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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 Chalk Point 
Generating Station (Chalk Point).  As MDE is aware, the 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withdrawn as a result of the Second Circuit Court Decision (Decision).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.   

Chalk Point withdraws condenser cooling water from the tidally-influenced portion of the 
Patuxent River estuary (Patuxent), located in Charles County near Chalk Point, Maryland.  Chalk 
Point has two units that use once-through cooling and the facility has a maximum design flow of 
720 MGD.  Because of currently installed fish protection technologies and operational measures 
that would have allowed compliance with §316(b) Phase II Rule (Rule) Mirant did not propose 
to conduct new impingement or entrainment studies in the Chalk Point Proposal for Information 
Collection (PIC).  However, some source waterbody ichthyoplankton sampling was conducted in 
April and May of 2005 that provide an opportunity to explore possible entrainment effects to 
anadromous and semianadromous species.  Other source water body information on estuarine 
forage fish production has also been developed.  This document provides a review of prior 
impingement and entrainment studies; an updated analysis of possible changes to anadromous 
and semianadromous species by entrainment based on new source waterbody studies; 
reconsideration of forage fish entrainment losses in light of new studies of waterbody forage fish 
production; a review of the currently installed fish protection technologies and operational 
measures, restoration measures; and, potential technologies that could be used for compliance for 
the revised new federal §316(b) regulations expected to be proposed in 2010 to inform MDE 
316(b) BPJ compliance decision making. 

Impingement Reduction   

To reduce impingement mortality, Chalk Point has installed fish protection technology design 
and operational measures and made operational changes that provide a significant impingement 
reduction benefit.  A barrier net was installed and has been in operation for over 20 years.  
Studies to quantify the barrier net performance estimate an impingement reduction in excess of 
80%.  Additionally, use of the auxiliary cooling water pumps were determined to cause mortality 
to impingeable sized blue crabs and finfish; therefore, use of those pumps has been discontinued.  
These reductions would have met the applicable performance standards of the Rule.  The barrier 
net and discontinued use of the auxiliary cooling water pumps were also determined to be BTA 
under Maryland’s §316(b) regulations that required use of technologies and/or operational 
measures that did not exceed 5X their annual benefit (based on AFS fish production values).  
The estimated annual residual value for impingement was estimated to be $142,000 and there are 
no identified technologies or operational measures that can be implemented that would not 
exceed that value.   
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Entrainment Reduction 
 
For entrainment reduction, Chalk Point also has used design and operational features to reduce 
entrainment.  These features include use of closed-cycle cooling (Units 3 and 4) estimated to 
have reduced the facilities cooling water flow by 64.3%.  This credit would have been allowed 
under the Rule’s calculation baseline and would have been within the 60% to 90% entrainment 
reduction performance standard range.  Additionally, discontinued use of the auxiliary cooling 
water pumps reduced the overall thermal discharge flow by approximately 30%.  Since this 
water did not pass through the cooling water system, an entrainment reduction based on this flow 
reduction has not been estimated.  However, it is likely that some additional entrainment 
mortality resulted from thermal discharge plume entrainment due to exposure of entrainable life 
stages to the heated water and residual biocides and discontinued use provided an unquantified 
entrainment reduction benefit.   

In terms of Maryland’s §316(b) regulations, the impact to the spawning and nursery areas of 
consequence (SNAC) for forage species was addressed through a requirement to implement 
restoration measures that included fish stocking and removal of obstructions to migratory fishes 
in Patuxent tributaries.  These permit requirement were completed over a seven year period.  
However, Mirant continued and still continues to support the Maryland Department of Natural 
Resources (MDNR) fishery restoration program on a voluntary basis.  Mirant engaged in a 
memorandum of understanding (MOU) to allow credit for future compliance with the federal 
§316(b) requirements.  

An analysis of some more recent ichthyoplankton data collected during five sampling events in 
April and May of 2005 determined some changes for potential entrainment effects for 
anadromous and semianadromous spawners that include white perch, striped bass, herring 
species and yellow perch.  The study was not designed to estimate entrainment; however, 
estimates of entrainment and fractional entrainment losses using the data were made to explore 
potential impacts based on the data.  The estimates suggest potential effects to some of these 
species, but due to numerous uncertainties, new studies would be required to produce reliable 
entrainment and fractional loss estimates.  The analysis provides useful information on inter-
annual entrainment variation as a result of Patuxent River flows, as well as estimates of the 
proportion of large versus small larvae entrained that is useful to inform the benefits of various 
fish protection technologies.  Estimates of forage fish (i.e. bay anchovy) production foregone are 
also provided based on the 1987 entrainment study (these were considerably lower than would be 
expected from the historical studies as a result of new analysis), as well as a discussion of the 
uncertainties associated with the estimates.  As discussed, Mirant has and continues Chalk Point 
Aquaculture Center operations on a voluntary basis that serve to offset entrainment losses until a 
revised §316(b) Federal Rule and/or Maryland regulations are in place.  
 

Regulatory Developments 

1. The Utility Water Act Group (UWAG), Entergy Corporation, and Public Service Gas and 
Electric Company each filed a timely petition for Certiorari with the Supreme Court for 
review of the Decision.  The Supreme Court determined that it would not review the 
Decision regarding use of restoration measures; however, it decided it would review the 
Decision regarding consideration of compliance costs relative to the environmental benefits.  
The final decision was issued on April 1, 2009.  The Supreme upheld EPA’s use of the Cost-
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Benefit Test in the Phase II Rule.  This provision of the Rule allowed facilities to compare 
the cost of technologies to meet performance standards to the benefit that would be achieved.  
Facilities were not required to install technologies that had a cost significantly greater than 
the benefit. 

2. 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 in the 
summer of 2010 and a final Rule in 2012.  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 31 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 and 

c. impacts to electric system reliability. 

The EPRI research project is national in scope and will provide information for Maryland’s 
facilities including Chalk Point.  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.  Mirant is also participating in an EPRI research project to estimate the benefits of a 
revised Rule based on retrofits as BTA. 

Technology Evaluation 

Mirant has conducted an evaluation of potential intake technologies to reduce impingement and 
entrainment at Chalk Point to ensure timely compliance when the revised federal rule is issued.  
The likely best performing alternative fish protection technology identified for entrainment is use 
of narrow-slot wedgewire screens.  The estimated capital cost of this option is $22 million with 
an annual O&M cost of $0.6 million.  Based on site specific pilot studies conducted at Chalk 
Point by PPRD and reviewed and updated by Alden Research Laboratory (Alden), this 
technology would be expected to reduce entrainment to within the withdrawn Rule’s entrainment 
reduction performance standard range.  A second potential option is use of fine-mesh traveling 
screens for an estimated capital cost of $5.2 million and annual O&M cost of $0.65 million.  
While the cost capital cost of this option is significantly lower, so is the expected performance 
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and without pilot studies there is significant uncertainty as to whether or not this option would 
have met the Rule’s performance standard.  A third option considered is use of variable 
frequency drives (VFDs) to reduce flow on a seasonal or diel basis for an estimated capital cost 
of $1.6 million.  Chalk Point Units 1&2 are base-loaded and therefore opportunities to reduce 
flow are somewhat limited.  However, flow reductions may be possible during the spring to 
reduce entrainment of anadromous and semianadromous species or even bay anchovy during the 
night during the summer when larval densities of this species are highest while generation 
demand is reduced.  The best performing option, overall, would be a retrofit to closed-cycle 
cooling.  This option also has the highest capital cost, estimated to be in the range of $138 to 
$226.5 million.  This cost estimate range does not include the cost of lost revenue due to the 
energy penalty, or the cost of lost revenue for an extended outage, if required.  EPA did not base 
BTA on closed-cycle cooling in the Rule, in part to their determination that the cost did not 
justify the benefit.  The 2009 Supreme Court decision upheld EPA’s decision to reject closed-
cycle cooling retrofits as BTA on that basis. 

For the above reasons, Mirant believes that under BPJ, Chalk Point’s current cooling water 
intake structure is BTA and that any requirement for additional fish protection measures 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 
Chalk Point.  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. 

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. 

                                                           
1 Performance standards are found at 125.94(b) 
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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 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. 

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 
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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 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 revised §316(b) regulations for existing facilities 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 relative to cost 
is not allowed.  The Court remanded this determination back to EPA for 
clarification.  The Court said 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. 

1.3 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 
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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 working on a proposal for a revised Phase II Rule that is responsive to the 
Decision (EPA personal communications 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 determined it will not review the Decision regarding use of 
restoration measures; however, it did review the Decision regarding consideration of compliance 
costs relative to the environmental benefits.  The final Supreme Court decision was issued on 
April 1, 2009.  The Supreme Court upheld EPA’s use of cost relative to benefits to establish 
BTA and use of the Cost-Benefit Test on a site specific basis in the Phase II Rule.  These 
provisions were the basis of EPA not basing BTA on closed-cycle cooling and allowing facilities 
to compare the cost of technologies to meet performance standards to the environmental benefit 
that would be achieved on a site specific basis in the Rule.  Facilities were not required to install 
technologies that had a cost significantly greater than the benefit. 

1.5 Mirant’s Compliance with the Withdrawn Rule 

Mirant has worked to comply with Maryland and Federal §316(b) Phase II regulatory 
requirements.  Mirant submitted a Proposal for Information Collection (PIC) for Chalk Point in 
February 2006 and met with MDE and PPRP to discuss the study approach. Mirant proposed that 
it was not necessary to conduct new impingement or entrainment studies for Chalk Point.  Mirant 
presented a paper at the EPA fish protection technologies workshop in May, 2003 documenting 
that a barrier net installed to reduce impingement, had achieved a reduction in excess of 80% 
based on long-term impingement monitoring studies.  New entrainment studies were not 
conducted as a result of a provision in the Rule that allowed facilities to take credit for reducing 
flow through use of closed-cycle cooling, for some but not all units, under the Rule’s calculation 
baseline.  As discussed Chalk Point uses closed-cycle cooling for Units 3 and 4 sufficient to 
reduce flow within the entrainment performance standard range.  In addition, Chalk Point further 
reduced cooling water flow though ceasing using of tempering pumps used to cool water in the 
discharge canal at the direction of MDE.  The result is that the Chalk Point PIC did not propose 
use of an updated analysis of entrainment using a combination of historical and new larval fish to 
conduct new studies and limited the analysis to currently available data to inform the BTA 
determination.    

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 
regulations for impingement require that design and operational modifications to mitigate losses 
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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 Chalk Point and reviewed by the MDNR Power Plant 
Research Program (PPRP), determined that Chalk Point was impacting a SNAC as a result of 
entrainment losses of several forage species that included bay anchovy, naked gobies and 
Atlantic silversides.  As a result, a permit was issued requiring use of mitigation measures to 
offset those losses.  The required mitigation measures were completed and Mirant has continued 
the Chalk Point aquaculture program after establishing a Memorandum of Understanding (MOU) 
to allow aquaculture production after the NPDES permit requirement ended to be used for 
compliance with revised 316(b) regulations.  Mirant has continued Chalk Point aquaculture 
operations to support MDNR fishery restoration efforts through 2009. 

1.7 Best Professional Judgment Information Submittal Organization 

Section 2 of this document provides a description of Chalk Point.  The results of the review and 
analysis of historical and currently available information relative to impingement and 
entrainment is 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 Chalk 
Point and Section 5 provides a discussion of considerations for MDE in making its §316(b) BPJ 
compliance determination for Chalk Point.  
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2 FACILITY DESCRIPTION 

 
The facility description below was previously provided in the Chalk Point PIC.  It has been 
updated and is provided here for easy reference and provides information on the source 
waterbody, cooling water intake structure (CWIS) and cooling water system.  

2.1 General Description 
Chalk Point consists of 11 electric power generating units for a total facility generation output of 
2,512 MW.  Units 1&2 use once-through cooling (OTC) and are rated at 355 MW each.  These 
Units went on line in 1964 and 1965 respectively.  Units 3&4 are closed-cycle cooling units and 
are rated at 640 MW each when burning oil.  Units 3&4 withdraw the cooling tower make-up 
water from the discharge canal of Units 1&2.  Unit 3 went into operation in 1975 and Unit 4 
went into operation in 1982, Chalk Point has two small combustion turbines (CTs) that provide 
black start capability for the station and are rated at 18 MW and 30 MW.  In addition, the facility 
has five CTs that are used as peaking units.  The MW maximum generation for each of Chalk 
Points Units is shown in Table 1.  Chalk Point is owned and operated by Mirant.  SMECO owns 
one of the five CTs that is operated by Mirant and is covered under the Chalk Point NPDES 
permit.  Chalk Point is located on the Patuxent River tidal estuary just south of Eagle Harbor, 
Maryland at the confluence of Swanson’s Creek and the Patuxent River (Figure 1).   

Table 1 – Generation output of Chalk Point Generating Stations 11 units 

Unit 
Maximum 
Generation 
(MW) 

Unit 1 355 
Unit 2 355 
Unit 3 640 
Unit 4 640 
CT 1 18 
CT 2 30 
CT 3 86 
CT 4 86 
CT 5 109 
CT 6 109 
SMECO CT 84 
Total Max. MW 2512 
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Figure 1 – Chalk Point location on the Patuxent River showing the intake on 
Swanson’s Creek and barrier nets as well as the discharge canal and its terminus 
just south of Eagle Harbor, Maryland. 
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Units 1&2 CWIS and Cooling System Design  
The Chalk Point CWIS and cooling water system is made up of four components.  These 
components include:  

1. a double barrier net system,  
2. an intake canal,  
3. conventional intake structure consisting of bar racks, traveling screens and  condenser 
cooling water pumps and  
4. condensers that discharge heated effluent into a discharge canal.   

Each component is discussed separately below. 

Double Barrier Net System Design and Operation - Chalk Point’s CWIS begins with a double 
barrier net system that provides a significant benefit for impingeable sized organisms (Figure 2).   
The double barrier net system is currently made up of two 275-ft long by 27-ft deep panels 
supported on forty 10-in diameter pilings.  The primary (inner) net is made up of a woven netting 
mesh which is 0.75-in stretch.  This mesh size is equivalent to the 3/8 inch stainless steel square 
mesh of the traveling screens.  The second barrier net (outer), located approximately 100 ft south 
of the primary net, is used to relieve pressure on the inner net by providing debris control for the 
inner net.  This outer net currently consists of three panels, 275-ft long.  The net is approximately 
700-ft long by 27-ft deep and is supported by fifty 10-in pilings.  The woven netting mesh of the 
outer net is 1.25-in stretch.  Both sets of pilings now have a 4-ft skirt attached along the bottom 
in the deepest part of the channel to help ensure a good seal during times when there is pressure 
on the nets.  The skirt is made up of 0.75-in stretch mesh.  There is 0.5-in wire mesh fencing 
located on supports between the shore and the first pilings.  The top of each net panel is hung 
from hooks attached to the support pilings such that there is always several feet of net above the 
waterline at mean high tide.  Each net panel has a chain of 0.19-in galvanized steel to hold the 
net on the bottom.  
 
The net is located in an area of the Patuxent River where several biofouling organisms are found.  
The dominant species during the peak fouling season are a colonial hydroid (Garvia franciscana) 
and a bryozoan (Victorella pavida).  In addition, debris (primarily leaves in the fall) and jellyfish 
(in the summer) can accumulate on the outer net.  To control fouling growth and remove debris 
and jellyfish, the barrier net panels are changed on a regular basis.  All net panels are changed 
once every two weeks, except in the summer when net changes can take place once or even twice 
per week at the peak of the biofouling season.   The net is changed in a manner such that as 
panels are unhooked from pilings and peeled away with one boat, another boat comes behind 
with the replacement net.  This minimizes any opportunity for fish or crabs to by-pass the net.  
The nets have a line of floats attached to the top line which keeps them buoyant during this 
process.  The new net is deployed about 15-ft in front of the pilings and relies on the current to 
carry it against the pilings.  About 6 to 8 ft of net lies on the substrate in front of the pilings to 
ensure a good seal.  It takes approximately 40 minutes to complete a change of the inner net.   
After the change, divers inspect and adjust the bottom of the nets to insure there is a good seal 
with the river substrate.  
 
Each fall around mid-November the barrier nets are removed for ten days to two weeks.  This is 
done to prevent impingement of menhaden in the fall.  It is believed that small juvenile or late 
larval stage menhaden go through the net in the spring or early summer and take advantage of 
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the continuous flow of cooling water and associated food supply in the intake canal.  They grow 
quickly, reaching a size of 4 to 6 inches by the fall.  At this point they are too large to pass back 
through the net in order to migrate downstream in the fall.   Small impingement incidents can 
occur in late November if the nets are not removed and these trapped fish allowed to escape. 
 
During colder months (usually beginning in early December after the jellyfish season and leaf 
fall is over) the outer barrier net is removed from service until the spring.  The inner net remains 
in service over the winter.  However, to prevent ice damage to this net the top of the net 
submerged several feet below the water for a period of six weeks, or as long as there was a threat 
river freezing.  
 

 
 

Figure 2 – Chalk Point double barrier net system at the entrance to the intake 
canal. 

 
Intake Canal - After passing through the barrier net system water flows down a 450 ft intake 
canal.  The canal is a dredged open channel that is 200 ft wide and currently is 10 to 11 ft deep.   
Chalk Point was originally designed with an additional intake structure located within the intake 
canal.  This intake was designed to pump cooling water directly from the intake canal into the 
discharge canal (Figure 3).  This intake was equipped with bar racks but no traveling water 
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screens.  The purpose of this intake structure was to provide cooling of the thermal discharge for 
Units 1&2.  This intake was equipped with three 79,252 gpm pumps.  With all three pumps in 
operation the total design flow of these pumps was 237,755 gpm.  Unlike the condenser cooling 
water pumps this intake structure was equipped with bar racks but no traveling screens.  The 
result was that larger fish and shellfish that would have been impinged on the screens of Units 
1&2 were entrained.  The Maryland Department of Natural Resources (MDNR) Power Plant 
Research Program (PPRP) conducted a study of entrainment mortality and determined that most 
of the fish and shellfish entrained suffered mortality as a result of damage from the tempering 
pump impellers.   Based on these studies, PPRP determined that the adverse impacts of the 
auxiliary tempering pump CWIS outweighed the benefit provided by discharge canal cooling.  
As a result PPRP recommended that this CWIS and the pumps be retired and use of these pumps 
was terminated based on that recommendation.   
 

 
 

Figure 3 – Chalk Point auxiliary tempering water pumps designed to cool the 
condenser discharge prior to discharge into the Patuxent Estuary 

  
Units 1&2 Intake Structure – A schematic showing the orientation of the Unit 1&2 original 
intake structure orientation to the head of the discharge canal is shown in Figure 4.  Figure 5 and 
Figure 6 provide schematics showing plan and side views of Chalk Point’s original CWIS.  As 
shown in Figure 4, Units 1&2 each have their own identical separate intake structure.  Each 
intake structure consists of two trash racks, two stop logs, four traveling screens, two circulating 
water pumps and a screen wash pump (Figure 5 & Figure 6)  

The trash racks are designed to prevent large debris from damaging the traveling screens.  They 
consist of a series of vertical steel bars.  Each intake is equipped with a motor driven trash rake 
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used to remove debris from the bar racks for disposal.  After passing through the bar racks the 
water flows through the traveling screens.  Each Unit has two traveling screens that are used to 
collect and remove smaller debris including fish and crabs to prevent blockage of the condenser 
tubes.  Two traveling screens are used to filter cooling water for each condenser cooling water 
pump.  The screens are designed to rotate at two speeds, a high speed of 10 ft/min and a slower 
speed of 2.5 ft/min.  The speed used varies with the debris load.  Each traveling screen consists 
of 37 screen panels that are 10 ft wide by 2 ft high.  The screens are made of mesh with 3/8 in 
openings.  The screens are equipped with a spray wash system and fish, shellfish and debris are 
washed via a sluiceway into the discharge canal. 
 
After flowing through the screens the water is drawn into the circulating cooling water pumps.  
These pumps are rated at 125,000 gpm.  Thus each Unit uses 250,000 gpm for a total of 500,000 
gpm of condenser cooling water for the two OTC units.  In addition to the cooling water pumps, 
each of these units is equipped with a 1,200 gpm screen wash pump. This results in a total intake 
flow for Units 1&2 of 502,400 gpm.  Based on screen surface area and mean low tide the 
maximum through screen design velocity is 1.74 fps at the traveling screens. 
 
