $26,588,000  $26,290,000  $26,290,000  

IM Only 

Coarse-mesh Modified Traveling 

Water Screens in the Existing 

Screenbays 

$768,000 $1,458,000  $2,226,000  $470,000  $1,928,000  

Wide-slot (9.5 mm) Cylindrical 

Wedgewire Screens 
$93,000 $17,884,000  $17,977,000  ($205,000) $17,679,000  

Coarse-mesh Barrier Net In Front of 

the Existing Screenhouse 
$467,000 $136,000  $603,000  $169,000  $305,000  

Existing Operations
5
 $298,000 $0  $298,000  $0  $0  

1. Assumed $70 per MWh. 

2. Assumed that one month of any required shutdown would coincide with a maintenance outage. 

3. Includes existing O&M where applicable 

4. Flow reduction to reduce the intake flow to less than 5% of the river flow. 

5. Estimated by Alden 

6. Annualized over 10 years with a 7% discount rate 
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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, 

physiological, and behavioral 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 (e.g., wedgewire screens, 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.  With impingement reducing options, exclusion can be 

estimated using the body depth of the organisms. 

For collection and transfer technologies (e.g., modified traveling screens), the effectiveness is 

measured in two ways: retention and survival.  In addition to the physical exclusion of the 

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, 

injuries, scale loss, or mortality to the organisms.  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 CWIS 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 (e.g., flow reductions, closed-cycle cooling) EPA, in the now 

withdrawn Phase II § 316(b) Rule, assumed a reduction in flow will result in a proportionate 

reduction in the number of organisms that are entrained and that assumption was not challenged 

in the litigation.  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 following discussions describe how the efficacies of the alternative technologies were 

derived for the species and life stages that are impinged and entrained at Dickerson.  A summary 

of performance based for the evaluated alternatives are presented in Table C-1 and Table C-2. 



C.2 Alternatives that Reduce IM&E  

C.2.1 Fine-mesh Modified Traveling Screens 

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 Dickerson.  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 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. 

Probabilities of entrainment based on 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 Dickerson is presented 

in Table C–3.  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 using the head capsule depth method described above.  The estimated 

reductions in entrainment would be greater than 80% for most species evaluated (channel catfish, 

greenside darter, spotfin shiner, bluntnose minnow, spottail shiner, and tessellated darter).  For 

common carp, the retention is estimated to be lower (54.7%).   

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 retained 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 

or family.  The underlying assumption is that closely related species would have similar 

morphology and hardiness.  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–3.  By applying the 

length- and species-specific survival rates to the length distributions of the entrained organisms 

observed during the most recent entrainment sampling (Loos 2008), the overall survival rate by 

taxa is estimated to be: Catostomidae (62.0%), channel catfish (91.5%), common carp (18.5%) , 



greenside darter (42.2%), spotfin shiner / bluntnose minnow (54.8%), spottail shiner (54.8%), 

and tessellated darter (42.2%). 

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 Dickerson.  

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 

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–4.   

C.2.2 Narrow-slot Cylindrical Wedgewire Screens 

Narrow-slot wedgewire screens are an exclusion device that 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.  Entrainment has been positively correlated with through-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 Dickerson were 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.2.1 below.  The estimated size of exclusion for commonly entrained species is presented in 

Table C–5.  The estimated reductions in entrainment for all the commonly entrained species 

(channel catfish, greenside darter, spotfin shiner, spottail shiner, tessellated darter, and bluntnose 

minnow) would be greater than 80% except for common carp which is 54.7%.  There were no 

empirical data from published wedgewire studies available to compare with these theoretical 

estimates. 



These screens would have met Compliance Alternative 4 under the now withdrawn Rule.  

Because of the low, through-slot velocity, impingement of juvenile and adult fish would be 

virtually eliminated. 

C.2.3 Modify Facility Operations to Reduce Flow 

If Mirant were to reduce flow to below 5% of the mean annual river flow, the entrainment 

standard would no longer apply.  Barring that, reductions in impingeable and entrainable 

organisms were assumed to be commensurate with reductions in flow.  The existing pumps at 

Dickerson are capable of operating at reduced flows.  Depending on the operating mode of the 

pumps, flows can be reduced by 44% and 22%.  While the level of the flow reduction varies 

based on water temperature and generation demand, Alden expects that during the entrainment 

season the flow can be reduced by up to 44% at night.  Because impingement and entrainment 

are approximately proportional to flow, up to a 44% reduction in IM&E may be realized during 

the summer nights. 

C.1 Alternatives that Reduce Impingement Only 

C.1.1 Coarse-mesh Modified Traveling Water Screens 

This option would not reduce entrainment.  The post-collection 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–4. 

C.1.2 Wide-slot 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.  However, site 

specific studies would be required to quantify this benefit.  As with the narrow-slot wedgewire 

option above, impingement should be eliminated with juvenile and adult fish.  In addition, the 

industry standard design for wedgewire screens is a maximum through-slot velocity of 0.5 ft/sec, 

which would have met the Phase II 316(b) Compliance Alternative 1 (CA1) for impingement 

mortality (IM) reduction. 

C.1.3 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 

0.25 in. 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 9.5 mm mesh.  No attempt was made to 

quantify any behavioral avoidance of the barrier net (Table C–6) 

Using the lengths of impingeable-sized organisms at Dickerson from the IM&E Characterization 

Study and the body depth at which exclusion is predicted to occur (Table C–6), all of the fish 

collected during impingement monitoring except for one spotfin shiner would have been 

physically excluded from passing through a barrier net.   

This technology would be highly effective when it is deployed, because the small openings and 

low approach velocity (less than 0.5 ft/s) should allow most juvenile and adult fish to avoid 

impingement.  This technology should be highly effective during the times when it is deployed.  

For example, the barrier net at Chalk Point Generating Station on the Patuxent River is estimated 

to reduce the impingement of the dominant species by 82-98% (Bailey 2005). 

However, because of debris loading a barrier net could not be deployed year round.  Based on 

the data from the IM&E Characterization Study (Loos 2008), about 47% of the impingement 

occurs during the period of net deployment (May-October). 



Table C-1  Predicted Performance of the Evaluated Technologies with the Commonly 

Entrained Larval Fish at Dickerson 

    Fine-mesh screens  

Narrow-slot 

Wedgewire 

Taxa  

Retention 

(%) 

Survival 

(%) 

Reduction in 

Entrainment 

(%)  

Reduction in 

Entrainment 

(%) 

Catostomidae  100.0 62.0 62.0  100.0 

channel catfish  100.0 91.5 91.5  100.0 

common carp  54.7 18.5 10.1  54.7 

greenside darter  98.8 43.3 42.8  98.8 

spotfin shiner / bluntnose minnow  93.2 43.3 40.4  93.2 

spottail shiner  81.6 43.3 35.3  81.6 

tessellated darter   96.2 43.3 41.6  96.2 

 

Table C-2  Predicted Performance of the Evaluated Technologies with the Commonly 

Impinged Juvenile and Adult Fish at Dickerson 

  
Fine-mesh 

Screens   

Narrow-slot 

Wedgewire  Barrier Net 

 Wide-slot 

Wedgewire 

Taxa 

Survival 

(%)   

Impingement 

Mortality 

Reduction 

(%)  

Impingement 

Mortality 

Reduction 

(%) 

 Impingement 

Mortality 

Reduction 

(%) 

spotfin shiner 80.3  100.0  47.0  100.0 

common carp 80.3  100.0  47.0  100.0 

goldfish 80.3  100.0  47.0  100.0 

channel catfish 96.8  100.0  47.0  100.0 

redbreast sunfish 95.9  100.0  47.0  100.0 

pumpkinseed 95.9  100.0  47.0  100.0 

bluegill 95.9  100.0  47.0  100.0 

smallmouth bass 97.8  100.0  47.0  100.0 

largemouth bass 97.8  100.0  47.0  100.0 

 

 



Table C–3  Predicted percent impingement survival and exclusion of commonly impinged fish at Dickerson 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. 