After passing through the cooling water pumps the water passes through the condensers and is 
discharged into a 6,000 ft discharge canal that extends north of the facility and discharges to the 
back to the Patuxent River upstream of the intake. 
 
Units 3&4 CWIS:  
 
Units 3 and 4 are 612 MW each.  Each of these units is equipped with a natural draft hyperbolic 
cooling tower (Figure 7).  These two units have their own separate CWIS which is located 
adjacent to and withdraws water from the discharge canal for Units 1&2.  Because these units 
withdraw their closed-cycle cooling makeup water from the discharge of Units 1&2, they require 
no additional cooling water from the Patuxent River.    
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Figure 4 – Schematic of orientation of intake canal, Units 1&2 original intake 
structure and discharge to the discharge canal. 
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Figure 5 - Schematic showing a top and side view of the Units 1&2 CWIS 
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Figure 6 - Schematic showing a top and side view of the Units 1&2 CWIS   
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Figure 7 -– Photograph of the natural draft hyperbolic cooling towers for 
Units 3&4 
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2.2  Deviations from the Rule’s Calculation Baseline 
 
Chalk Point has a number of significant deviations from the Rule’s calculation baseline.  Even 
though the Rule has been withdrawn a discussion of the applicable calculation baseline credits is 
provided for two reasons: 1) the calculation baseline was not a subject of the Rule’s litigation and 2) 
the deviations from the calculation baseline are all design and operational features or modifications to 
the cooling water intake structure that were implemented either wholly or in part for the purpose of 
providing fish protection.  Therefore a discussion of the applicable calculation baseline credits is 
provided for BPJ considerations.  These are summarized as follows: 

• Chalk Point’s intake structure is equipped with a barrier net that provides fish and shellfish 
protection for impingeable sized organisms.  PPRP recommended use of the barrier net for 
impingement reduction based on results of impingement studies conducted in the early 
1980s.  The net has been determined to provide a significant fish protection benefit. 

• Chalk Point has a debris and fish collection return system that returns impinged fish and 
crabs to the discharge canal and substantial survival of species such as blue crabs and 
hogchoker have been demonstrated. 

• Chalk Point has two closed-cycle re-circulating cooling Units (i.e. Units 3&4) that provide a 
significant flow reduction for the facility.  Flow reduction is considered by EPA as one of the 
most effective fish protection technologies for both entrainment and impingement.  

• Chalk Point discontinued use of auxiliary tempering pumps specifically for the purpose of 
fish protection.  Eliminating this flow provided a benefit to both impingeable and entrainable 
fish and shellfish. 

A discussion of how these benefits of these deviations is provided in Section 3 below.  
 
2.3  Applicable Performance Standards 
 
Since the Chalk Point is located on a tidal river, uses more than 50 mgd of cooling water and its OTC 
Units have a capacity utilization of 15% or more, the facility would have been subject to both the 
Rule’s IM&E reduction performance standards.  Chalk Point was previously subject to impingement 
and entrainment requirements of Maryland’s 316(b) regulations prior to the Rule. 
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3 CHALK POINT IMPINGEMENT AND ENTRAINMENT  

In compliance with the withdrawn Rule, Mirant submitted a PIC to MDE and met with MDE and 
PPRP to discuss plans for addressing impingement and entrainment for Chalk Point.  Mirant’s 
compliance approach for the Rule was based on use of a combination of installed technologies 
and operational measures, flow reduction credits allowed under the Rule’s calculation baseline 
and use of restoration measures for §316(b) compliance.  As a result, Mirant did not propose to 
conduct new studies for compliance, since prior studies were considered generally representative 
of current biological conditions in the Patuxent and/or were not required because they were not 
necessary to quantify the benefit of the in place technologies, operational and restoration 
measures.  Prior to the Rule, extensive impingement and entrainment studies had been conducted 
for compliance under Maryland’s §316(b) regulations.  Chalk Point achieved compliance with 
Maryland’s entrainment regulations through a combination of installed fish protection 
technologies, operational and restoration measures.  As discussed, the Rule has been remanded 
and §316(b) compliance has reverted to BPJ. 

This section provides a summary of biological information to inform the BPJ decision making 
for the new NPDES permit.  Specifically the information in Section 3.1 provides a summary of 
prior entrainment studies as well as an analysis of some new ichthyoplankton data collected in 
April and May of 2005 with a focus on possible entrainment effects to anadromous and 
semianadromous species.  This section also provides production foregone estimates for bay 
anchovy, an important forage species, based on the PEPCo 1987 entrainment study.  Section 3.2 
provides a summary of prior impingement information.  Section 3.3, provides an overall 
summary of entrainment and impingement compliance relative to both the withdrawn Rule and 
Maryland’s §316(b) regulations.  A much more detailed discussion of these topics is provided in 
Attachment A.     

3.1 Entrainment 

This Section provides a short summary of prior entrainment studies, the results of those studies 
and an analysis of more current entrainment source waterbody data.  

3.1.1 Prior Entrainment Studies 

A list of prior Chalk Point entrainment studies is provided in Table 2.  The initial Chalk Point 
entrainment studies were conducted during the period 1977 – 1979.  They included regional 
studies conducted by the Chesapeake Bay Biological Laboratory (CBL) as well as intake, 
discharge and regional studies conducted by the Academy of Natural Sciences of Philadelphia 
(ANSP).  These studies suggested potential issues for forage species that resulted in a follow-up 
study by PEPCo in 1982.  The 1982 Study failed to resolve the forage fish issues resulting in 
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PEPCo conducting a forage fish pilot study in 1985 followed by an extensive forage fish 
sampling program in 1987.  Information on the methods used in these studies is provided in 
Attachment A.  

 

Table 2 – Prior entrainment studies conducted for Mirant’s Chalk Point Generating 
Station 

Year  By Study Type 
Study 
Period Reference Comment 

1978 CBL 
Regional 3/21 to 8/21 

Day 
Mihursky et al. – 
1980   

1979 CBL 
Regional 3/29 to 6/21 

Day 
Mihursky et al. – 
1980   

1977 ANSP 
Regional 4/7 to 6/23 

Night ANSP 1983 
Report includes data for 
most common species 

1978 ANSP 
Intake, Disch. 
& Local Area 

3/23 to 11/21 
Night ANSP 1983 

Report includes data for 
most common species 

            

1979 ANSP 
Intake, Disch. 
& Local Area 

3/29 to 10/17 
Night ANSP 1983 

Report includes data for 
most common species 

1982 PEPCo 

Forage fish 
Regional 6/20 to 8/21 

Night 

Loos et al. 1983 and 
Edinger and 
Buchak-1983 

Small larvae may not 
have been adequately 
represented and no egg 
data 

    Regional       

1985 PEPCo 

Bay anchovy - 
Disch & Local 

Area 
7/17 to 8/21 
Day & Night PEPCo 1987 Pilot Study 

1987 PEPCo Forage fish   Loos & Perry 1989 Original data available 

    
Discharge 4/7 to 10/14 

Day & Night     

    
Local Area 5/12 to 8/19 

Day & Night     

    
Regional 6/2 to 8/19 

Night     

    
Mouth of 
Estuary 

6/15 to 8/11 
Day & Night     
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A list of the species expected to be collected and infrequently collected species during the 1977 – 
1979 studies is provided in Table 3.  

Table 3 – A list of species expected to be collected or collected during the 1977 – 
1979 ichthyoplankton surveys. 

Common Name Scientific Name RIS* Eggs Larvae Juv. 
Frequently Collected Species** 

American Eel Anguilla rostrata       X 
Herrings Cludpeidae X X X X 
Atlantic menhaden Brevoortia tyrannus X     X 
Bay anchovy Anchoa mitchilli X X X X 
Silversides Atherinidae X X X X 
Yellow perch Perca flavescens X   X X 
White perch Morone americana X X X X 
Striped bass Morone saxatilis X X X X 
Spot Leiostomus xanthurus X     X 
Naked goby Gobiosoma bosci X   X X 
Hogchocker Trinectes maculatus    X X X 

Infrequently Collected Species 
Sea lamprey Petromyzon marinus       X 
Eastern 
mudminnow Umbra pygmaea     X   
Grass pickerel Esox americanus       X 

Silvery minnow 
Hybognathus 
nuchalis     X X 

Spottail shiner Notropis hudsonius     X X 
White catfish Ictalurus catus       X 
Channel Catfish Ictalurus punctatus       X 
Atlantic needlefish Strongylura marina       X 
Mummichog Fundulus heteroclitus   X X X 
Striped killifish Fundulus. majalis     X X 
Northern pipefish Syngnathus fuscus       X 
Sunfish larvae Centrarchidae     X   
Pumpkinseed Lepomis gibbosus     X X 
Tessellated darter Ethestoma olmstedi       X 
Bluefish Pomatomis saltatrix       X 
Weakfish Cynoscion regalis       X 
White mullet Mugil curema       X 
Sand lance Ammodytes sp.       X 
Summer flounder Paralichtys dentatus       X 
Hogchocker Trinectes maculatus    X X X 

* Representative Important Species 
** Species and entrainable life stages of species expected to be collected in the ANSP surveys 
 
Table 4 provides densities of the dominant species of entrainable life stages collected in the 
vicinity of Chalk Point in the 1978 and 1979 ichthyoplankton surveys while Table 5 groups 
species as either predators or forage species.. 
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Table 4 – Mean seasonal density of fish eggs, larvae and juveniles collected by 
ANSP near Chalk Point Station and estimated numbers entrained in 1978 and 1979 
in millions. 

 

  1978 1979 

Species* Stage 
Density 

(N/100m3) 
Num. Ent. 

Millions 
Density 

(N/100m3) 
Num. Ent. 

Millions 
American eel Larva 0.19 1.22 0.16 0.92 
bay anchovy Egg 7.95 51.92 0.42 2.36 
 Larva 34.15 223.06 11.00 61.84 
 Juv 28.62 186.93 8.36 47.00 
herring spp. Larva 1.41 9.19 0.02 0.10 
silverside spp. Larva 3.66 23.94 1.99 11.21 
 Juv 0.54 3.53 0.21 1.16 
yellow perch Larva 0.01 0.09 0.62 3.49 
white perch Egg 0.04 0.24 0.01 0.04 
 Larva 5.75 37.59 3.51 19.74 
 Juv 0.22 1.41 0.00 0.01 
striped bass Egg 0.01 0.04 0.12 0.66 
 Larva 0.56 3.64 0.01 0.07 
naked goby Larva 379.62 2479.62 338.15 1901.99 
 Juv 0.26 1.72 0.20 1.14 
Sum All  3024  2051 

 

*  Other species collected but not quantified include: eastern mudminnow, eastern silvery minnow, spottail shiner, 
channel catfish, white catfish, mummichog, striped killifish, northern pipefish, weakfish, sand lance sp. and 
hogchoker. 

 

Table 5 – Entrainment species composition in 1978/1979 grouped as either 
predators such as striped bass and white perch or forage species such as bay 
anchovy and naked goby. 

   1978 1979 
Species 
Type* Stage  

Num. Ent. 
Millions 

% Forage 
by Stage 

Num. Ent. 
Millions 

% Forage 
by Stage 

Forage Egg  51.96 99.54% 3.02 98.81% 
  Larva  2730.26 98.27% 1975.11 98.79% 
  Juv  192.18 99.27% 49.30 99.98% 
Predator Egg  0.24 0.46% 0.04 1.19% 
  Larva  48.07 1.73% 24.25 1.21% 
  Juv  1.41 0.73% 0.01 0.02% 

 
*  Forage fish included here are bay anchovy, naked goby and silverside species 

Predator fish included here are American eel, herring spp. white perch, striped bass and yellow perch. 
 

It was the results of the studies presented in Table 4 and Table 5 that first suggested a potential 
issue for forage species that included bay anchovy, naked goby and Atlantic silversides.  When a 
summer ichthyoplankton study conducted in 1982 failed to resolve this issue a very extensive 
forage fish entrainment study was initiated in 1987 (preceded by a pilot study in 1985).  The 
goals of the 1987 study included estimation of natural mortality rates and movement patterns of 
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bay anchovy (See Loos and Perry 1989 & 1991).  The focus was to acquire data on estimates of 
numbers of forage fish in river segments and numbers and biomass entrained during spawning 
and nursery season to provide estimates of entrainment losses relative to the distribution of these 
species and their life stages in the Patuxent.  The results of the study are provided in Table 6 
while Figure 8 provides a map showing the river segments where species and life stages were 
collected. 
 

Table 6 – Mean densities and numbers of forage fish for various entrainable life 
stages for various Patuxent River segments from 1987 study 

 
 Mean Density (Num./100 m3) 
River Bay  Anchovy Naked Silverside 
Segment Eggs Larvae & Juv. Total Length Goby Spp 

  
1-10 
mm 

11-20 
mm

>30 
mm All All 

04-07 65.6 140.6 26.8 24.3 1,720.5 13.0 
08-11 155.4 159.3 34.9 56.0 1,249.4 12.5 
12-13 563.3 53.5 48.4 62.8 914.0 1.7 
14-17 148.3 43.4 81.7 100.2 607.1 0.5 
18-21 988.5 51.4 20.2 33.6 312.0 0.1 
22-25 2,073.7 104.6 18.9 15.5 316.5 0.3 
26-29 1,066.6 83.6 9.1 14.5 507.7 0.1 
30-33 995.7 171.9 9.4 4.2 370.1 0.5 
34-35 1,553.6 1,080.8 10.4 4.7 131.2 0.2 

 Mean Abundance (millions) 
04-07 5.4 11.6 2.2 2.0 237.6 1.4 
08-11 21.1 21.7 4.7 7.6 221.3 2.0 
12-13 85.1 8.1 7.3 9.5 170.7 0.7 
14-17 63.0 18.4 34.7 42.5 282.3 0.4 
18-21 954.9 49.7 19.5 32.5 315.2 0.1 
22-25 2,533.2 127.8 23.1 18.9 396.4 0.5 
26-29 1,458.0 114.2 12.5 19.9 707.0 0.2 
30-33 1,545.2 266.8 14.6 6.5 582.8 0.9 
34-35 1,547.9 1,076.9 10.4 4.7 136.3 0.4 
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Figure 8 -  Patuxent River study segments bounded by the nautical mile intervals 
of Cronin and Prichard (1975) 
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The densities and abundances of small bay anchovy larvae (1 to 10 mm TL) were highest in the 
lower part of the estuary; while densities of larger larvae were higher in the middle and upper 
parts of the estuary.  The abundance of larger larvae was highest in the middle part of the estuary 
(near Chalk Point); abundance in the upper part was not as high because of the smaller river 
volume there.  For naked goby densities were highest up-estuary but abundance was relatively 
evenly distributed and for silverside densities and abundances were highest up-estuary. 
 
Table 7 summarizes the weekly density and entrainment estimates for bay anchovy including 
numbers and biomass.  Small larvae (1-10 mm TL) were most abundant, while juveniles (greater 
than 30 mm TL) had the greater biomass.  The sampling design included both day and night 
sampling and the diel distribution of these ichthyoplankton is shown in Table 8.  For bay 
anchovy, there was a clear increase in entrainment at night particularly for large larvae.  This 
trend was even more pronounced for biomass as might be expected because of the geometric 
relationship between length and weight.  Entrainment was also greater at night for naked goby 
and silverside species. 
 
 
 



 

3-8 

 
Table 7 – Estimated density, number and biomass (i.e. Wt) of bay anchovy 
entrained at Chalk Point Station in biweekly sampling intervals in 1987 assuming 
design circulator flow.  (Biomass estimates not computed for eggs.) 

 
Samp. Num Day/ Ent. Density (Num/100 m3) Num. Entrained (mil) Wt. Entrained (kg) 

Interval Days Night Flow Egg Larva&Juv (TL mm) Egg Larva&Juv (TL mm) Larva&Juv (TL mm) 
   mil m3  1-10 11-20 >20  1-10 11-20 >20 1-10 11-20 >20 

4/6/1987 14 D 19.7 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
 14 N 16.6 0 0 0 1 0.0 0.0 0.0 0.1 0.0 0.0 12.1 

4/20/1987 14 D 20.6 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
 14 N 15.7 0 0 0 1 0.0 0.0 0.0 0.1 0.0 0.0 12.6 

5/4/1987 14 D 21.7 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
 14 N 14.6 0 0 0 1 0.0 0.0 0.0 0.1 0.0 0.0 4.3 

5/18/1987 14 D 22.4 32 1 0 0 7.2 0.2 0.0 0.0 0.0 0.0 0.0 
 14 N 13.9 15 0 0 0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 

6/1/1987 14 D 22.9 166 4 0 0 38.0 0.9 0.0 0.0 0.0 0.0 0.0 
 14 N 13.4 532 5 0 0 71.1 0.7 0.0 0.0 0.0 0.0 0.0 

6/15/1987 14 D 23.1 130 3 0 0 30.1 0.7 0.0 0.0 0.1 0.0 0.0 
 14 N 13.2 756 18 3 0 99.7 2.4 0.4 0.0 0.1 0.5 0.2 

6/29/1987 14 D 23.0 496 17 5 0 113.9 3.9 1.1 0.1 0.4 2.5 0.8 
 14 N 13.3 152 35 41 19 20.3 4.7 5.5 2.5 0.8 19.3 24.0 

7/13/1987 14 D 22.5 234 21 1 0 52.6 4.7 0.3 0.0 0.6 0.7 0.0 
 14 N 13.8 113 59 18 10 15.5 8.1 2.4 1.3 1.0 6.9 13.7 

7/27/1987 14 D 21.9 73 17 2 0 16.0 3.6 0.4 0.0 0.4 0.7 0.0 
 14 N 14.4 205 53 28 1 29.5 7.6 4.0 0.1 1.3 8.0 2.3 

8/10/1987 14 D 21.1 221 67 1 0 46.6 14.1 0.3 0.0 0.6 0.6 0.0 
 14 N 15.2 317 116 19 6 48.3 17.7 2.9 0.9 1.1 8.2 10.7 

8/24/1987 21 D 30.1 91 59 2 0 27.4 17.8 0.5 0.0 1.1 0.6 0.0 
 21 N 24.3 335 255 26 7 81.5 62.0 6.3 1.8 4.9 12.9 22.2 

9/14/1987 14 D 18.9 82 90 3 0 15.5 17.1 0.6 0.1 1.0 0.8 0.6 
 14 N 17.4 4 154 82 26 0.7 26.7 14.3 4.5 4.0 35.7 46.7 

9/28/1987 14 D 17.8 0 3 1 0 0.0 0.5 0.2 0.0 0.2 0.4 0.0 
 14 N 18.5 0 11 17 1 0.0 2.0 3.2 0.2 0.9 5.0 3.8 

10/12/1987 14 D 16.9 0 1 1 0 0.0 0.1 0.2 0.0 0.0 0.2 0.0 
 14 N 19.4 0 0 4 2 0.0 0.0 0.9 0.4 0.0 2.1 8.0 
       Sum 716 196 43 12 19 105 162 
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Table 8 – Estimated density, number and dry weight biomass of forage fish 
entrained at Chalk Point Station by diel period in 1987 assuming design flow.  
(Biomass estimates not computed for naked goby eggs or silverside species.) 

 
 Day (Total Flow Volume = 302 mil m3) 

 Density (Num./100 m3) Number (mil) Biomass (kg) 
Stage/Length Anchovy Goby Silverside Anchovy Goby Silverside Anchovy Goby

Eggs 114.8 0.0 0.0 347.3 0.0 0.0 5.5  
1-10 mm 15.7 276.9 0.6 47.4 837.6 1.7 0.7 25.3
6-10 mm 5.4 35.3 0.6 16.3 106.9 1.8 3.7 31.0

11-16 mm 0.9 0.4 0.0 2.7 1.1 0.1 3.1 1.7
16-20 mm 0.3 0.0 0.0 0.9 0.0 0.0 3.4 0.1
21-25 mm 0.0 0.0 0.0 0.1 0.0 0.0 1.4 0.0
26-30 mm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0

>30 mm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
All Larvae & 

Juv 22.3 312.6 1.2 67 946 4 12 59
 Night (Total Flow Volume = 224 mil m3) 
 Density (Num./100 m3) Number (mil) Biomass (kg) 

Stage/Length Anchovy Goby Silverside Anchovy Goby Silverside Anchovy Goby
Eggs 164.8 0.0 0.0 368.7 0.0 0.0 5.8  

1-10 mm 36.6 276.8 4.2 81.9 619.2 9.5 1.6 21.2
6-10 mm 22.4 59.8 5.2 50.0 133.7 11.7 12.5 50.2

11-16 mm 11.3 5.3 0.6 25.2 11.9 1.4 34.8 17.2
16-20 mm 6.5 0.1 0.0 14.5 0.2 0.0 63.7 1.2
21-25 mm 4.8 0.1 0.0 10.7 0.1 0.0 103.9 1.8
26-30 mm 0.4 0.1 0.0 0.8 0.2 0.0 15.3 5.1

>30 mm 0.3 0.0 0.0 0.7 0.0 0.0 41.2 1.4
All Larvae & 

Juv 82.2 342.2 10.1 184 765 23 273 98
 Day and Night (Total Flow Volume = 526 mil m3) 
 Density (Num./100 m3) Number (mil) Biomass (kg) 

Stage/Length Anchovy Goby Silverside Anchovy Goby Silverside Anchovy Goby
Eggs 280 0 0 716 0 0 11.3  

All Larvae & 
Juv 105 655 11 251 1,711 26 285 157
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The 1987 study entrainment estimates of the dominant forage fish species for larvae and 
juveniles were compared to ANSP estimates for the 1978 and 1979 study and were found to be 
reasonably concordant (Table 9). 

Table 9 – Comparison of 1987 entrainment estimates for dominant forage fish 
species entrained at Chalk Point. 

 
Entrainment Loss (millions) 

 Bay Anchovy 
Naked 
Goby

Silverside 
Spp

Year 
 

eggs 
 

larvae
Juv. 

larvae
Juv.

larvae
Juv.

1978 52 410 2,482 27
1979 2 62 1,902 11
1987 716 251 1,711 26

 

3.1.2 Analysis of New Patuxent Ichthyoplankton Data 

Since the prior determination of compliance with Maryland’s §316(b) entrainment regulations 
some new data have become available which provide a basis to update potential entrainment 
issues for early spawners that include anadromous and  species such as white perch, striped bass, 
yellow perch and herring species.  Specifically, a study was conducted in the Patuxent from 
April 7 to May 31, 2005 by Dr. Lisa Kerr, as part of a PhD research study with the Chesapeake 
Biological Laboratory.  The field work used here to update entrainment estimates for 
anadromous/semianadromous fish entrainment described in Subsection 3.1.2.1 of this report.   
 
3.1.2.1 Entrainment of Anadromous and Semi Anadromous Fish 
 
Dr. Kerr conducted a Patuxent River ichthyoplankton study from April 7 to May 31 2005 that 
consisted of five sampling events, one sample collected every other week for a total of five 
sampling dates.  There were 13 stations located from Western Branch to Hunting Creek (Kerr 
2008) Figure 9.  The lower most station, EH, is located between the Chalk Point Station intake 
and discharge about 1.6 km above Chalk Point.  The data include abundance and length 
frequency distributions of eggs and larvae and environmental/water quality data (i.e. 
temperature, salinity, conductivity and dissolved oxygen [DO]).  It is important to note there 
were some significant limitations to the study in terms of use for estimating current Chalk Point 
entrainment during the study period.  These limitations included: 

• All sampling done during the day while entrainment densities tend to be higher at night 
• No sampling was conducted at the Chalk Point intake or discharge canal 
• The sampling did not encompass the full period when entrainment for spring spawners 

occurred  
• Sampling was limited to the mainstem Patuxent and shallow water inshore areas and 

tributaries provide significant additional habitat 
Recognizing these limitations the data were analyzed in terms of potential impacts for these 
species.  In some cases best professional judgment assumptions were made relative to sources of 
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uncertainty, while for others no adjustment was made leaving a level of uncertainty to the 
analysis.  A summary of analysis uncertainties is provided after the presentation of results.  
 
The densities of white perch larvae collected for each of the thirteen river sampling segments for 
each of the five sampling events is shown in Table 10.  On the first sampling event (April 7th) the 
majority of larvae were well up-estuary from Chalk Point (i.e. Station EH) in Table 10.  This 
table shows the number of larvae per unit volume (N/100 cubic meters) (referred to as density) 
and the abundance of larvae computed by multiplying the density by the river volume.  Because 
the volume of the river is smaller up-estuary; there are more larvae down estuary then implied by 
the densities.  Even so abundances were low near Chalk Point in early April.  In mid-April and 
early May the larvae moved down-estuary closer to Chalk Point.  In late May the larvae appeared 
to move back up-estuary.  This changing pattern of larval distribution for white perch is 
consistent with historic distribution patterns (ANSP 1983). 
 
All sampling was done during the day, while typically larval density estimates are higher at night 
than during the day.  This could cause a bias in estimates derived from the density data.  The 
analysis was adjusted to take this bias into account.  Entrainment was estimated from the mean 
density at Station EH, which is the station closest to the Chalk Point intake.  Studies by ANSP 
(1978-1979) indicated that densities at the intake were approximately 0.3 times the mean density 
over stations located in the river between the intake and discharge.  Entrainment densities were 
assumed to be 0.3 times the mean density at Station EH. 
 
The number of larvae entrained was estimated by multiplying the entrainment densities of larvae 
(number per unit volume) by the mean actual flow rates from 2002 to 2008. Mean monthly flows 
as reported by Mirant to MDE in Discharge Monitoring Reports (DMRs) were used.  Total 
entrainment was then multiplied by temperature specific mortality rates to estimate the larval 
entrainment losses.  The species for which estimates are provided include: 

• White perch 
• Striped bass 
• Yellow perch 
• Herring Species 

o American shad 
o River herring 
o Gizzard shad and River herring 

 
The focus of the analysis was to provide fractional loss estimates as a result of entrainment.  The 
analysis considered a number of variables, briefly summarized here and discussed in detail in 
Attachment A.  Variables considered in the analysis included: 

• Inter annual variability – Fractional entrainment loss estimates for anadromous and 
semianadromous species are provided for the 2005 study but were also re-estimated for 
the 1977 study and 1978/1979 study using similar methods and parameters.    

• Entrainment Survival – Entrainment survival can be significant especially during the 
spring when ambient river and discharge temperatures are low and much of the 
entrainment is prior to initiation of intermittent chlorination.  A range of mortality rates 
were used.  An EPRI report providing a summary of studies conducted at other power 
plants indicates white perch mortality rates of about 30 to 40% when discharge 
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temperatures are below 30 oC as they typically are at Chalk Point in April and May.  
Based on entrainment mortality studies for other species at Chalk Point, mortality rates of 
50 to 75% were considered reasonable. 

• Diel Variation – The PEPCo 1987 study at Chalk Point determined there was significant 
diel variation in species densities for the dominant entrained species with densities being 
significantly higher at night compared to day. 

• Chalk Point Cooling Water Flow – Since cooling water flow may vary somewhat from 
year to year the current entrainment loss estimates are based on the mean cooling water 
flow for the period 2004-2008.  

• Varying Growth Rates – It is important to consider varying growth rates as the slower the 
growth rate the longer the larvae are exposed to entrainment while it also reduces 
production of larvae in the river.  The growth rates for white perch were assumed to 
range from 0.2 (slow) to 0.4 (fast) mm per day based on a range of cohort growth rates 
for the Patuxent River (Kerr 2008). 

• Patuxent River Salinity/Flow Rate Variability – The anadromous and semianadromous 
species tend to spawn in the freshwater portion of the Patuxent, however, as a result of 
freshwater inflow the salinity regime varies around Chalk Point such that in some years 
the early life stages of these species are in closer proximity to the cooling water intake 
than others.   

• Size Intervals – Fractional losses were based on 1 mm size intervals.  Additional 
estimates are provided for larvae larger and smaller than 10 mm, as that is a size were 
many fish larvae exhibit significant behavioral avoidance. 

An additional consideration for the analysis is that the April/May sampling period did not 
encompass the full period for which entrainable life stages could be vulnerable to entrainment at 
Chalk Point.  This gap was filled by using data from the late 1970s studies.    
 
Potential fractional entrainment loss estimates are provided for 2005 for the anadromous and 
semianadromous species in Table 11. Estimates based on different assumptions ranged from 
1.13% to 2.86% for American Shad to 15.55% to 25.94% for striped bass.  Table 12 provides a 
comparison of fractional loss estimates for 2005 to potential estimates for studies conducted in 
the late 1970s.  
 
Some thirteen different entrainment fractional loss estimate scenarios were conducted.  Four 
scenarios are highlighted here (Table 13):  Scenario 1, no entrainment;  Scenario 10, entrainment 
losses similar to those estimated in entrainment analysis described above;  Scenario 11, no 
entrainment of large larvae >= 10 mm; Scenario 13, an advective loss scenario.  Scenario 13 is a 
scenario in which small larvae that are transported well out of the prime part of the nursery area 
(which is found near the salt front – Campfield 2004) are assumed to have a much lower 
probability of survival than larvae which are able to maintain position in the nursery area.  
Ecological experiments in the Patuxent River support this premise.  In 1991 Secor et al. (1995) 
released 6.5 million striped bass larvae which were 6 to 7 mm TL in various locations in the 
Patuxent River.  These larvae were immersed in a dye solution which left a mark on the otoliths 
so they could be identified when recaptured.  While mortalities were high, about 70% in the first 
3 days, the stocked larvae contributed 10 to 30% of the juveniles in the Patuxent River that year. 
However it appeared that none of the larvae stocked in the lower part of the river near Chalk 
Point survived and the authors believed that these larvae suffered complete mortality due to 
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advective down-estuary loss.  In a similar experiment with American shad there seemed to be 
complete mortality of American shad larvae stocked in this part of the river.  While Scenario 13 
assumes almost complete advective loss of small larvae in the river near Chalk Point; it assumes 
only moderate advective loss of large larvae based on the premise that larger larvae have 
improved swimming ability which would enhance their ability to move back up estuary.  
 
Scenario 1, the no entrainment scenario, was the base case against which the other scenarios 
were compared (Table 14). 
 
Results for Scenario 10 indicate that losses are higher than one might expect if data were 
available only from normal or dry years.  In such years the data indicates losses of about 2% for 
each class of larvae. This would lead one to expect an overall loss of 4% [ 1-(1-0.02)* (1-0.02) = 
0.04 or 4%].  However even though wet year losses have a low frequency (frequency = 27%); 
they are influential, resulting in an overall mean loss of 10%.  This could hypothetically result in 
a reduction of white perch spawning stock biomass (SSB) in the Patuxent River from 460 metric 
tons (mt) to about 420 mt.  

Results for Scenario 12 suggest that if only small larvae were lost due to entrainment then 
population loss would be reduced to about 5 or 6 %.   

Results for Scenario 13 suggest that if most of the small larvae found near Chalk Point are lost 
anyway due to advection out of the nursery area (as indicated by the experimental data) and if 
there were moderate advective losses for large larvae, then population losses would be reduced 
to about 2%.  On the other hand, if there were high advective loss of small larvae but little 
advective loss of larger larvae, then partial entrainment protection of larger larvae would have 
the same effect.  This could be some "man-made" protection or “natural” protection related to 
entrainment avoidance by large larvae and juveniles due to their improved swimming ability. 

Analysis Uncertainties 

It is important to re-emphasize that there are significant uncertainties associated with use of the 
2005 data for estimating entrainment since the study was not designed for that purpose.  There 
are also uncertainties associated with the historic studies.  Some of these uncertainties include: 

1. Data for the 2005 and historic studies were only collected in the mainstem Patuxent and 
not in inshore and tributaries.  Significant spawning and habitat occur in shore and in 
tributaries.  Alewife, blueback herring, white perch and river herring spawn extensively 
in tributary streams of the Patuxent River estuary (O’Dell and Mowrer 1984).  Small 
larvae hatched in tributaries would not be included in river abundance estimates and this 
could lead to over estimates of fractional population loss estimates. 

2. For the 2005 study and some of the historic studies no sampling was conducted at the 
Chalk Point intake or discharge canal.  Traditional power plant entrainment studies are 
based on data collected at either in close proximity to the power plant intake or at the 
point of discharge.  While each of these sampling locations has advantages and 
disadvantages such sampling locations have a much higher probability of collecting 
entrained fish than sampling locations such as EH which is located somewhat upriver and 
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offshore from the entrance to the intake canal.  Table 12 shows 1979 white perch 
entrainment fractional loss estimates from the ANSP study of 0.75% (i.e. less than 1%) 
and an estimate of a 6.35% loss from the CBL data.  The primary difference in the 1979 
estimates is that the ANSP data is based on sampling at the Chalk Point intake while the 
CBL data estimate is based on sampling in the mainstem Patuxent.  It is entirely possible 
that there is a similar overestimate of fractional loss estimates for striped bass, white 
perch and other species due to lack of a sampling location in close proximity to the intake 
even though some adjustment (3X) was made to account for that.   

3. For the 2005 study, the sampling frequency and duration were not adequate to provide a 
high level of resolution for entrainment estimates.  As noted in Table 10, sampling was 
initiated after spawning was already in progress and ended prior to the end of spawning 
for the anadromous and semianadromous species.  While the majority of spawning 
should have been captured there is some uncertainty in the estimates due to the absence 
of data for entrainable life stages that might have been present prior to or after the study 
and while 1970s data was used to fill this gap it may not be representative of current 
entrainable life stage densities during this period.  Similarly, the majority of entrainment 
contributing to loss estimates was extrapolated from data collected on two sampling 
dates, April 21st and May 3rd.  Sampling at a frequency of every other week results in 
significant uncertainty as a result of lack of data to better identify when higher densities 
appeared at Station EH and how fast they tapered off prior to the May 19th sampling 
event when few larvae were collected.   

4. For the 2005 study and historic studies, entrainment survival was not based on site 
specific studies and could have been lower or higher than reflected in this analysis.  This 
analysis assumed 100% mortality for striped bass eggs, used literature values from other 
studies to estimate survival for some species and best professional judgment to estimate 
discharge canal mortality.  Reliable estimates of entrainment survival require site specific 
study and the estimates used in this report could have been higher or lower than those 
reflected in the analysis.  Similarly the analysis assumed that all entrained eggs and 
larvae were live and healthy when entrained which is unlikely.  A number of entrainment 
studies conducted for the withdrawn Rule were conducted to quantify the number of dead 
eggs and larvae entrained and in some cases the numbers were significant.  Additionally, 
Chalk Point recirculates somewhere between 10% to 15% of the water from the discharge 
back to the intake resulting in re-entrainment of larvae in that water and to the extent 
entrainment mortality is high already dead entrainable life stages for all these species are 
being re-entrained. 

5. None of the studies included both day and night periods.  The 2005 study included only 
day sampling.  Some of the historic studies were done in the day and some at night.  In 
order to take diel variation into account it was necessary to use data for other species.  
The same problem existed for the historic studies.  Any future studies of 
anadromous/semianadromous fish should include day and night sampling. 

6. For all studies, for herring species there is some uncertainty relative to species 
composition in terms of the commercially important species and gizzard shad due to the 
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taxonomic difficulties of differentiating early life stages to the species level.  Several 
lines of evidence were developed that indicated that the longitudinal distribution 
anadromous (Alosa) species could be represented by white perch in an environmentally 
conservative manner.  Still this is a source of uncertainty.  Also larval abundance 
estimates for American shad were based on population estimates and larval mortality 
rates estimated from DNR mark and recapture studies which are not typical for 
entrainment evaluations. The result is that entrainment of the commercial species of 
concern could be greater or less than reflected in this analysis.  Methods that might be 
used to differentiate these species should be explored for any future entrainment study. 

7. In the 2005 study, for striped bass in particular, the estimates are based on a paucity of 
data as white perch rather than striped bass were the real focus of this study.  Fractional 
loss estimates for that species in particular should be viewed with even greater caution. 

8. Length data were available in 2005 only for white perch.  Lengths of other species were 
extrapolated based on comparative length data from the literature.  This adds uncertainty 
in the analysis; estimates but it not clear to what extent the estimates would be affected.  
The method of estimating percent population loss is expected to be relatively robust to 
errors in length distributions however, obtaining appropriate length data should be a 
priority in future studies. 

As a result of the uncertainties and data limitations resulting from use of data from a source 
waterbody study not designed to provide a reliable estimate of entrainment, results should be 
viewed as more theoretical rather than actual estimates of current entrainment for these 
species.  The data are considered adequate to document that changes in the Patuxent fisheries 
communities have occurred since prior entrainment studies.  Notably there is evidence of 
recovery of some anadromous and semianadromous species, most likely related to some 
combination of MDNR fishery management policies and natural fishery population 
fluctuations.  The analysis also provides useful information on possible fluctuations in 
entrainment as a result of inter-annual flow variability and the contribution of large versus 
small larvae to fractional losses that can inform the benefits of alternative fish protection 
screen sizes.  Dr. Kerr’s scenario based analysis provides a mechanism for exploring 
uncertainties in the current and historic studies and to integrate losses over verifiable flow 
conditions, which is probably the largest source of variability in entrainment loss for white 
perch and other anadromous/ semianadromous fish.  However, a new study specifically 
designed to estimate Chalk Point entrainment would be required to provide a reliable 
estimate of current entrainment losses for anadromous and semianadromous species and the 
fractional entrainment losses in the Patuxent resulting from that entrainment.        
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Figure 9 – Map of Patuxent River showing ichthyoplankton stations sampled by 
CBL in 2005.  Adapted from Kerr (2008) with station location based on latitude and 
longitude GPS data. 
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Table 10 - Ichthyoplankton density and abundance estimates used to fit 
generalized additive models (GAMs), which were in turn used to estimate 
entrainment and river production of larvae for 2005.  Data for station near Chalk 
Point intake is highlighted in yellow 

Larval White Perch Densities – Length Pooled 
Station Density ( N / 100 m3 ) 

Num. Code 
River  
Km 

River Vol.
m3 x 106 4/7/05 4/21/05 5/3/05 5/19/05 5/31/05 

13 WF 77.6 2.9 3,017 196 182 18 352
12 PX 76.4 1.7 14,242 86 130 44 100
11 JB 73.5 1.9 10,525 71 367     
10 LC 71.8 0.7 3,747 71 380   1,073

9 FL 68.8 1.6 1,073 125   510   
8 N 67.4 1.6 767 257 708   531
7 SC 65.9 1.4 149 246 694 599   
6 CH 62.6 3.2 259 436 1,016   314
5 WL 60.7 2.5 105 157   410   
4 LM 58.4 2.5 74 419 1,015 450 397
3 HC 52.9 6.0 77 1,578 477 181   
2 TP 48.8 5.9 67 304 423 93   
1 EH 45.1 13.4 54 81 173 3 1

Larval White Perch Abundance - Length Pooled 
Station Abundance (millions) 

Num. Code 
River  
Km 

River Vol.
m3 x 106 4/7/05 4/21/05 5/3/05 5/19/05 5/31/05 

13 WF 77.6 2.9 86.1 5.6 5.2 0.5 10.0
12 PX 76.4 1.7 237.5 1.4 2.2 0.7 1.7
11 JB 73.5 1.9 196.6 1.3 6.9     
10 LC 71.8 0.7 27.6 0.5 2.8   7.9

9 FL 68.8 1.6 17.4 2.0   8.3   
8 N 67.4 1.6 12.2 4.1 11.3   8.5
7 SC 65.9 1.4 2.1 3.5 10.0 8.6   
6 CH 62.6 3.2 8.2 13.7 32.0   9.9
5 WL 60.7 2.5 2.6 3.9   10.1   
4 LM 58.4 2.5 1.8 10.4 25.2 11.2 9.8
3 HC 52.9 6.0 4.6 95.0 28.7 10.9   
2 TP 48.8 5.9 4.0 17.8 24.8 5.4   
1 EH 45.1 13.4 7.3 10.9 23.3 0.4 0.1
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Table 11 - Detailed potential population loss estimates due to entrainment at Chalk 
Point Station for 2005. 