channel catfish

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 100 63 99

Lifestage

common carp

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 100 36 99

Lifestage

greenside darter

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 100 13 84

Lifestage

spotfin shiner

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 100 14 74 98

Lifestage

19 See Juvenile and Adult Table

42 See Juvenile and Adult Table

100

100

100

YSL JUVPYSL

YSL PYSL JUV

0

0

0

55 See Juvenile and Adult Table

Length (mm)

Length (mm)

Length (mm)

YSL PYSL JUV

0 100

59 96 See Juvenile and Adult Table

Length (mm)

YSL PYSL JUV  



 

Table C–3  Continued 

bluntnose minnow

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 100 5 69 98

Lifestage

spottail shiner

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 100 14 74 98

Lifestage

tesselated darter

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 100 5 76 99

Lifestage

See Juvenile and Adult Table

42 See Juvenile and Adult Table

YSL PYSL JUV

YSL PYSL JUV

55 See Juvenile and Adult Table

0

100

100

100

YSL

Length (mm)

Length (mm)

Length (mm)

0

0

PYSL JUV

55

 



Table C–4  Estimated post-impingement percent 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. 

Scientific Name Common Name Surrogate N 

Range 

(%) 

Weighted 

Mean 

(%) 

±95% CI 

Lower 

(%) 

Upper 

(%) 

Cyprinella spiloptera spotfin shiner Cyprinidae 32,053 29.1 - 100.0 80.3 79.9 80.8 

Cyprinus carpio common carp Cyprinidae 32,053 29.1 - 100.0 80.3 79.9 80.8 

Carassius auratus goldfish Cyprinidae 32,053 29.1 - 100.0 80.3 79.9 80.8 

Ictalurus punctatus channel catfish Ictaluridae 31 91.0 - 100.0 96.8 89.0 104.6 

Lepomis auritus redbreast sunfish Lepomis sp. 2,011 54.0 - 100.0 95.9 95.0 96.8 

Lepomis gibbosus pumpkinseed Lepomis sp. 2,011 54.0 - 100.0 95.9 95.0 96.8 

Lepomis macrochirus bluegill Lepomis sp. 2,011 54.0 - 100.0 95.9 95.0 96.8 

Micropterus dolomieu smallmouth bass Micropterus sp. 1,156 66.7 - 100.0 97.8 97.0 98.7 

Micropterus salmoides largemouth bass Micropterus sp. 1,156 66.7 - 100.0 97.8 97.0 98.7 
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Table C–5  Predicted percent exclusion that could be achieved with 0.5 mm narrow-slot wedgewire screens with the commonly 

entrained species at Dickerson based on head capsule depth. 

channel catfish

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

Predicted Exclusion 100 63 99

common carp

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

Predicted Exclusion 100 36 99

greenside darter

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

Predicted Exclusion 100 13 84

spotfin shiner

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

Predicted Exclusion 100 14 74 98

bluntnose minnow

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

Predicted Exclusion 100 5 69 98

spottail shiner

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

Predicted Exclusion 100 14 74 98

tesselated darter

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

Predicted Exclusion 100 5 76 990 100

1000

100

0 100

Length (mm)

Length (mm)

1000

1000

1000

Length (mm)

Length (mm)

Length (mm)

0

Length (mm)

Length (mm)
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Table C–6  Estimated exclusion length through a 9.5 mm mesh based on  

morphometric data. 

Species 

Total 

Length 

(mm) 

Body 

Depth 

(mm) 

Ratio  

Factor 

Estimated 

Exclusion Length 

(mm) 

spotfin shiner* 124.8 18.7 6.7 63.3 

common carp 125.9 38.2 3.3 31.3 

goldfish 125.9 38.2 3.3 31.3 

channel catfish 129.7 24.7 5.3 49.9 

redbreast sunfish 123.0 44.7 2.8 26.1 

pumpkinseed 129.8 42.3 3.1 29.2 

bluegill 126.6 38.0 3.3 31.7 

smallmouth bass 123.6 29.0 4.3 40.5 

largemouth bass 123.4 31.4 3.9 37.3 

*  No data available for this species – used the average of the data for other members of the same genus 

(Notropis sp.) 

 

Morphometric data from: Smith 1985. 
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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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