Potential Population Loss Estimates for 2005 

Growth Rate All Larvae Only larvae < 10 mm Entrained 

Species Desc. 
(mm/ 
day) 

Ent. 
Mort 

Ent. 
Sum 

x 1000 

Ent. 
Mort 

x 1000 

Percent 
Potential
Pop Loss 

Ent. 
Sum 

x 1000 

Ent. 
Mort 

x 1000 

Percent 
Potential
Pop Loss 

Low 11 1.13% 3 0.16% Fast 0.8 
High 

16 
12 1.26% 

4 
3 0.18% 

Low 58 2.56% 14 0.25% 
American shad 

Slow 0.45 
High 

82 
64 2.86% 

20 
16 0.28% 

Low 1128 2.79% 621 0.60% Fast 0.6 
High 

1612 
1262 3.10% 

891 
694 0.67% 

Low 1225 5.23% 820 1.01% 
River herring 

Slow 0.4 
High 

1750 
1370 5.83% 

1175 
917 1.13% 

Low 56996 15.55% 35331 4.82% Fast 0.6 
High 

81422 
63761 17.16% 

50706 
39524 5.36% 

Low 52452 23.61% 37264 7.28% 
All herring & 

 Gizzard shad 
Slow 0.4 

High 
74931 

58669 25.94% 
53420 

41681 8.10% 
Striped bass  egg     100% 6159 6159 0.23% 6159 6159 0.23% 

Low 964 12.26% 850 5.36% Fast 0.5 
High 

1927 
1446 17.81% 

1699 
1274 7.94% 

Low 964 19.57% 850 8.79% 
Striped bass 

  larva 
Slow 0.3 

High 
1927 

1446 27.83% 
1699 

1274 12.92% 
Low 12854 1.14% 12045 0.70% Fast 0.4 
High 

25709 
19281 1.70% 

24089 
18067 1.05% 

Low 12854 2.27% 12045 1.40% 
White Perch 

Slow 0.2 
High 

25709 
19281 3.38% 

24089 
18067 2.10% 

Low 758 4.87% 668 2.29% Fast 0.5 
High 

1516 
1137 7.22% 

1336 
1002 3.42% 

Low 758 7.99% 668 3.79% 
Yellow perch 

Slow 0.3 
High 

1516 
1137 11.78% 

1336 
1002 5.64% 
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Table 12 - Median potential population loss estimates due to entrainment for all 
studies. 

Potential Population Loss Estimates for 1977 
All Larvae Only larvae < 10 mm Entrained 

Species 
Ent. Sum 
(x 1000) 

Ent. Mort. 
(x 1000) 

Potential 
Pop Loss 

Ent. Sum 
(x 1000) 

Ent. Mort. 
(x 1000) 

Potential 
Pop Loss 

All herring & Gizzard shad 448.9 411.2 0.44% 302.1 277.7 0.05% 
Striped bass  egg 57.5 57.5 0.01% 57.5 57.5 0.01% 
Striped bass  larva 854.1 533.8 5.10% 752.1 470.1 1.94% 
White Perch 9,247.6 5,779.8 4.53% 8,625.8 5,391.1 2.26% 
Yellow perch 63.4 39.6 4.30% 55.8 34.9 1.59% 

Potential Population Loss Estimates for 1978 
CBL river data used for Entrainment and River Production Estimates 

All herring & Gizzard shad 2,883.9 2,400.5 2.35% 1,922.7 1,611.5 0.49% 
Striped bass  egg 182.2 182.2 0.01% 182.2 182.2 0.01% 
Striped bass  larva 2,513.2 1,570.8 32.20% 2,201.5 1,375.9 19.02% 
White perch 8,980.8 5,613.0 1.04% 8,335.7 5,209.8 0.64% 
Yellow perch 21.8 13.6 0.33% 19.0 11.9 0.15% 

ANSP 1979 intake data used for Entrainment Estimates and  
CBL river data used for River Production Estimates 

All herring & Gizzard shad 3,027.4 2,437.6 2.49% 2,032.5 1,650.1 0.51% 
Striped bass  egg 0.0 0.0 0.00% 0.0 0.0 0.00% 
Striped bass  larva 29.1 18.2 0.35% 27.1 16.9 0.24% 
White perch 11,314.3 7,071.4 0.93% 10,936.8 6,835.5 0.70% 
Yellow perch 58.4 36.5 0.63% 54.4 34.0 0.38% 

Potential Population Loss Estimates for 1979  
CBL river data used for Entrainment and River Production Estimates 

All herring & Gizzard shad 4,793.3 4,389.6 14.20% 3,209.8 2,949.1 3.36% 
Striped bass  egg 320.8 320.8 0.12% 320.8 320.8 0.12% 
Striped bass  larva 44.3 27.7 7.10% 38.6 24.1 3.79% 
White perch 33,560.0 20,975.0 6.35% 31,138.6 19,461.6 4.13% 
Yellow perch 2,762.8 1,726.7 9.01% 2,409.7 1,506.1 4.55% 

ANSP intake data used for Entrainment Estimates and  
CBL river data used for River Production Estimates 

All herring & Gizzard shad 27.6 22.2 0.08% 18.4 15.0 0.02% 
Striped bass  egg 0.0 0.0 0.00% 0.0 0.0 0.00% 
Striped bass  larva 17.6 11.0 2.20% 16.4 10.2 1.49% 
White perch 5,111.1 3,194.4 0.75% 4,935.4 3,084.6 0.58% 
Yellow perch 1,445.4 903.4 3.56% 1,344.6 840.4 2.29% 

Potential Population Loss Estimates for 2005 
American shad 43.6 37.7 2.00% 4.9 4.3 0.22% 
River herring 1,567.2 1,249.2 4.31% 427.2 347.6 0.87% 
All herring & Gizzard shad 73,305.0 57,832.3 20.74% 21,527.3 17,277.9 6.46% 
Striped bass  egg 6,159.2 6,159.2 0.23% 6,159.2 6,159.2 0.23% 
Striped bass  larva 1,927.3 1,204.6 20.05% 1,691.6 1,057.2 9.14% 
White perch 25,708.6 16,067.9 2.26% 24,052.4 15,032.8 1.40% 
Yellow perch 1,516.0 947.5 8.32% 1,299.1 811.9 3.97% 
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Table 13 – Assumptions for four white perch scenarios highlighted in this summary of Dr. 
Kerr’s analysis.  See Appendix 3 in Attachment A for a full set of scenarios. 

 
 

Entrainment Population Loss 
Scenarios Resident Migrant 

Id description 
Flow 

Condition 
Early
Larva 

Late 
Larva

Juv 
Early 
Larva 

Late 
Larva 

Juv 
drought 0% 0% 0% 0% 
dry 0% 0% 0% 0% 
normal 0% 0% 0% 0% 

1 No Entrainment  
 

wet 0% 0% 0% 0% 

drought 0.09% 2% 0.09% 0% 
dry 2% 2% 2% 2% 
normal 2% 2% 2% 2% 

10 Entrainment  
All Larvae 

wet 11% 2% 11% 8% 

Drought 0.09% 0% 0% 0% 
Dry 2% 0% 0% 0% 
Normal 2% 0% 0% 0% 

12 No Entrainment of Large Larvae 

Wet 11% 0% 0% 0% 

Drought 0.5% 0.25% 0.5% 0% 
Dry 0.5% 0.5% 0.5% 0.5% 
Normal 0.5% 0.5% 0.5% 0.5% 

13 
Small Larvae Near Chalk Point 
Naturally Lost  Due to Advection 
From Nursery 

Wet 0.5% 2% 0.5% 2% 

 

 

Table 14 – Results for four white perch scenarios highlighted in this summary of Dr. Kerr’s 
analysis.  See Appendix 3 in Attachment A for a full set of scenarios. 

 
 

Scenario Mean SSB (mt) 

Id Description Res. Mig. Sum 

Total 
% 
Loss 

1 No Entrainment Pop. Loss 40 420 460 0% 
10 Entrainment All Larvae 37 379 416 10% 
12 Large Larvae not entrained 39 395 434 6% 

13 
Small Larvae  Losses 
 Primarily Due to Advection 
 From Nursery) 

38 415 453 2% 
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3.1.2.2 Entrainment of Forage Fish 
 
Historically the forage fish including bay anchovy, naked goby and Atlantic silversides have 
been the major focus of concern for Chalk Point entrainment.  No new studies were proposed for 
these species as Chalk Point had already offset losses of these species through aquaculture and 
habitat restoration projects to satisfy Maryland regulations and reduced flow sufficiently to meet 
the entrainment reduction standards required by the Federal Rule.   
 
As discussed in more detail in Attachment A, there have been shifts in predatory prey 
relationships in the Chesapeake and it is hypothesized that these are associated with recovery of 
striped bass.  In the absence of new data, the update consists of estimation of production forgone 
losses for bay anchovy, a useful parameter when considering the nutritional needs of predatory 
fish, which was not previously estimated.  The bay anchovy estimates of production forgone are 
computed from the 1987 Chalk Point discharge canal data. The entrainment loss estimates were 
computed for egg, small larvae <10 mm and for large larvae and juveniles >= 10 mm TL.  
Production forgone was not computed for the other forage fish but their losses are compared to 
those of bay anchovy in terms of number, equivalent juveniles and biomass entrained.  As for the 
analysis of the 2005 study, a discussion of uncertainties relative to these estimates is also 
provided. 
 
For bay anchovy, it was considered useful to compare estimates of production forgone due to 
entrainment in 1987 to more current estimates of production in the Chesapeake Bay using 
comparable estimation methods.  It is expected that such a comparison would be environmentally 
conservative because heavy predation by striped bass in recent years (Overton et al. 2009) has 
probably reduced the bay anchovy population.  
 
Based on a study in the upper and middle Chesapeake Bay young-of-the-year production was 
estimated as 8.57 grams/cubic meter (Wang and Houde 1995).  The volume of the Patuxent 
River is approximately 652 million cubic meters (Cronin and Pritchard 1975); so production for 
the Patuxent River would be about 5600 metric tons.   
 
Two approaches were used to compute entrainment losses for bay anchovy larvae.  The first used 
a Pareto length based mortality model in which mortality was assumed to be an inverse function 
of length (Loos and Perry 1991) assuming growth rates of 3 or 4 mm per week.  Mortality was 
expressed as numbers lost per millimeter of growth in total length.  The advantage of this 
approach is that the parameters for this model were fit specifically to bay anchovy in the 
Patuxent River in 1987 when the entrainment study was done.  The disadvantage of this 
approach is that the model fitting was restricted to the larvae and small juveniles.  Therefore 
future projected losses were restricted to equivalent juveniles just above 34 mm TL (the 
approximate maximum size of entrainment for bay anchovy at Chalk Point). 
 
The second approach tracks the age of the larvae; computes length from age based on growth 
rate estimates and computes the mortality rate per day as an inverse function of length (Jung 
2002; Jung and Houde 2004a).  Compared to the Loos and Perry approach there are extra steps 
of converting length to age and then back to length again for computation of mortality; however 
one gains date specificity in the process.  A disadvantage of this approach is that the parameters 
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were fit to the main-stem Chesapeake Bay population rather than the part of the population in the 
Patuxent River.  Also the growth and mortality parameters were for five different years.  This 
last “disadvantage” could actually be viewed as an advantage because a broader range of 
plausible growth and mortality scenarios is represented.  Use of this approach allows the 
production forgone estimates to be projected for the full duration of the first year of life when 
more than 95% of the production over the full life of the anchovy occurs (Wang and Houde 
1995).  Use of this approach also allows comparison of production forgone to published 
estimates of production in Chesapeake Bay (Jung and Houde 2004a) computed by essentially the 
same methods and with the same growth and mortality parameters.   
 
The estimates for the Loos & Perry (1991) and Jung & Houde (2004a) computational approaches 
were broadly overlapping and ranged from 9 to 18 metric tons (Table 15).  Even if estimates 
were increased 3 fold to account for possible reduced sampling efficiency in the discharge canal 
loss, would be less that 2% of the extrapolated production in the Patuxent.  This is far below 
what might be expected based on previous estimates of percent population loss by PEPCo (up to 
10%) and PPER (best estimate 20%)  (Teitt 1990). 
 
By way of additional comparison, Jung and Houde (2004a) estimated young-of-the-year 
production for the whole main stem of Chesapeake Bay varied inter-annually by a factor 
of 4, ranging from 167,000 mt in 1996 to 697,000 mt in 2000.  The bay anchovy, Atlantic 
menhaden and spot are the primary forage fish in Chesapeake Bay (Hartman 2003).    
The annual harvest cap for Atlantic menhaden in Chesapeake Bay is 109,020 mt 
(ASMFC 2006).    In this context, it does not appear that losses at Chalk Point are a 
substantial contributor to loss of forage fish for predatory game fish.   
 
A possible explanation for the lower fraction loss estimates for production forgone is that 
there may be substantial movement of large larvae and juvenile anchovies into the river 
and that these larger size fish were not well represented in plankton nets used for the river 
sampling so that river population abundance was underestimated.  Larger sized anchovies 
have increased swimming ability which would decrease entrainment.  While this 
explanation is speculative it is considered plausible given expected movement patterns of 
bay anchovy in the Chesapeake Bay described by Jung and Houde 2004b.  There is 
further support in the finding that most of the estimated production forgone (61 to 72%) 
was associated with larvae over 10 mm TL at entrainment (Table 15). 
 
Nevertheless a part of this comparison (i.e. the extrapolation from production in 
Chesapeake Bay to production in the Patuxent River) is more or the less a “back of the 
envelope” type computation which would need substantiation by further study.  See 
section on Analysis Uncertainties below. 
 
Table 8 provides estimate of entrainment by number and biomass for naked goby, Atlantic 
silverside and Bay anchovy.  There was no new or adequate data to provide production forgone 
estimates for naked goby and Atlantic silversides.  These estimates are unadjusted for sampling 
efficiency.  The revised Cadman sampling efficiency estimates (Cadman 1988 and subsequent 
technical clarifications) would increase the estimates by a factor of 3.3. 
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Analysis Uncertainties 
 

1. The 1987 dataset used in this analysis are now over 20 years old and as discussed 
populations of anchovies may have declined due to increased predation by striped bass 
(Overton et al. 2009) since that study.  The result is the estimates of production foregone 
might be overestimated.  

2. There is uncertainty relative to gear efficiency and discharge versus intake entrainment 
estimates.  A study of gear efficiency was attempted at Chalk Point using dyed bluegill.  
Unfortunately due to hot weather and other conditions a high percentage of the bluegill 
were buoyant and floated to the surface and estimates of gear efficiency based on this 
study are not considered reliable.  It is unlikely that collection efficiency was 100% and 
in the absence of a basis for estimating efficiency this remains an area of uncertainty that 
could underestimate entrainment using entrainment samples collected in the discharge 
canal.  Studies at Chalk Point included entrainment sampling both at the intake and the 
discharge and results determined that larval densities at the intake were 3X greater than at 
the discharge sampling point.  Such results are not unusual and there are longstanding 
debates as to which location is more reliable for estimating entrainment.  Arguments in 
favor of discharge sampling are: (1) Larvae in the discharge are well mixed while at the 
intake densities may be unevenly distributed.  (2) Larvae passing through the cooling 
system are disoriented and less capable of collection device avoidance (a particular 
concern for larger larvae).  (3) Some of the larvae in the intake may be able to avoid 
entrainment.  The major argument for use of intake sampling is that some of the larvae 
entrained may be lost due to mechanical damage in the cooling water pumps or due to 
predation by invertebrates that colonize the cooling water intake structure (a particular 
concern for offshore intakes with long intake tunnels).  This debate remains unresolved 
and the reality is that actual entrainment probably lies somewhere between estimates 
based on these two sampling locations.  Since this analysis is based on discharge samples 
the actual estimate could be higher by a factor of 3X.  

3. No adjustment was made for entrainment survival and entrainment of naturally dead eggs 
and larvae.  For this analysis entrainment survival was assumed to be 0%.  Since most 
bay anchovy entrainment is during summer when discharge canal temperatures can reach 
in excess of 30°C, this assumption is not unreasonable.  However, for early spawners and 
in cooler years some survival is possible and could be verified based on site-specific 
entrainment survival studies.  For gobies spawning occurs earlier and there could be 
significant entrainment survival for this species. 

4. The analysis is based on an estimate for a single year (i.e. 1987).  The issue here is 
similar to the first year, but the point is annual production foregone will vary as a result 
of population fluctuations, some of which are a function of wet versus dry years.  The 
result ideally would be expressed as a range or with bounds on the estimate to reflect the 
level of uncertainty.   

5. For the comparison of bay anchovy production forgone with production in the Patuxent 
River there is uncertainty in the extrapolation from production in Chesapeake Bay to 
production in the Patuxent River.  One would think that production per unit volume in the 
river would be higher than in the bay because of proportionally greater extent shallower 
and presumably more productive areas in the river which would make the production 
forgone seem even smaller by comparison.  
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6. There is uncertainty about the age and extent of movement of large larvae and juvenile 
bay anchovy into the Patuxent River from Chesapeake Bay.  Collection of juvenile 
anchovies requires very large sampling gear.  For example, Jung and Houde (1984a) used 
a midwater trawl with a mouth opening of 18 square meters.  Most of the routine samples 
for the 1987 study were collected with a Tucker trawl with an effective mouth opening of 
0.25 square meters.  There was an adjustment for sampling efficiency based on a 
comparison to samples collected with a Tucker trawl with an effective mouth opening of 
1.0 square meters, which is still quite a bit smaller than the trawl used by Jung and 
Houde.  Thus there could be considerable underestimation of the river population of a 
size group which contributes most to production (Wang and Houde 1995). 

7. Even if there were substantial underestimation of the bay anchovy river population in the 
historic studies, the large difference between the historic estimates by PEPCo and PPER 
of percent population loss in the Patuxent River in 1987 (10 to 20%) and the new 
estimates of percent loss in production (less than 2%) is surprising.   

 
 
 
 

Table 15 - Summary of entrainment loss estimates for bay anchovy as young-of 
the-year production forgone by size bay anchovies entrained.  See Table 8 for 
estimates of numbers and biomass entrained. 

 

Estimates based on Jung and Houde (2004a)  
Production Forgone (kg) 

Size Entrained 

Parameter 
Year Eggs 

Small 
<10 mm 

TL 

Large 
>=10 mm 

TL All  
1995 na 4,563 8,236 12,799
1996 na 6,940 11,043 17,983
1997 na 5,023 8,368 13,391
1998 na 3,769 8,304 12,073
1999 na 2,816 5,809 8,625

Estimates based on Loos and Perry (1991) 
and Rago (1984) 

Production Forgone (kg) Parameter 
Year = 1987 Size Entrained 

Growth 
Rate 

mm/week Eggs 

Small 
<10 mm 

TL 

Large 
>=10 mm 

TL All  
3 156 3,530 7,007 10,693
4 68 3,759 8,294 11,407

 
na - not available (estimates not computed for eggs using the Jung and Houde (2004a) approach) 
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3.2 Impingement 

 Significant modifications of Chalk Point’s design and operation have been made to reduce 
mortality of impingeable sized organisms (i.e. organisms retained on 3/8 in mesh traveling 
screens.  There were two major sources of mortality that resulted from the original intake design 
for Units 1 and 2.  These were impingement of fish and crabs on the Units 1 and 2 traveling 
water screens and the second was the result of entrainment and passage through the impellers of 
the three tempering pumps that transferred ambient intake water to the discharge canal for the 
purpose of cooling the thermally heated water that passed through the Unit 1 and 2 condenser 
waterboxes.  Studies were conducted to quantify losses of impingeable sized fish and shellfish 
for both the condenser cooling water and auxiliary tempering pump intakes before and after 
intake modifications to protect fish and shellfish.  The condenser cooling water intake 
modification was installation of a barrier net that excludes impingeable sized fish from the intake 
and the design modification for the auxiliary tempering pumps was to discontinue their use.  
Studies associated with both actions to reduce mortality to impingeable sized fish and shellfish 
are discussed.      

3.2.1 Impingement Studies to Quantify Pre and Post  Cooling Water Intake 
Structure Modifications 
 
A number of impingement studies have been conducted for the condenser cooling water intake 
structure although sampling frequency and methods have varied.  A list and with sampling 
variations is as follows: 

- 1976-1977 study - 30-minute samples were collected at roughly 33-hour intervals – 
approximately 6 collections per week; 

- 1982-1983 study - two 30-samples per week, one collected during the day and one at 
night; 

- 1984-1995 study - a complete census as well as two 30-minute samples per week as in 
1982-1983; 

- 1989-1999 study - 24 hour samples at Unit 1.  (Note some data were collected at Unit 2; 
but only Unit 1 was consistently sampled.) 

 
The best studies for comparing impingement levels prior to and after the barrier net deployment 
are provided in Table 16.  Results of the 1976-1977 study provide impingement estimates prior to 
barrier net deployment.  Annual Impingement estimates for 1982 and 1983 were made when the 
barrier net design was operation was under testing and review, while results from the 1984 - 
1995 period were based on the final design and net operation procedures.  There was an 
approximate 78% reduction in fish impingement and 18% reduction in crab impingement 
between the studies conducted before and after deployment of the full double barrier net system 
(1976-1978 vs. 1984-1985).  However, simple before and after comparisons can be misleading 
due to interannual population fluctuations of dominant entrained species.  If populations were at 
the high end of their range in the pre-barrier net deployment and at the low end of their ranges in 
post barrier net deployment study, the impingement reduction may have more to do with fewer 
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organisms to impinge than barrier net effectiveness.  Fortunately, long-term MDNR fish seine 
and PEPCo trawling studies conducted over this period provide a means of normalizing the data 
to account for the interannual variability for some of the dominant entrained species.  The results 
of this analysis are discussed in detail in Bailey 2005 and results for the key dominant species for 
which adequate data from long-term monitoring studies were available are provided in Table 17.  
For each of the four dominant fish species and blue crab the adjusted annual impingement 
reduction was 82%.or more. 
 

Table 16 - Estimates of numbers of fish and crabs impinged at Chalk Point in three 
studies conducted from 1976 to 1984 before and after barrier net deployment.  

 
 Barrier net deployment 
 Before Partial After 
 1976-78 1982-83 1984-85 
 30-min 30-min 30-min Census* 
Species Samples Samples Samples  
American eel 5,790 7,154 2,556 1,257 
striped anchovy 2,424 0 0 0 
Bay anchovy 32,206 27,358 12,192 10,327 
blueback herring 398 4,250 492 2,171 
Alewife 398 2,362 0 24 
Atlantic menhaden 1,347,490 233,656 191,753 144,558 
gizzard shad 31,026 9,754 2,427 768 
eastern silvery minnow 552 1,172 460 12 
inland silverside 3,130 2,268 2,575 1,291 
Atlantic silverside 29,908 109,768 78,472 14,195 
white perch 41,910 344,676 15,210 10,459 
striped bass 192 7,218 0 30 
Pumpkinseed 144 6,152 181 218 
Bluegill 36 1,172 0 13 
yellow perch 0 1,256 815 19 
Weakfish 9,730 10,548 28,707 17,336 
Spot 647,016 33,796 19,531 9,170 
Atlantic croaker 14,490 21,792 798 19 
Skilletfish 0 8,218 17,326 12,129 
summer flounder 1,986 5,266 0 12 
winter flounder 1,976 774 8,914 8,794 
Hogchoker 191,926 94,764 115,205 19,019 
all fish 2,362,728 933,374 497,614 251,821 
blue crab 1,948,132 380,760 1,599,762 164,738 
Total 4,310,860 1,314,134 2,097,376 416,559 

 
* The census estimates are actually of a combination of 30-sample estimates and census 
estimates as described by Bailey (2005) (Attachment 1).  
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Table 17 - Unadjusted and adjusted estimates of percent reduction in 
impingement following barrier net deployment. 

 

 Species 
 Impingement Reduction 

Based 
on Raw Data 

 Impingement Reduction 
Adjusted for 

Inter-Year Relative 
Abundance 

 Blue crab 18% 82%  

 Atlantic menhaden 86% 85% 

 Spot 97% 98%  a 

 Hogchoker 40% 83% 

 White perch 64% 95%  a 

a R square less for impingement vs. abundance regression less than 0.5 (0.45 for spot and 0.42 for white 
perch). 

3.2.2 Auxiliary Temporary Pump  Impingement Study  

PPRP conducted a study to quantify losses of impingeable sized fish and shellfish in the early 
1980s and results are provided in a PPRP Report (Hirschfield 1982).  Based on the results PPRP 
concluded that use of the tempering pumps resulted in a net environmental dis-benefit.  The 
benefit of providing water to cool down the thermal discharge was less than the losses of 
impingeable sized organisms passing through the pumps.  As a result, MDE directed that use of 
the auxiliary pumps be terminated and operation of those pumps ceased after 1983.  The result is 
that this source of mortality to impingeable sized organisms was eliminated.  While the estimated 
benefit of this action is not quantified in this document, since use of the barrier net alone is 
sufficient to meet the Rule’s impingement reduction performance standard range and comply 
with Maryland’s regulations.  However, based on the levels of fish and shell auxiliary tempering 
pump mortality that reduction is considered sufficient to address any uncertainty associated with 
barrier net performance estimates. 

3.3 Discussion of Impingement and Entrainment to Inform BPJ Compliance 
Decision Making 

The objective of this section is to evaluate the current estimates of entrainment and impingement 
losses to inform BPJ decision making for §316(b) compliance.  In conformance with both the 
Maryland §316(b) regulations and the Rule, compliance is considered separately for 



 

3-28 

impingement and entrainment.  The purpose of the review is to determine if there are any 
changes to affected impinged and entrained species of sufficient magnitude to warrant a change 
in MDE’s prior compliance determination before revised federal §316(b) regulation are issued  

The compliance discussion begins with a review of potential impacts to protected species in 
Subsection 3.3.1; is followed with a discussion of compliance with Maryland and the Rule’s 
impingement reduction requirements in Section 3.3.2 and concludes with discussion of 
compliance with Maryland’s and the withdrawn Rule’s entrainment reduction requirements in 
Section 3.3.3.   

3.3.1 Protected Species 

An important consideration for the BPJ decision is whether or not protected species are being 
impinged and entrained.  As should in Table 18 no threatened or endangered species were 
impinged or entrained.  However, there is a potential risk that hickory and American shad are 
subject to entrainment, especially due to a resurgence of these species in the Patuxent and the 
fact that Mirant aquaculture program has focused on stocking of these species at the request of 
MDNR for the past decade.  The shortnose sturgeon is the only federally listed (also state listed) 
endangered species which potentially could occur in the mesohaline portion of the Patuxent 
River.  Recently two individuals were found in pound nets in the lower part of the Potomac River 
in Saint Mary’s County Maryland during a special rewards program conducted by the US Fish 
and Wildlife Service from 1996 to 1999 (Welsh et al. 2003).  Given the proximity of the 
Potomac and Patuxent Rivers there is a potential for shortnose sturgeon to also enter the Patuxent 
River.  However genetic analysis of the fish caught in the Potomac River (Grunwald 2002) 
suggested that these were strays from the Delaware River that apparently entered Chesapeake 
Bay by way of the Chesapeake-Delaware Canal.  Mirant has been supporting restoration of this 
species at the request of MDNR by including this species in the Chalk Point aquaculture 
program.  Over the past decade a number of sturgeon have been raised to reproducing adults.  
 
Also presented in Table 18 is a list of species of Greatest Conservation Need (GCN) that have 
been recorded from the coastal plain portion of the Patuxent River indicate which species are 
entrained or impinged and evaluate population risks for those species.  The GCN species are 
listed by the Maryland Natural Heritage Program (MDDNR/NHP 2003 and 2005).  There are 6 
GCN species on the 2003 publication list which have occurred (or probably have occurred) in the 
coastal plain portion of the Patuxent River.  The 2005 document, which is still in draft form, 
expands the list somewhat by adding several Maryland Biological Stream Survey (MBSS) 
Program “indicator” species.  (The additional indicator species are not very relevant for 
mesohaline estuarine application because they are indicators for freshwater wadeable streams.)  
These GCN species plus others recently designated as species of concern by the National 
Oceanographic and Atmospheric Administration (NOAA 2006) are listed in Table 18.  There 
were 23 species of concern from a conservation standpoint in the Coastal Plain portion of the 
Patuxent River; 4 to 6 of these were found during entrainment and impingement monitoring at 
Chalk Point Station.   
 
For the herring species are species of concern, i.e. blueback herring, alewife, American shad and 
hickory shad potential entrainment issues were discussed in a prior section of this document 
(Section 3.1).  It should be noted that the blueback herring, American shad and hickory shad are 
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or have been species reared in the Chalk Point Aquaculture Center.  The white catfish has been 
impinged and is on the GCN list but its status is recorded as SU – i.e. “Possibly rare in Maryland, 
but of uncertain status for reasons including lack of historical records, low search effort, cryptic 
nature of the species, or concerns that the species may not be native to the State. Uncertainty 
spans a range of 4 or 5 ranks as defined above.”  This species appears to be more tolerant of 
salinity and is found closer to the mesohaline intake.  However, it is a freshwater fish such that 
incidental impingement is unlikely to have population level effects for this species in Maryland.  
The bluespotted sunfish (another GCN species) was impinged occasionally in 1984 but none 
have been collected in impingement samples since then.  It is also a freshwater species which is 
apparently found primarily in the upper portions of Swanson Creek.  Thus there should be a low 
risk of population impact. 
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Table 18 - Maryland NHP Greatest Conservation Need Species and NOAA Species 
of Concern believed to occur in the Patuxent River.  For each species, the state 
and federal threatened and endangered designations, state and global abundance 
rankings, indication of whether the species has been found in impingement and 
entrainment monitoring are provided. 

Species 
MD NHP 
Greatest Threatened or 

Species 
of 

Species 
Security Historic Impinged/ 

 Conservation  Endangered b Concern c Rank Occurrence Entrained 
 Need List a State Federal  State Global   

least brook lamprey GCN-draft    S4 G5 Current  

Lampetra aepyptera         
American brook 
lamprey GCN T   S1S2 G4 Current  
Lampetra appendix         
shortnose sturgeon GCN E E  S1 G3 Probable  
Acipenser brevirostrum         
Atlantic sturgeon GCN  C NOAA S1 G3 Probable  
Acipenser oxyrinchus         
longnose gar GCN    S2? G5 Historic  
Lepisosteus osseus         
bowfin GCN    S1? G5 Possible  
Amia calva         
blueback herring Not listed   NOAA S5 G5 Current I, E? d 
Alosa aestivalis         
hickory shad GCN I   S3 G5 Current E? d 
Alosa mediocris         
Alewife Not listed   NOAA S5 G5 Current I, E? d 
Alosa pseudoharengus         
American Shad GCN I   S3 G5 Current E? d 
Alosa sapidissima         
rosyside dace GCN-draft    S5 G5 Current  
Clinostomus 
funduloides         
Comely shiner GCN T   S2 G5 Current  
Notropis amoenus         
bridle shiner GCN E   SH G5 Historic  
Notropis bifrenatus         
white catfish GCN    SU G5 Current I,E d 
Ameiurus catus         
spotfin killifish GCN    S2? G4 Current  
Fundulus luciae         
flier GCN T   S1S2 G5 Historic  
Centrarchus 
macropterus         



 
 

3-31 

 
bluespotted sunfish GCN    S3S4 G5 Current I 
Enneacanthus gloriosus         
banded sunfish GCN    S2 G5 Current  
Enneacanthus obesus         
warmouth GCN    S3? G5   
Lepomis gulosus         
glassy darter GCN T   S1S2 G4G5   
Etheostoma vitreum         

 
 
a
  GNC=Species listed by MDDNR/NHP 2003; GNC-draft = species listed in the draft Diversity Conservation Plan 

(MDDNR/NHP 2005). 
b

  T=Threatened E=Endangered C=Candidate I=Imperiled 
c
  NOAA Species of Concern - The list was last updated on October 18, 2006, as published in the Federal Register 

(NOAA 2006). 
d

  Entrainment samples included Alosa species which were not identified to species therefore blueback herring, 
alewife, hickory shad and/or American shad could be entrained.  Species collected in the Patuxent River near 
the plant are assumed to be entrained. 

 
State Ranks - subset of those included here (reprinted from NHP 2003): 
S1 - Highly State rare. Critically imperiled in Maryland because of extreme rarity (typically 5 or fewer estimated 

occurrences or very few remaining individuals or acres in the State) or because of some factor(s) making it 
especially vulnerable to extirpation. Species with this rank are actively tracked by the Wildlife and Heritage 
Service. 

S2 - State rare. Imperiled in Maryland because of rarity (typically 6 to 20 estimated occurrences or few remaining 
individuals or acres in the State) or because of some factor(s) making it vulnerable to becoming extirpated. 
Species with this rank are actively tracked by the Wildlife and Heritage Service. 

S3 - Watch List. Rare to uncommon with the number of occurrences typically in the range of 21 to 100 in Maryland. 
It may have fewer occurrences but with a large number of individuals in some populations, and it may be 
susceptible to large-scale disturbances. Species with this rank are not actively tracked by the Wildlife and 
Heritage Service. 

S4 - Apparently secure in Maryland with typically more than 100 occurrences in the State or may have fewer 
occurrences if they contain large numbers of individuals. It is apparently secure under present conditions, 
although it may be restricted to only a portion of the State. 

S5 - Demonstrably secure in Maryland under present conditions. 
SU - Possibly rare in Maryland, but of uncertain status for reasons including lack of historical records, low search 

effort, cryptic nature of the species, or concerns that the species may not be native to the State. Uncertainty 
spans a range of 4 or 5 ranks as defined above.  

 
Global Ranks - subset of those included here (reprinted from NHP 2003): 
G4 - Apparently secure globally, although it may be quite rare in parts of its range, especially at the periphery. 
G5 - Demonstrably secure globally, although it may be quite rare in parts of its range, especially at the periphery. 
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3.3.2 Impingement Reduction Compliance with Maryland and Withdrawn Rule 
Requirement 
 
3.3.2.1 Impingement Reduction Compliance with Maryland Regulations 

Maryland is a state that did adopt implementing regulations for compliance with §316(b) of the 
Clean Water Act and these regulations are found in COMAR 26.08.03.05.  The 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).  Prior to barrier net deployment the five year impingement reduction 
liability was estimated to be $1,245,000 (PEPCo 1983).  Studies conducted after the barrier net 
deployment determined that the five year liability had been reduced to $142,000 over a five year 
period (Loos 1987).  Based on currently available information there are no modifications that can 
be made to reduce impingement further for a cost that would not exceed the five year value. 

 
3.3.2.2 Impingement Mortality Reduction Compliance with the Withdrawn Rule 

Based on the information provided in Section 3.2 of this document, the Chalk Point barrier net 
would have complied with the Rule’s requirement to reduce impingement mortality by 80% to 
95%.  The analysis provided in Bailey 2005 reflected in Table 17 indicate reductions of 82% or 
more for species with adequate data to adjust for interannual population fluctuations.  While 
there are uncertainties in the analysis, the reduction in mortality to impingeable sized organisms 
as a result of discontinued use of the tempering pumps, as well as use of closed-cycle cooling for 
Units 3 and 4 are considered more than adequate to address that uncertainty.  Both flow 
reductions could have been used under the calculation baseline provision of the Rule.  

3.3.3 Entrainment Reduction Compliance with Maryland and Withdrawn Rule 
Requirements 

 
3.3.3.1 Compliance with Maryland Entrainment Reduction Regulations 

Under Maryland’s regulations Chalk Point was deemed to be impacting a spawning and nursery 
area of consequence for forage species including bay anchovy, naked goby and Atlantic 
silverside.  Mirant was required to mitigate those losses through restoration activities.   

Elements of the requirements to offset entrainment losses included: 
1. Operation of the Chalk Point Aquaculture Center for a Period of 7 Years.  Specifically 
entrainment loss compensation for Chalk Point required an expenditure of $200,000 per year on 
striped bass aquaculture and $50,000 per year on yellow perch or other species agreed upon by 
MDNR.  
2. Funding Removal of Obstructions to Migratory Fish and Education Projects.  This required a 
contribution of $100,000 per year over a 7 year period for removal of obstructions to migratory 
fish in tributaries.   
 
Both these requirements were intended to address entrainment over the life of the facility and 
were fully satisfied.  Mirant, however, elected to continue to support MDNR fishery restoration 
programs by continuing the aquaculture program on a voluntary basis.  A memorandum of 
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understanding was signed by Mirant and Maryland to allow credit for the aquaculture program 
production toward compliance under the restoration provision of the withdrawn Rule.   
 
In terms of the updated potential fractional loss estimates provided in Section 3.1, a summary of 
aquaculture production relative to those losses is as follows: 
 
Herring Species:       
 
The estimates of numbers of equivalent juvenile American shad losses are low in comparison to 
numbers that are reared at the Chalk Point Aquaculture center.  The population loss estimates for 
2005 ranged from 1.1 to 2.9%; equivalent juvenile estimates ranged from about 2 to 6 thousand 
individuals.  By comparison about 100,000 to 450,000 juveniles of each species for American 
shad and hickory shad were reared at Chalk Point each year from 2004 to 2005. 
 
River herring losses were much higher in terms of equivalent juvenile numbers but similar in 
terms of percent population loss.  The best estimate for numbers of equivalent juvenile loss is 
about 72,000, which is still considerably less than numbers of stocked shad. 
 
Striped Bass: 
 
Striped bass production was the original focus of the Chalk Point aquaculture program and which 
at the time were listed as a threatened species in Maryland.  Over the course of striped bass 
production over 3,000,000 juvenile striped bass were released in the Patuxent and other 
Maryland tidal estuaries as directed by MDNR.  This stocking may have helped striped bass 
recovery in the Patuxent and provided useful information on the river estuary stock levels based 
on known stocking rates of marked aquaculture fish to compare with unmarked fish collected in 
MDNR surveys. 
 
Other Species: 
 
Other species produced at the Chalk Point Aquaculture Center include yellow perch and Atlantic 
Sturgeon.  Production of yellow perch was primarily for stocking in Allens Fresh near Mirant’s 
Faulkner Flyash Storage Site.  The focus on Atlantic Sturgeon has been done at the request of 
MDNR and includes holding and grow out of juveniles acquired over a decade ago.  As of 2008, 
Chalk Point had 30 Atlantic sturgeon of the 1998 sturgeon year class and about 175 from 2005, 
2006, and 2007  
 
Removal of Tributary Obstructions to Migratory Fish 
 
As part of the 1991 NPDES permit modification of Chalk Point Station, PEPCo was required to 
provide funds for education and restoration relating to the Patuxent River in annual $100,000 
increments.  Approximately $575,000 was spent on the stream restoration work; most of which 
was used to remove barriers to anadromous fish migration.  The work is described in a 
memorandum from Larry Leasner (Maryland Fish Passage Program) to Rich Mclean (Power 
Plant Research Program) dated March 10, 1999.  Figure 10 shows the location of projects.   
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Figure 10 - Location of restoration projects designed to remove barriers to fish 
migration which were funded in part by PEPCo, the previous owner of Chalk Point. 
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As a result of the Second Circuit Decision use of restoration measures will not be available for 
compliance under the revised federal §316(b) regulations.  It is anticipated that compliance with 
the revised federal rule will be limited to use of fish protection technologies and operational 
measures and potentially use of a cost-benefit analysis based on the Supreme Court ruling.  
However, under BPJ the Chalk Point restoration measures can serve as a consideration for the 
interim BPJ, BTA determination, prior to implementation of revised federal regulations currently 
expected in 2012. 

3.3.3.2 Entrainment Reduction Compliance with the Withdrawn Rule 

The withdrawn Federal Rule as discussed in Section 1 of this document included use of a 
calculation baseline to provide facilities with design and operational fish protection measures to 
take credit for those measures in meeting the 60% to 90% entrainment reduction performance 
standard.  As discussed in Section 2.2, Chalk Point does have design and operational features 
that provide an entrainment reduction benefit.  These include use of closed-cycle cooling for 
Units 3 and discontinued use of the auxiliary cooling water pumps, each of which was discussed 
in the PIC and is provided here for easy reference. 
 
Use of Closed-Cycle Cooling for Units 3&4  
 
The withdrawn Rule stated: 
 
 “Facilities that recirculated a portion of their flow, but do not reduce flow sufficiently to satisfy 
the compliance option in §125.94(a)(1)(i)  (i.e., Compliance Alternative 1) may take into account 
the reduction in impingement mortality and entrainment associated with the reduction in flow 
when determining the net reduction associated with existing design and construction 
technologies and/or operational measures.”2   
 
As noted in Section 2, Chalk Point.  Units 1&2 are OTC units while Units 3&4 are closed-cycle 
cooling units.  Thus Chalk Point re-circulates some cooling water but not sufficient cooling 
water for use of Compliance Alternative 1.  A reasonable assumption to estimate that amount of 
cooling water flow that would have been required, had Units 3&4 been designed as OTC units, is 
to assume there is a proportional correlation between condenser cooling water flow and MW.  
Using this approach, the estimated cooling water flow volume for Units 3 & 4 is calculated as 
follows: 
 

*)4&3(298,1
)4&3(

)2&1(720
)4&3(1280
)2&1(710

flowUnitsmgdX
flowUnitsX

flowUnitsmgd
UnitsMW
UnitsMW

=

=
 

 
*Based on the estimated additional flow of 1,298 mgd that would have been required if Units 
3&4 were once-through cooling Units, then the estimated reduction in cooling water flow is 
calculated as follows: 
                                                           
2 Federal Register Vol. 69, No. 131, 7/9/04, pg 41688. 
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Use of the Rule’s calculation baseline requires making an estimate of the calculation baseline 
assuming that the facility used once-through cooling water.  EPA in the preamble of the Rule 
states: 
 
“EPA believes the record contains ample evidence to support the proposition that entrainment is 
related to flow”3  and “absent entrainment control technologies, entrainment at a particular site 
is generally proportional to intake flow at that site.”4 
 
Based on EPA’s statements on using an assumption of proportionality for entrainment in the 
Rule’s preamble, the flow reduction of 1,298 mgd or 64.3% results in a 64.3% reduction in 
entrainment.   
 
Use of Flow Reduction Resulting from Units 1&2 Auxiliary Tempering Pump Retirement 
 
Chalk Point was required to install auxiliary cooling water tempering pumps for Units 1&2 to 
provide supplemental cooling to help protect aquatic organisms from effects of the thermal 
discharge of Units 1&2.  Subsequently in the 1980’s the Maryland Power Plant Research 
Program (PPRP) began an investigation of the impacts associated with the tempering pump 
CWIS.  The findings and recommendations resulting from those studies were reported in the 
PPRP Impact Assessment Report: Chalk Point Steam Electric Station Aquatic Monitoring 
Program, Martin Marietta Environmental Systems, CP-85-1, January 1985 (MMES 1985).  The 
calculation baseline specifically allows estimating the benefits of fish protection design and 
operational measures implemented in whole or in part for the purpose of fish protection.  Since 
the installed pumps were retired in whole as a result of the PPRP fish protection determination 
the Rule would have allowed the benefit of the retirement to be incorporated into the calculation 
baseline estimate.  The entrainment reduction benefit estimation will be based on historical 
studies that include the thermal plume entrainment survival studies conducted by PEPCo as well 
as information provided by PPRP in its Chalk Point assessment. 
 
In summary Mirant has reduced flow sufficiently to meet the entrainment performance standards 
at Chalk Point under the rule’s calculation baseline through a combination of use of closed-cycle 
cooling and retirement of Units 1&2 auxiliary cooling water tempering pumps. 
 
 
3.3.3.3 Summary of Entrainment Reduction Compliance for BPJ Decision Making 

Chalk Point was previously determined to impact a spawning and nursery area of consequence 
for several forage species.  The losses were addressed through use of restoration measures that 
were fully implemented.  Based on analysis of some Patuxent 1985 source waterbody 
                                                           
3 Federal Register Vol. 69, No. 131. 7/9/04, pg 41612, Col. 2, 2nd paragraph 
4 Federal Register Vol. 69, No. 131. 7/9/04, pg 41599, Col. 2, 3rd paragraph  



 
 

3-37 

ichthyoplankton data there have been changes in a number of fish stocks for a number of 
entrained species suggesting potential effects for additional species.  However, PEPCo followed 
by Mirant continued (and still continues) Chalk Point Aquaculture Center operations on a 
voluntary basis with a MOU that allows credit toward 316(b) compliance.  While restoration 
measures will not be allowed under the revised 316(b) Rule those measures should serve as 
consideration for a final BTA determination for Chalk Point that will satisfy both Maryland and 
Federal §216(b) requirements.   
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4  
EVALUATION OF FISH PROTECTION TECHNOLOGIES 

Even though the analysis of current levels of impingement and entrainment suggest no change in 
the prior §316(b) determination for Chalk Point 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.  Chalk Point 
both historically and under the remanded Phase II Rule was subject to both impingement 
mortality and entrainment reduction requirements.  However, due to the current high level of 
barrier net performance, Chalk Point is likely to remain in compliance with the revised Rule’s 
impingement mortality reduction standard , Therefore, for Chalk Point, the focus for new 
technologies is on entrainment reduction technologies.  However, since the barrier net may not 
be compatible with certain entrainment reduction options the impingement mortality reduction 
for such options is also considered.  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.    

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 evaluated each of the alternative fish protection options (alternative technologies did not 
include closed-cycle cooling).  Two options, an 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 was at Mirant’s Lovett Generating Station on the Hudson River in New York.  
This facility is now retired.  Unfortunately this technology is not considered feasible for use at 
Chalk Point due to the shallow water at the confluence of Swansons Creek and the Patuxent 
River.  The technology requires use of a large surface area to reduce the through-net water flow 
(design calls for flow not to exceed 10 gpm/ft2).  To achieve this flow, Chalk Point would require 
over 50,000 ft2 of AFB and assuming a 10 ft average water depth including both the intake 
channel and surrounding shoals, the AFB would be nearly one mile long.  Achieving uniform 
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flow through a barrier of this size would be very difficult if not impossible.  Permitting of a net 
of this size would also be unlikely because of the obstruction an AFB poses to navigation.  For 
these reasons, the AFB is considered impractical for use at Chalk Point 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 densities of organisms offshore are significantly less than along the shoreline.  In the 
Lower Mississippi River a Phase I facility demonstrated it could meet the Track 2, 90% 
reduction performance criterion by demonstrating entrainable life stage densities were 
significantly less at the bottom compared to the upper water column.  In such situations 
extending the intake to withdraw cooling water from low density areas can reduce entrainment 
significantly.  However, due the size and depth of the Patuxent River in the vicinity of Chalk 
Point, there are no locations in reasonable proximity that would result in a significant reduction 
in entrainment and therefore this alternative was not evaluated further. 

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

4.1 Fine-mesh Traveling Screens  

Mode of Operation – This technology protects fish eggs and larvae by collecting and 
transporting them back to the source waterbody in a manner designed to maximize survival.  The 
collected organisms must be returned to a location that minimizes risk of re-collection on the 
screens.  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 Chalk Point - There are a variety of fine-mesh screen types 
including modified Ristroph screens, rotary disk 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.   

Ideally, design velocities for fine-mesh screens should be as low as practical and Chalk Point’s 
current approach velocities are 0.8 ft/sec.  Reducing the velocity approaching a traveling water 
screen may increase survival; however, increasing the screening area to reduce velocities enough 
to significantly increase survival would require the construction of a new larger screenhouse.  
On-going EPRI 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/sec 
approach velocities are not always evident.  Due to this uncertainty and the high cost of 
expanding (almost doubling) the intake structure, fine-mesh screen pilot studies at existing 
velocities would be necessary to determine performance with existing approach velocities.  This 
analyses determined the expansion of the intake to lower the velocity was not practical but 
cautions that pilot-scale testing be conducted for this option to verify site specific performance 
for Chalk Point species.   
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The estimated capital cost of installing this option at Chalk Point is approximately $5.2 million 
with an annual O&M cost of $0.65 million for a total annualized cost of $1.1 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 fish grow.  

The 0.5 mm fine-mesh screens would significantly reduce entrainment through retention of the 
screens; 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 Chalk Point is provided in Attachment B.  
Based on the size of organisms typically entrained, retention for 0.5 mm mesh screens would be 
over 90% effective in reducing entrainment for species such as naked goby, striped bass and 
yellow perch but only 39% - 52.2% effective for species such as silversides, bay anchovy and 
white perch.  However, based on the analysis provided in Table 15, 61 to 73% of the larvae 
contributing to the production foregone loss would be excluded.   However, species would be 
subject to additional mortality as a result of handling and transport back to Patuxent River.  
Survival upon return to estuary is estimated to be 54.2% for yellow perch, 39.9% for striped bass 
and in the range of only 3.7% – 4.9% for gobies and bay anchovies, the dominant forage species.     

In summary, the survival of collected larvae and other early life stages for this technology is very 
species and life stage specific.  Based on data from other sites and laboratory testing the survival 
of commonly entrained species is expected to be fairly low.  Additionally, entrainment survival 
is expected to be significant for many species such that the overall net benefit of this option 
cannot be accurately quantified without site-specific entrainment survival and fine-mesh 
traveling screen performance pilot studies.  

4.2 Narrow-slot Wedgewire Screens 

Use of 0.5 mm slot size (i.e. smallest slot size considered feasible for use to reduce entrainment) 
was evaluated for deployment at Chalk Point. 

Mode of Operation – Narrow-slot wedgewire screens act as an exclusion device to prevent fish 
eggs and larvae from being entrained using a combination of a narrow slot width and a low 
through-screen velocity.  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 technology including, 
the Benning Road Station in Washington, D.C. which uses 1 mm narrow-slot screens.  

Design Considerations for Chalk Point - This technology is considered feasible for use at 
Chalk Point and could significantly reduce entrainment and virtually eliminate impingement 
year-round.  Based on Chalk Point’s design flow, sixty-six, T-60 (i.e. 60 inch diameter) 
wedgewire screens would be required to reduce the through screen velocity to not exceed 0.5 fps.  
The screens would be mounted to six, 7 ft diameter intake pipes anchored to the river bottom at 
the mouth of the intake canal.  These pipes would connect back to a bulkhead wall installed 
across the canal.  The existing barrier net would be unnecessary and removed.   
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Stainless steel screens would be used.  A review of potential alternative materials and coatings 
were considered but rejected due potential impacts to fish and shellfish. To fit the screen and 
intake pipes the design assumed the river bottom would be dredged down to El. -21 ft.  To 
reduce the potential for siltation the design uses a 10H:1V side slope for the dredged area with 
intake pipes anchored with driven piles which would allow significant silting in the deployment 
area without impacting operations.  Boat barriers would be installed around the screen 
installation to prevent damage to the screen from recreational vessels.  This boat barrier would 
also reduce the amount of floating debris interacting with the screens, reducing O&M.  
Construction of this alternative would take 2 years and require Chalk Point to be shut down for 
approximately 1 month. 
 
The design uses an air backwash system to remove debris and organisms that collect on the 
screens and also help remove biofouling organisms.  The compressors and other associated 
equipment would be located in two control buildings constructed on the new bulkhead wall.  
Wiesema et al. 1979 reported that prior to the onset of bio-fouling the screen material became 
covered with a slime that aided in bio-fouling growth.  Regular air backwashing of the screens 
should reduce the build-up of this slime, and therefore bio-fouling.  Even with the air backwash 
the screens could be susceptible to biofouling and debris issues.  Use of semi-annual diver 
inspection of the screens should be conducted to monitor and remove biofouling and/or debris.  
The design also incorporates emergency bypass gates into the new bulkhead to allow flow to 
bypass the screens in the event of heavy debris blockage of the screens.  The traveling water 
screens would be left in place and maintained in the event of a bypass. 
 
The estimated capital cost of this technology is approximately $22 million and the O&M cost is 
estimated to be $0.6 million for a total incremental annualized cost of approximately $3.4 
million.   

Performance – Two key factors dictate performance for narrow-slot wedgewire screens.  These 
are the through-slot velocity relative to the ambient current velocity and the slot size of the 
screens.  Through-slot velocity and ambient velocity (also referred to as channel or approach 
velocity) can affect rates of 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).  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.  Without a 
detailed study of the hydraulics near Chalk Point, the magnitude of the sweeping currents at the 
selected location cannot be determined. 

A site-specific pilot study was conducted at Chalk Point in 1982 and 1983.  That study 
determined that entrainment at Chalk Point could be reduced in excess of the 60% performance 
standard in the withdrawn Rule.  In that study the smallest wedgewire slot size tested was 1.0 
mm which is twice the size used in the design evaluated in Attachment A.  Therefore it is likely 
that the performance would be greater.  Alden estimates reductions in excess of 98% for naked 
goby, yellow perch and striped bass and reductions ranging from 39% for white perch to over 
50% for bay anchovy and silversides. However, as noted for finemesh traveling screens 61 to 
73% of entrained bay anchovy biomass is associated with larger larvae that would be excluded. 
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Impingement with this technology would be virtually eliminated since the slot size would 
exclude all impingeable sized organisms and the through screen velocity would not exceed 0.5 
fps.  The withdrawn Rule indicated that reducing flow to less than 0.5 fps resulted in automatic 
compliance with the impingement mortality reduction performance standard with no 
performance monitoring being required. 

4.3 Use of Flow Reduction     
Two options for reducing flow were identified for use at Chalk Point.  They are reduced use of 
cooling water pumps by retrofitting the pumps with variable speed drives and use of wet closed-
cycle cooling. 

4.3.1 Use of Variable Speed Drive Pumps 

Mode of Operation – The withdrawn Rule assumed a proportional relationship between flow 
and entrainment and while water velocity and fish swim speeds were considered factors that 
affected impingement the Rule assumed reducing flow would also have a substantial benefit for 
impingement.  By reducing flow through use of variable speed drive pumps the intake screen 
approach velocity would also be reduced providing an additional benefit. 
 
Design Considerations for Chalk Point 
 
Because Chalk Point Units 1 and 2 are baseloaded use of reduced flow is somewhat limited due 
to the direct correlation between condenser cooling water flow and the ability of the Units to 
generate electric power.  However, there may be opportunities to reduce flow through use of 
variable frequency drives (VFDs) during periods of lower generation demand such as during the 
spring or nighttime.  It is not anticipated that use of this option alone would meet a 60% to 90% 
performance standard, however, this option could potentially be used along with other flow 
reduction credits (i.e. use of closed-cycle cooling for Units 3 and 4 and discontinued use of 
auxiliary cooling water pumps) as allowed under the revised Rule or with finemesh traveling 
screens. 
 
Only minor modifications to the system would be required to install the VFDs.  The existing 
traveling water screen equipment would not require replacement or upgrade and operation and 
maintenance would not change for the screens and cooling water pumps.  However, several 
issues must be addressed prior to installing VFDs to ensure reliable operation.  A minimum 
water pressure must be maintained in the existing condensers, since if the pumps operate too 
slowly, the maximum pressure may not be enough to keep the waterboxes full and may cause a 
vacuum in the top tubes of the condenser and outlet waterboxes.  At slow speeds, the existing 
circulating water pumps may experience uneven loading on the pump impellers causing 
excessive vibration resulting in potential damage to the pump bearings, motor and shaft.    
 
The estimated capital cost to install VFDs is $1.6 million.  The primary O&M cost would be the 
cost of power generation revenue loss to the extent that flow might be reduced during a period of 
Unit 1 and 2 dispatch.  This analysis assumes such reduction would be negligible.    
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Performance – The analysis of the 2005 data provided in Section 3 and Attachment A suggested 
some potential for entrainment effects to white perch and striped bass, as well as for some 
recovering herring species.  These losses occur over a relatively short period in April and May.  
These are periods when source waterbody temperatures are lower and there is reduced demand 
for generation.  The result is that there may be opportunities for reductions to anadromous and 
semianadromous spawners that would have no significant impact on Chalk Points Units 1 and 2 
generation demand.  Prior entrainment studies, as well as recent white perch source waterbody 
studies discussed in Section 3 and Attachment A also documented the spawning season for 
forage species, particularly bay anchovy, is primarily from June through mid-August.  This 
period is coincident with both high temperatures in the Patuxent and peak generation demand.  
However, entrainment for many species (including bay anchovy) was significantly greater at 
night when load demand drops such that there may be some opportunity for flow reduction for 
the bay anchovy.  A specific estimate of performance is not provided at this time but could be 
generated using several years of historical entrainment studies available and/or a more current 
entrainment study designed for this purpose. 

4.3.2 Use of Closed-cycle Cooling  

Facilities that employ closed-cycle cooling were considered to be in compliance with the Phase 
II Rule and 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 Chalk Point’s two once-
through cooling Units with wet mechanical draft cooling towers would have a capital cost on the 
order of $138 million and a cost of $226.5 million for a difficult rating. In addition, there would 
be an energy penalty due to the parasitic use of electricity by the cooling tower pumps and fans 
and the revenue loss from that generation would add additional cost.  There may be an additional 
revenue for an extended outage should that be required.  Since Units 1 and 2 are baseloaded the 
condensers could be optimized to avoid the heat rate penalty which would require and extended 
outage expected to be on the order of 6 to 8 months or more with a significant generating 
revenue loss during the period.  Cooling towers also 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.  This research is 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.  
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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. For impingement, Chalk Point has installed fish protection technologies and made 
operational changes that provide a significant impingement reduction benefit.  A barrier net 
has been installed and operated for over 20 years and studies have estimated an impingement 
reduction in excess of 80%.  Additionally, use of the auxiliary cooling water pumps, 
determined to cause mortality to impingeable sized blue crabs and finfish has been 
discontinued.  These reductions would have met the applicable performance standards of the 
withdrawn §316(b) Phase II Rule.  The barrier net and discontinued use of the auxiliary 
cooling water pumps were also determined to be BTA under Maryland’s §316(b) regulations 
that required use of technologies and/or operational measures that did not exceed 5X their 
annual benefit (based on AFS fish production values).  The estimated annual residual value 
for impingement was estimated to be $142,000 and there are no identified technologies or 
operational measures that can be implemented that would not exceed the 5X value.   

2. For entrainment, Chalk Point also has used design and operational features to reduce 
entrainment.  These features include use of closed-cycle cooling estimated to have reduced 
the facilities cooling water flow by 64.3%.  This credit would have been allowed under the 
Rule’s calculation baseline and would have been within the 60% to 90% entrainment 
reduction performance standard range.  Additionally, discontinued use of the auxiliary 
cooling water pumps reduced overall thermal discharge flow by approximately 30%.  Since 
this water did not pass through the cooling water system an entrainment reduction based on 
this flow reduction has not been estimated.  However, it is likely that some additional 
entrainment mortality resulted from plume entrainment due to exposure of entrainable life 
stages to the thermal discharge and residual biocides and therefore provided an un-quantified 
entrainment reduction benefit.   

3. In terms of Maryland’s §316(b) regulations the impact to the SNAC for forage species was 
addressed through a requirement to implement restoration measures that included fish 
stocking and removal of obstructions to migratory fishes in tributaries.  These permit 
requirements were completed over a seven year period.  However, Mirant continued to 
support the MDNR fishery restoration program on a voluntary basis and engaged in a MOU 
to allow credit for future compliance with the federal §316(b) requirements as allowed by the 
federal Rule.  

4. An analysis of some more recent ichthyoplankton data collected during five sampling events 
in April and May of 2005 determined some changes and potential increased entrainment 
effects for anadromous and semianadromous spawners that include white perch, striped bass 
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and herring species.  The study was not designed to provide a reliable estimate entrainment, 
however, estimates of entrainment and fractional entrainment losses using the data are 
provided.  The estimates suggest potential effects to some of these species but due to 
numerous uncertainties, new studies would be required to produce reliable entrainment and 
fractional loss estimates.  The data do provide useful information on inter-annual entrainment 
variation as a result of Patuxent River flows as well as estimates of the proportion of large 
versus small larvae entrained that is useful to inform the benefits of various fish protection 
screens.  Estimates of forage fish (i.e. bay anchovy) production foregone are also provided 
based on the 1987 data (these were considerably lower than would be expected from the 
historical studies) as well as uncertainties associated with the estimates.  As discussed, 
Mirant has and continues Chalk Point Aquaculture Center operations that serve to offset such 
entrainment losses until a revised §316(b) Federal Rule and/or Maryland regulations are in 
place (expected in 2012).  
 

5. The Utility Water Act Group (UWAG), Entergy Corporation, and Public Service Gas and 
Electric Company each filed a timely petition for Certiorari with the Supreme Court for 
review of the Decision.  The Supreme Court determined that it would not review the 
Decision regarding use of restoration measures; however, it decided it would review the 
Decision regarding consideration of compliance costs relative to the environmental benefits.  
The final decision was issued on April 1, 2009.  The Supreme upheld EPA’s use of the Cost-
Benefit Test in the Phase II Rule.  This provision of the Rule allowed facilities to compare 
the cost of technologies to meet performance standards to the benefit that would be achieved.  
Facilities were not required to install technologies that had a cost significantly greater than 
the benefit. 

6. 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 in the 
summer of 2010 and a final Rule in 2012.  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: 

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

e. impacts to energy production and supply; and 

f. adverse impacts associated with retrofits. 

Mirant is one of 31 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: 

d. the national cost of retrofits; 

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

The EPRI research project is national in scope and will provide information for Maryland’s 
facilities including Chalk Point.  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. 

7. Mirant has conducted an evaluation of potential intake technologies to reduce impingement 
and entrainment at Chalk Point 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.  The estimated capital cost of this option is $22 million and based on 
site specific pilot studies conducted at Chalk Point by PPRD this technology would be 
expected to reduce entrainment to within the withdrawn Rule’s entrainment reduction 
performance standard range.  A second potential option is use of fine-mesh traveling screens 
for an estimated capital cost of $5.2 million and annual O&M cost of $0.65 million.  While 
the cost of this option is significantly lower so is the performance and without pilot studies 
there is significant uncertainty as to whether or not this option would meet the withdrawn 
Rule’s performance standard.  A third option considered is use of VFDs to reduce flow on a 
seasonal or diel basis for an estimated capital cost of $1.6 million.  Chalk Point Units 1&2 
are baseloaded and therefore opportunities to reduce flow are somewhat limited.  However, 
flow reductions may be possible during the spring to reduce entrainment of anadromous and 
semianadromous species or even bay anchovy in the summer during the night when larval 
densities of this species are highest.  The best performing option overall would be a retrofit to 
closed-cycle cooling.  This option also has the highest capital cost estimated to be in the 
range of $138 to $226.5 million.  This cost estimate does not include the cost of lost revenue 
due to the energy penalty nor the cost of lost revenue for an extended outage if required.  
EPA did not base BTA on closed-cycle cooling in the withdrawn Rule in part to their 
determination that the cost did not justify the benefit.  The Supreme Court decision upheld 
EPA’s decision to reject retrofits as BTA on that basis.   

For the above reasons Mirant believes that under BPJ, Chalk Point’s current cooling water intake 
structure is BTA until the revised federal §316(b) requirements are issued.  
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1. Introduction 
 
With EPA’s remand of the 316(b) Phase II Rule, compliance with 316(b) reverts to Best 
Professional Judgment (BPJ) under NPDES Permits until EPA issues new regulatory 
requirements for compliance.  This report presents information based on new Patuxent River data 
and analysis to inform the BPJ decision making process for the new Chalk Point NPDES Permit.  
The Chalk Point Station is owned by Mirant Chalk Point LLC and is located at the mouth of 
Swanson Creek at its confluence with the estuarine section of the Patuxent River.  Chalk Point 
has 4 units which use cooling water withdrawn from the Patuxent River.  Units 1 and 2 have 
once-through non-contact condensers; and Units 3 and 4 have cooling towers which take make-
up water from the discharge of Units 1 and 2.  The cooling water is drawn from an intake canal 
which is approximately 0.5 km long and is discharged through a canal which joins the Patuxent 
River approximately 2 km up-estuary (Figure 1-1).  
 
The primary sources for the entrainment evaluation are historic studies conducted from 1977 to 
1987, as described in the Proposal for Information Collection (PIC) (Appendix 12) and 
contemporary studies (Kerr 2008) conducted in 2005.  The historic studies include those done as 
part of a 316(b) demonstration by the Academy of Natural Sciences of Philadelphia (ANSP 
1983a) and the Potomac Electric Power Company (Pepco) (Loos and Perry 1989), as well as 
parallel studies conducted for Maryland DNR Power Plant Siting Program (PPSP currently 
Power Plant Research Program PPRP) by Chesapeake Biological Laboratory (CBL) and Martin 
Marietta Environmental Systems (MMES).  MMES concluded that losses to anadromous/ 
semianadromous game fish were probably less than 3% (MMES 1985).  Much of the concern of 
the historic studies then shifted to impacts of entrainment of estuarine forage fish primarily bay 
anchovy.  The final determination on that issue was summarized in a letter from Power Plant 
Environmental Review Division (PPERD) to MDE (Teitt 1990).  It was concluded that its best 
estimate for forage fish population loss for the Patuxent River was about 20%.  Pepco estimated 
that Patuxent River forage fish population losses could be as high as 10%.  This was sufficiently 
high to require mitigation and that was included in a special condition in the Chalk Point NPDES 
permit. 
 
The mitigation included establishment of an aquaculture facility at Chalk Point and contribution 
to a fund for removal of obstructions to migratory fish (Bailey et al. 2000).  The aquaculture 
facility included 10 fish ponds along the west side of the discharge canal and a fish house with 6 
20-ft fish rearing tanks (Figure 1-1).  Operation of the Aquaculture Facility is no longer a permit 
requirement but Mirant has continued to operate it on a voluntary basis in cooperation with the 
Maryland DNR.  Mirant has a Memorandum of Understanding (MOU) with DNR that says fish 
produced after the NPDES permit requirement was no longer in effect could be credited toward 
316(b) compliance.  In essence DNR helps direct the operation of the fish rearing by choosing 
the species that need enhancement and it supplies fish larvae for grow-out at Chalk Point.  
Initially the primary species reared at the facility was striped bass; however starting in 1994 the 
focus shifted to American shad and hickory shad (Richardson et al. 2009a&b).  Recently several 
hundred thousand juvenile shad of each species have been reared annually (Appendix 1). 
 
Subsequent to the historic studies there was a resurgence of anadromous and semianadromous 
fishes in Chesapeake Bay and the Patuxent River (Bailey et al. 2000, Wood and Austin 2009).  
This positive development of increased fish stocks also increases the possibility of greater power 
plant effects on anadromous/semianadromous game fish species.  Also because the resurgence is  
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due in part to restoration efforts and Chalk Point was a participant; it is logical to compare 
entrainment losses to the current benefits related to operation of the Chalk Point Aquaculture 
Facility.  This is done in terms of equivalent juvenile fish which are lost and restored. 
 
There are some new data which allow evaluation of entrainment in the form of studies of larval 
fish biology by researchers at the Chesapeake Biological Laboratory.  While new studies were 
not designed to estimate entrainment at Chalk Point; they did include estimation of fish egg and 
larval densities in the Patuxent River and are considered informative of possible changes in 
entrainment in recent years.  A discussion of uncertainties resulting from use of these data is 
provided at the end of Section 2.  The field work used here for the entrainment study was 
conducted from April 7 to May 31, 2005 by Dr. Lisa Kerr as part of a PhD research study (Kerr 
2008).   These new data were used to do an updated evaluation of anadromous/semianadromous 
fish entrainment described in Section 2 of this report.  
 
It has also been learned recently that there are two migratory contingents of white perch in the 
Patuxent River, i.e. a resident freshwater contingent and a migratory brackish water contingent 
(Kerr et al. in press).  Since it seems likely that intake effects at Chalk Point are primarily 
restricted to the migratory contingent and since those individuals are more productive, there 
seemed to be a potential for disproportional impacts.  White perch is one of the most commonly 
entrained species at Chalk Point.  Therefore losses to the migratory brackish water contingent 
were explored to see how those losses might affect the Patuxent River population as a whole.  
This issue is addressed by Dr. Lisa Kerr in Appendix 3. 
 
There have been no studies sufficiently detailed to allow computation of new estimates of 
entrainment for estuarine forage fish such as bay anchovy (one of the dominant forage fish in 
Chesapeake Bay and an issue of concern in past 316(b) evaluations); but there have been a 
number of studies that better quantify bay anchovy production in Chesapeake Bay (e.g. Jung and 
Houde 2004a).  Therefore it was considered instructive to compute production forgone from the 
historic data and to compare that to the more current estimates of production.  There are reasons 
to believe that the population abundance of bay anchovy may have decreased due to increased 
predation by striped bass (Overton et al. 2009); therefore current production forgone should also 
be reduced from historic levels.  Thus a comparison of historic production forgone with more 
current estimates of production (included in Section 3 of the report) should be an 
environmentally conservative measure of current impacts. 
  
The references for impingement include studies done before and after installation of a barrier net 
at the mouth of the intake canal to reduce entrainment impacts.  Data from the primary reference 
period before deployment is summarized in the 316(b) demonstration (ANSP 1983b).  High 
levels of impingement observed during the ANSP study led to deployment of the barrier net 
system comprised of two nets.  Another issue was entrainment of impingeable size fish by 
tempering pumps which had been used to reduce the water temperatures in the discharge canal.  
Studies by ANSP and Pepco indicated high mortality rates of fish passing through these pumps 
and their used was discontinued.  The effectiveness of the barrier net was described when the net 
was first deployed by Pepco (Loos 1986 & 1987) and again after 20 years of deployment Bailey 
(2005).  It was concluded that the combination of cooling towers on units 1 and 2, 
discontinuation of tempering pumps and deployment of the barrier net had reduced losses of 
impingeable fish at Chalk Point by at least 80% and that these constituted the Best Available 
Technology (BAT) for reducing impingement at Chalk Point.  A copy of the Bailey (2005) 
publication is included in Appendix 13. 
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Figure 1-1.  Map of Chalk Point Station and adjacent portion of Patuxent River.   
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2. Entrainment of Anadromous/Semianadromous Fish 
 
2.1 Analytical methods 
 
This section describes the analytical methods used to estimate current levels of entrainment for 
dominant entrained species and their associated losses on Patuxent River populations of these 
species.  A substantial part of the analysis is based on 2005 data that are referred to as the 2005 
study in this report.  The field work for this study was conducted from April 7 to May 31, 2005 
by Lisa Kerr as part of a PhD research project (Kerr 2008) in the University of Maryland Center 
for Environmental Science program.  Data from other studies were also evaluated in light of the 
new information including studies in the late 1970’s (ANSP 1983a; Setzler et al. 1979; Mihursky 
et al. 1980).  Subsequent studies by Pepco that were done in the 1980’s focused on estuarine 
forage fish discussed in Section 3. 
 
2.1.1  2005 – white perch.  The white perch analysis uses ichthyoplankton data collected every 
other week during five sampling events from April 7 to May 31, 2005 from 13 stations located 
from Western Branch to Hunting Creek (Kerr 2008) (Figure 2-1).  The lower most station, EH, is 
located between the Chalk Point Station intake and discharge about 1.6 km above Chalk Point 
(the actual point is near the mouth of the intake canal Figure 2-1).  The data include abundance 
and length frequency distributions of eggs and larvae and environmental/water quality data (i.e. 
temperature, salinity, conductivity and dissolved oxygen [DO] ).   
 
All of the sampling in 2005 was conducted during the day.  Typically larval density estimates are 
higher at night than during the day.  This could cause a bias in estimates derived from the density 
data.  The analysis was adjusted based on day:night ratios observed in other studies to 
compensate for this bias 
.  
Other data used for the 2005 analysis were the mean circulator flow rates from 2004 to 2008 by 
month for April and May (EPA PSC database accessed July 2009) and the ratio of intake 
densities to mean river densities at stations located between the intake and discharge computed 
from ichthyoplankton data collected from 1978 and 1979 (ANSP 1983a). 
 
A two stage GAM was used to predict densities of white perch in the river on a daily basis.  In 
stage 1, a GAM was used to model conductivity as a function of a smooth of river kilometer.  In 
stage 2, predicted conductivity was used along with smoothed values for river kilometer and date 
to model the density of white perch larvae in 1-mm length intervals by river kilometer and date.  
The following models were used: 
 

Stage 1 – GAM using an over-dispersed Gaussian (normal) distribution for log-transformed 
conductivity 
 

log10(conductivity)  =  smooth(river km by date) + smooth(date by river km) 
 

Where 
log10( ) = base 10 logarithmic function; 
conductivity = specific conductivity in microsiemens (µS); 
smooth( ) = smooth spline function (the amount of smoothing is indicated by plots 
   included in the results section and in Appendix 7); 
day = day of the year with Jan. 1, 2005 as day 1; 
river km = river kilometer measured from the mouth of the Patuxent River. 
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Figure 2-1.  Map of Patuxent River showing ichthyoplankton stations sampled by CBL in 2005.  
Adapted from Kerr (2008) with station location based on latitude and longitude GPS data. 
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Stage 2 – GAM using an over-dispersed Poisson distribution for larval density 
 

density  =  smooth(river km by date) + smooth(date by river km) +  s(date by length bin) + 
                  predicted conductivity + offset 
 

Where 
density = number of larvae per 100 cubic meters for larvae in variable length bins; 
predicted conductivity = conductivity predicted from Stage 1 model 
offset = natural logarithm of width of length bin in mm 
 

The following length bins were used for fitting the model: 
 

 2 to 3 mm;  3 to 5 mm,  5 to 7 mm,  7 to 11 mm,   and 11 to 16 mm.   
 

Wider bins were used for larger larvae to ensure that there would be sufficient numbers in each 
bin.  The model fitting and entrainment estimation were implemented in R version 2.7.2, 
available at cran.r-project.org, using the mgcv package (Wood 2006). 
 
Prediction of densities for 1-mm length intervals was done by setting the offset term to zero. 
Abundance of larvae was computed by multiplying the larval density (number per unit volume) 
by river volumes appropriate for each station.  The volumes were the Chesapeake Bay Program 
bathymetry data (provided by Gary Shenk in June 2009) which are probably the best available at 
the present time.  The location of stations in terms of kilometers from the mouth of the river was 
determined with a CAD package.  A centerline was established along the tidal portion of the 
river.  The boundaries of counties adjoining the river appeared to approximate the centerline of 
the river reasonably well and were used so that the estimates would be more readily 
reproducible.   
 
Numerical production of larvae was computed by multiplying mean density of larvae by the 
number of larval generations or turnovers (Polgar et al. 1979), where the number of turnovers is 
the duration of the study period divided by the inverse of the growth rate.  For example, if the 
study period was 100 days and the growth rate was 0.4 mm per day then the number of turnovers 
would be 100 day / (1 mm /0.4 mm/day ) = 100 * 0.4 = 40; i.e. there would be 40 potential 
cohorts of larvae in 1-mm length intervals during the study period.  For this study, the study 
period was considered to represent the period from April 1 to May 31, 2005 (61 days) so there is 
a slight bit of extrapolation (from April 1 to April 7) at the beginning of the study.  There were 
no data for June however entrainment is expected to be reduced then (ANSP 1983a).  (The 
purpose of the thesis research was to characterize white perch abundance during the period when 
dominant cohorts were present – it was not designed specifically to estimate entrainment nor to 
be all inclusive.)  The growth rates were assumed to range from 0.2 to 0.4 mm per day based on 
a range of cohort growth rates for the Patuxent River (Kerr 2008). 
 
Entrainment was estimated from the mean density at Station EH, which is the station closest to 
the Chalk Point intake.  Studies by ANSP for 1978 & 1979 indicated that densities at the intake 
were approximately 0.3 times the mean density over stations located between the intake and 
discharge.  Entrainment densities were assumed to be 0.3 times the mean density at Station EH. 
 
The number of larvae entrained was estimated by multiplying the entrainment densities of larvae 
(number per unit volume) by the mean actual flow rates from 2002 to 2008. Mean monthly flows 
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as reported by Mirant to MDE in Discharge Monitoring Reports (DMRs) were used.  Total 
entrainment was then multiplied by temperature specific mortality rates to estimate the numerical 
larval entrainment losses. 
 
A range of entrainment mortality rates were used.  An EPRI report providing a summary of 
studies conducted at other power plants indicates white perch mortality rates of about 30 to 40% 
when discharge temperatures are below 30 oC as they typically are at Chalk Point in April and 
May (EPRI 2000).  To be environmentally conservative mortality rates of 50 to 75% were 
assumed.  The higher mortality rates seem warranted in light of mortality rates observed at Chalk 
Point, although for another species.  Silverside species mortality rates in the discharge canal 
ranged from 50 to 87% but some of this may have been due to “intake mortality” which ranged 
from 6 to 50% (Potter 1984).  No attempt was made to determine the extent of the intake 
mortality which was caused by the collection in plankton nets but some collection mortality 
seems likely. This same study found no additional mortality for larvae floated down the 
discharge canal in plastic bags.  
 
Fractional losses for individual 1-mm length intervals (length bins) were computed by dividing 
entrainment loss estimates by numerical production in the river.  Overall population loss was 
computed following the approach described by Polgar et al. (1979).  Losses for individual  
1-mm length intervals were aggregated over all intervals assumed to be entrained (i.e., length 
interval mid-points from 2.5 to 15.5 mm), as follows: 
 
Overall Fractional Population Loss  = 
1 – (1 – Fractional Loss for 2.5-mm length bin) * (1 – Fractional Loss for 3.5-mm length bin) 
 * (1 – Fractional Loss for 4.5-length bin) * (1 – Fractional Loss for 5.5-mmlength bin) 
            *  . . . (1 – Fractional Loss for 15.5-mm length bin) ). 
 
The comments above concerning diel bias need further discussion.   There can be considerable 
difference in entrainment rates between day and night periods and there was a requirement to 
account for diel variation in EPA’s withdrawn rule.  At Chalk Point entrainment is typically 
higher at night than during the day (ANSP 1983a).  It is therefore important to consider a 
methodology to account for diel variability.  Let’s first assume that the samples were collected at 
night.  With those data a night time entrainment rate could be computed and that estimate used to 
compute a daytime entrainment rate based on comparisons of historical day and night samples in 
the discharge canal.  The day and night entrainment estimates could then be summed.  Finally the 
diel integrated estimate could be compared to the larval production in the river computed from 
night samples which are most representative because of reduced gear avoidance in the river at 
night.  Actually, only daytime data are available for 2005 so both estimates (entrainment and 
production) would be biased low in terms of absolute estimates if this method were used.  
Therefore the day density estimates for entrainment and for river populations were adjusted to 
reflect night conditions; i.e. entrainment and river production estimates were both increased 
while daytime entrainment estimates were left as is. 
 
As it happens, there are no good data on the diel fluctuations in entrainment at Chalk Point for 
white perch per se.  The best data on the diel fluctuations in entrainment are from the Pepco 1987 
discharge samples which do not include white perch (only later spawning estuarine species were 
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counted).  But they do include naked goby which is quite similar to white perch, in the larval 
stage (in morphology and presumably in behavior as well).  Therefore the diel fluctuations in 
naked goby entrainment densities for 1987 were used as an indicator of the diel fluctuation in 
white perch.  
  
This computation was done by first estimating the fraction of entrainment hours during day and 
night periods based on seasonal sunrise / sunset data.  Entrainment densities for naked goby were 
grouped into 3-mm bins and the fractional entrainment during day and night periods for each bin 
was computed. 
 
  The following model was used: 
 

 density ~  smooth(day by=lenbin) + diel + I(diel*lenbin), 
Where: 
 lenbin is a 3-mm length interval 
 diel is a categorical type variable where 0 = day and 1 = night 
 I(diel*lenbin) is the arithmetic product of diel and lenbin 
 
 For small larvae there is a smaller difference between day and night periods than for large 
larvae.  These fractional differences were then used to partition white perch entrainment by diel 
period, which were used in the fractional loss estimates.  For naked goby (which were used to 
represent white perch) the day/night ratio ranged from 0.90 for larvae 2 to 5 mm TL to 0.36 for 
larvae and juveniles over 12 mm TL. 
 
The following expression was used to compute the integrated diel densities: 

 

Density * 1 * DayHoursFrac  +  (Density * NightEntFrac) * NightHoursFrac  
 

Where: 
 Density is the density of entrained larvae estimated from day intake or river samples; 
 NightEntFrac is the mean density in night discharge samples for representative species / 

mean density in day discharge samples    
(i.e. naked goby representative of perciform fishes including white perch and bay 

anchovy representative of clupeiform fishes including herrings); 
 DayHoursFrac is the fraction of the 24-hour period from sunrise to sunset; 
 NightHoursFrac is the fraction of the 24-hour period from sunset to sunrise. 
 
The only change for the diel adjusted estimate is that the entrainment part of the estimate (the 
numerator) was computed with the diel adjustment factor. 
 
To account for the fact that no data were collected in June in 2005, estimates of entrainment loss 
(numbers lost and percent population loss) were multiplied by the ratio of estimates with June 
data over estimates without June data from the historic studies.  The mean ratios over historic 
study years (1977 to 1989) were used.  For white perch the entrainment mortality adjustment 
factor was approximately 1.0 and the percent population loss adjustment factor was 
approximately 0.7.  For herring and shad these were about 2.0 to 3.0 for entrainment mortality 
and about 2.0 for % population loss. 
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Additional analysis was performed to inform the evaluation of alternative technologies. Since the 
screen or mesh size can affect the feasibility, cost and performance of technologies that rely on 
screening.  An analysis was performed for a larger screen size.  Specifically, Fractional 
Population Loss estimates assuming no entrainment of larvae in length bins 10 mm or larger was 
performed.   
 
2.1.2  2005 – yellow perch and striped bass.  The assessment approach described above 
requires abundance estimates in length categories. However, the 2005 study data included length 
measurements only for white perch.  These lengths were used to extrapolate lengths for other 
perciform anadromous/semianadromous fish.  This extrapolation was based on prior larval fish 
experience that length frequencies for these other species are similar although shifted toward 
larger sizes.  Campfield’s length plots (Figure 2.3 in Campfield 2004) for white perch and striped 
bass also show parallel seasonal changes in the lengths of white perch and striped bass.  For this 
analysis yellow perch and striped bass were assumed to be larger than white perch by a factor of 
1.2 which corresponds to the difference in hatching size and in the size of small juveniles 
collected in historic trawl studies.  Entrainment mortality rates were assumed to be similar to 
white perch (i.e. 50 to 75%) in April and May and 100% in June.  This is considered 
environmentally conservative.  Recently published mortality estimates for two Hudson River 
power plants ranged from 20 to 60% (Young et al. 2009) one day after entrainment.  However 
since striped bass eggs are large and fragile 100% mortality was assumed in all months.  Again 
this is considered environmentally conservative.  Initial mortality at Indian Point Station ranged 
from 25 to 50% (EPRI 2000). 
 
Before using this extrapolated length distribution to obtain length specific densities, the first step 
was to model the abundance of all lengths of larvae over station and date.  A GAM similar to that 
described above was used.  The estimated total abundances obtained from the GAM were 
multiplied by the fraction of white perch larvae in mm length intervals and then the length 
intervals end points were multiplied by 1.2 to shift the estimated densities toward larger sizes.  
After obtaining these length specific density estimates, entrainment and numerical river 
production were computed in the same way as for white perch. 
 
2.1.3  2005 – herrings.  The data for herrings did not include species identifications.  Therefore 
this analysis estimates the combined losses for all herring species which in the Patuxent River 
includes fish of high fishery value in the genus Alosa (alewife, blueback herring, American shad, 
hickory shad) as well as a gizzard shad in the genus Dorosoma, which has little fishery value 
except as a forage fish.  Therefore a special analysis was conducted for representative Alosa 
species as described under the heading “Herring Genus Alosa” below. 
 
For herrings there were no length-frequency data for a suitable representative species, therefore 
length data were generated using literature values for growth, mortality and the spatial pattern of 
mean lengths in the river (Campfield 2004).  The simulation assumes that larvae hatched from 
eggs spawned in the upper part and lower parts of the nursery.  Those from the upper part were 
assumed to be transported down estuary, while those in the lower part were retained there.  Both 
groups of larvae were projected to follow the same growth and mortality based on a range of 
literature values for growth rate and species specific mortality rates.  The final distribution had 
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the constraint that the mean length in the lower part of the nursery was 1.5 times larger than the 
mean length in the upper part of the area (Campfield 2004).  Details of the length frequency 
generation are discussed in Appendix 5. 
 
To adjust for diel fluctuations in entrainment the 1987 data were used and bay anchovy was 
selected as the representative species since we did not have adequate data for other herring 
species. 
 
2.1.4  2005 – herring genus Alosa.  It was considered important to obtain estimates of losses for 
Alosa species not only because of their higher fishery value but also because they are of special 
concern from a conservation status and because American shad and hickory shad are currently 
being reared at Chalk Point in cooperation with Maryland DNR as part of a restoration project 
(Richardson et al. 2009a&b; some details also in Appendix 2).   
 
While there were no ichthyoplankton estimates for American shad larvae in 2005; there were 
estimates of the number of larvae based on the DNR shad stocking evaluation study.  This 
included stocking of marked larvae and subsequent stocking of marked juveniles.  This led to 
estimates of numbers of both wild and stocked larvae in the river (Appendix 2; Richardson et al. 
2009a).  DNR also estimated mortality rates for the larvae and these were used to back calculate 
population numbers from the beginning juvenile age (assumed to be the age at 35 mm total 
length) to early stage larvae.  The longitudinal distribution of Alosa species in the estuary was 
assumed to be represented by white perch.  Several lines of evidence developed in Appendix 4 
indicate that this is an environmentally conservative assumption. 
 
2.1.5  1977 – all anadromous/semianadromous species.  The 1977 entrainment study analysis 
uses ichthyoplankton data collected by the Academy of Natural Sciences weekly from April 7 to 
June 23, 1977 from 27 stations located from Jug Bay to the Benedict Bridge (ANSP 1983a) 
(Figure 2-2).  No length data were collected.  In order to permit a fractional loss estimate using 
the methods similar to those used for 2005, it was assumed that the 1977 larvae had the same 
length distribution as the 2005 larvae.  A similar 2-stage analysis was performed except that 
salinity was used rather than conductivity as a predictor variable because conductivity data were 
not available.   
 
Using the adjustment factor based on data collected in 1978 and 1979, 0.3 times the mean 
density over stations located between the intake and discharge was used as the estimator of 
entrainment densities.  This included stations 24 to 27 (Figure 2-2).  The river volume and river 
kilometer associated with each station was determined in the same way as for the 2005 study. 
 
Again the diel-effect adjustments were computed using the same logic as for 2005.  However in 
this case the circumstances are more satisfactory because all samples were collected at night and 
day densities were estimated by multiplying the night densities by the day: night adjustment 
factor.   
 
Population loss estimates were computed in the same way as for 2005. 
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Figure 2-2.  Map of Patuxent River showing ichthyoplankton stations sampled by the Academy 
of Natural Sciences of Philadelphia in 1977.  Adapted from ANSP (1983a). 
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2.1.6  1978 and 1979 – all anadromous/semianadromous species.  The 1978 and 1979 
entrainment study analyses uses ichthyoplankton data from the Chesapeake Biological 
Laboratory (CBL) and from the Academy of Natural Sciences of Philadelphia (ANSP). 
 
The CBL study was a survey of egg and larval distributions primarily in the freshwater and 
oligohaline sections of the Patuxent River.  The 1978, CBL samples were typically collected 
weekly from April through June from below the US Route 4 bridge to Broomes Island; Stations 
1 to 10, located as far down estuary as the Benedict Bridge were used in the analysis (Figure  
2-3).  In 1979, Stations 3 to 10, from Lyons Creek to the Benedict Bridge were sampled during 
essentially the same study period.  The samples were collected with 1-meter bridled plankton 
nets during the day in both years.  No length data were collected.   
 
The CBL data were used as the primary source of the fractional loss estimates because they were 
collected over most of the white perch nursery habitat and included samples near Chalk Point 
which also permitted estimates of the entrainment of white perch larvae.  The river volume and 
river kilometer associated with each station was determined in the same way as for the 2005 
study. 
 
The ANSP study focused on the distribution of eggs and larvae near Chalk Point.  It included 
river stations that were located between the intake and the discharge.  There were also stations in 
the discharge and intake canals.  The samples were collected through out the period when larval 
white perch were present.  They were collected with a 0.5 meter diameter bridleless plankton 
nets at night in both years.  No length data were collected.  These data were used as a check of 
possible effects of different sampling methods on the population loss estimates.   
 
Another use of the Academy data was to develop an adjustment factor where by densities of 
larvae collected at Stations in the Patuxent River could be translated into densities in the intake 
canal which were presumed to represent the densities of larvae which were actually entrained.  
The same adjustment factor was used for all study years.  It is simply the ratio of the mean 
densities of larvae in the intake canal over the mean densities of river stations located between 
the intake and discharge (Appendix 6).  
 
In order to permit a fractional loss estimate using methods similar to those used for 2005, it was 
assumed that the larvae had the same length distribution.  A single stage model was used since 
salinity data for the samples was not at hand for the CBL data.  As in the 2005 study, the mean 
density over stations located between the intake and discharge (CBS Stations 8 and 9 – Figure 2-
3) were multiplied by an adjustment factor to estimate entrainment densities.   
 
For the CBL study, population loss estimates were computed in the same way as for 2005.  
Alternative estimates using entrainment estimates from the ANSP study were also computed. For 
the CBL study estimates of the numerator and denominator of the fractional loss were based on 
the river survey data.  For the alternative ANSP estimate the numerator (i.e. the entrainment 
estimate) was computed from the intake samples.  This results in some mismatch of sampling 
methods.  The ANSP samples were collected at night which tends to increase density estimates 
but were collected with a smaller net which tends to have the opposite effect on density 
estimates.  Both sets of estimates are considered to be reasonable; however the ANSP data have 
the advantage of being collected more frequently and closer to the intake. 
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Figure 2-3.  Map of Patuxent River showing ichthyoplankton stations sampled by the 
Chesapeake Biological Laboratory in 1978 and 1979.  Adapted from Setzler et al. (1979)  
and Mihursky et al. (1980). 
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2.2  Results 
 
2.2.1  Model fitting.  The larval density data for 2005 are summarized in Table 2-1 along with 
the salinity and conductivity data.  Egg data for striped bass are also included.  A more detailed 
summary by length bin is included in Appendix 6.  This appendix also has tabular summaries of 
all of the data from each of the studies used in the model fitting (2005, plus the historical studies 
from 1977 to 1979 for herring, white perch, striped bass and yellow perch).  Model fit was 
judged by doing graphical time series comparisons of the data and predictions.  Figures 2-4a to 
2-4b are example plots for white perch for 2-mm and 14-mm larvae.  A full set of comparisons 
for all length bins (available on request) indicates that the model fit the data reasonably well.  
Similar plots were done to check model predictions for other study years (also available on 
request) and they seemed satisfactory as well. 
 
2.2.2  Example comparison of larval distributions for white perch across study years.   
Comparison of model estimated densities of larvae /juveniles across study years was facilitated 
by preparing river-km – date contour plots which are based on model estimated densities for 
interpolations of observed densities.  Figures A8-1 to A8-4 (Appendix A8) show contour plots 
for individual length bins.  Contour plots for pooled length bins were also paired with plots of 
river flow at the USGS gauging station at Laurel MD and Salinity at Stations near Chalk Point 
(Figures 2-5a&b, to 2-8a&b, for years 2005, and 1977 to 1979). 
 
Typically densities were highest and distributed over a larger portion of the study area in early 
April.  There was an exception in 1978 when high flows in May appeared to be associated with a 
second peak.  Contrast that with the circumstance in 1977 when steadily increasing salinities 
during the study period appeared to be associated with decreasing larval densities. Although this 
is suggestive of an association between larval density, flow and salinity, there appeared to be 
insufficient data to attempt to estimate a quantitative relationship.  Other studies (e.g. North and 
Houde 2003) have indicated at production is typically highest near the turbidity maximum which 
in the Patuxent river occurs where conductivities are near 800 to 1000 µS (Campfield 2004) 
(which corresponds to the area where salinities are increasing from 0 to 0.1 ppt).    In all years, 
the highest densities were typically at least 1 km up-estuary from the Chalk Point intake.   
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Table 2-1.  Ichthyoplankton data and physical data used to fit generalized additive models 
(GAMs) which were in turn used to estimate entrainment and river production of 
anadromous/semianadromous fish for 2005.  Data for station near Chalk Point intake is 
highlighted in yellow.  Data provided by Dr. Lisa Kerr (Kerr 2008). 
 

Larval White Perch Densities - Length Pooled 
Station Density ( N / 100 m3 ) 

Num. Code 
River  
Km 4/7/2005 4/21/2005 5/3/2005 5/19/2005 5/31/2005 

13 WF 77.6 3,017 196 182 18 352 
12 PX 76.4 14,242 86 130 44 100 
11 JB 73.5 10,525 71 367     
10 LC 71.8 3,747 71 380   1,073 
9 FL 68.8 1,073 125   510   
8 N 67.4 767 257 708   531 
7 SC 65.9 149 246 694 599   
6 CH 62.6 259 436 1,016   314 
5 WL 60.7 105 157   410   
4 LM 58.4 74 419 1,015 450 397 
3 HC 52.9 77 1,578 477 181   
2 TP 48.8 67 304 423 93   
1 EH 45.1 54 81 173 3 1 

Salinity Data 
Station Salinity ( ppt ) 

Num. Code 
River  
Km 4/7/2005 4/21/2005 5/3/2005 5/19/2005 5/31/2005 

13 WF 77.6 0.1 0.1 0.13 0.1 0.1 
12 PX 76.4 0.1 0.1 0.13 0.1 0.1 
11 JB 73.5 0.1 0.1 0.13 0.1 0.1 
10 LC 71.8 0.1 0.1 0.13 0.1 0.1 
9 FL 68.8 0.1 0.1 0.13 0.1 0.1 
8 N 67.4 0.1 0.1 0.13 0.1 0.1 
7 SC 65.9 0.1 0.1 0.13 0.1 0.1 
6 CH 62.6 0.1 0.1 0.13 0.1 0.1 
5 WL 60.7 0.1 0.1 0.13 0.2 0.1 
4 LM 58.4 0.1 0.1 0.13 0.2 0.2 
3 HC 52.9 0.6 0.2 0.2 0.5 0.45 
2 TP 48.8 0.1 0.65 0.75 2.4 2.4 
1 EH 45.1 0.3 2.15 2.35 4.1 3.85 
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Table 2-1 Cont.  Ichthyoplankton data and physical data used to fit generalized additive models 
(GAMs) which were in turn used to estimate entrainment and river production of 
anadromous/semianadromous fish for 2005.  Data for station near Chalk Point intake is 
highlighted in yellow.  Data provided by Dr. Lisa Kerr (Kerr 2008). 
 

Herrings  Larvae (Not measured) 
Station Denstiy ( N / 100 m3 ) 

Num. Code 
River  
Km 4/7/2005 4/21/2005 5/3/2005 5/19/2005 5/31/2005 

13 WF 77.6 5 83 78 41   
12 PX 76.4 20 62 77 14 375 
11 JB 73.5 36 149 239     
10 LC 71.8 13 54 215   511 
9 FL 68.8 5 36       
8 N 67.4 3 44 197   501 
7 SC 65.9 0 39 232     
6 CH 62.6 1 48 256   133 
5 WL 60.7 0 12   73   
4 LM 58.4 0 29 361 285 364 
3 HC 52.9 1 188 187 289   
2 TP 48.8 0 161 240 15   
1 EH 45.1 1 154 24 0 0 

Yellow Perch  Larvae (Not measured) 
13 WF 77.6 130 0 0 0   
12 PX 76.4 282 1 0 0 0 
11 JB 73.5 246 10 3     
10 LC 71.8 160 8 2   0 
9 FL 68.8 361 6       
8 N 67.4 143 21 6   0 
7 SC 65.9 56 11 9     
6 CH 62.6 85 5 3   7 
5 WL 60.7 61 10   0   
4 LM 58.4 30 13 8 0 0 
3 HC 52.9 14 18 10 0   
2 TP 48.8 9 84 38 0   
1 EH 45.1 2 1 1 0 0 
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Table 2-1 Cont.  Ichthyoplankton data and physical data used to fit generalized additive models 
(GAMs) which were in turn used to estimate entrainment and river production of 
anadromous/semianadromous fish for 2005.  Data for station near Chalk Point intake is 
highlighted in yellow.  Data provided by Dr. Lisa Kerr (Kerr 2008). 
 

Striped Bass Eggs 
Station Density ( N / 100 m3 ) 

Num. Code 
River  
Km 4/7/2005 4/21/2005 5/3/2005 5/19/2005 5/31/2005 

13 WF 77.6 0 0 0 0   
12 PX 76.4 0 0 15 0 0 
11 JB 73.5 0 1 20     
10 LC 71.8 0 0 5   1 
9 FL 68.8 0 5       
8 N 67.4 0 53 12   19 
7 SC 65.9 0 39 72     
6 CH 62.6 0 109 109   0 
5 WL 60.7 1 186   2   
4 LM 58.4 13 535 579 19 156 
3 HC 52.9 39 4,745 551 6   
2 TP 48.8 16 645 53 1   
1 EH 45.1 1 92 17 0 0 

Striped Bass Larvae (Not measured) 
13 WF 77.6 0 0 0 0   
12 PX 76.4 0 0 0 0 0 
11 JB 73.5 0 0 0     
10 LC 71.8 0 0 0   0 
9 FL 68.8 0 0       
8 N 67.4 0 0 0   6 
7 SC 65.9 0 0 0     
6 CH 62.6 0 0 1   0 
5 WL 60.7 0 1   10   
4 LM 58.4 0 1 2 21 30 
3 HC 52.9 0 63 23 7   
2 TP 48.8 0 66 48 0   
1 EH 45.1 2 2 1 0 0 
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Figure 2-4a – Time series plots of observed and model predicted white perch larval densities for 
2.5-mm length bin in 2005.  Densities values are log-transformed, i.e. log10(density + 1), where 
the original density units are N/100m3. 
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Figure 2-4b – Time series plots of observed and model predicted white perch larval densities for 
14-mm length bin in 2005. Densities values are log-transformed, i.e. log10(density + 1), where 
the original density units are N/100m3. 
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Contour units are log-transformed, i.e. log10(density + 1), where the original density units are 
N/100m3; cyan higher densities; purple lower densities. 
 
Figure 2-5a.  River_km – date contour plots of predicted white perch larval densities for pooled 
length bins 2005. 
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Blue Trace – Flow;  Red Trace – Salinity 
 
Figure 2-5b – Flow and salinity during sampling in the Patuxent River in 2005. 
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Contour units are log-transformed, i.e. log10(density + 1), where the original density units are 
N/100m3; cyan higher densities; purple lower densities. 
 
Figure 2-6a – River_km – date contour plots of predicted white perch larval densities for pooled 
length bins 1977. 
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Blue Trace – Flow;  Red Trace – Salinity 
 
Figure 2-6b – Flow and salinity during sampling in the Patuxent River in 1977. 
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Contour units are log-transformed, i.e. log10(density + 1), where the original density units are 
N/100m3; cyan higher densities; purple lower densities. 
 
Figure 2-7a – River_km – date contour plots of predicted larval densities for pooled length bins 
1978. 
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Blue Trace – Flow;  Red Trace – Salinity 
 
Figure 2-7b – Flow and salinity during sampling in the Patuxent River in 1978. 
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Contour units are log-transformed, i.e. log10(density + 1), where the original density units are 
N/100m3; cyan higher densities; purple lower densities. 
 
Figure 2-8a – River_km – date contour plots of predicted white perch larval densities for pooled 
length bins 1979. 
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Blue Trace – Flow;  Red Trace – Salinity 
 
Figure 2-8b – Flow and salinity during sampling in the Patuxent River in 1979. 
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In 1978 and 1979, the pattern of larval densities at the intake appears to be reasonably predicted 
by densities in the river (Figures 2-9 and 2-10).  However subsequent adjustment for diel effects 
increased the river densities because these samples were collected during the day.  The ANSP 
intake samples were unchanged because they were collected at night.  This increased entrainment 
estimates for CBL data well above estimates based on the ANSP data (6 to 7 times higher in 
1979).  Thus it seems that slight differences (perhaps related to sampling methods or 
distributional changes related to salinity) were sufficient to cause a noteworthy effect on 
entrainment population loss estimates for 1979. 
 
Similar plots were done for other anadromous/semianadromous fishes including herring spp., 
striped bass eggs and larvae and yellow perch larvae.  River_km – Date Contour plots for 2005 
are shown in Appendix 8 Figures A8-5 to A8-8.  Plots for the historic studies are available on 
request. 
 
 
2.2.3  Example computation of potential entrainment, numeric production and population 
loss estimates for 2005.  The computation of entrainment loss entails a sequence of steps. First 
estimates are obtained for size specific river densities. From these come estimates of entrainment 
densities which are multiplied by intake flow rate to estimate larvae entrained. The total larvae 
entrained are adjusted by entrainment mortality to estimate entrainment loss.  To put the loss in a 
common currency, the entrainment loss is projected to percent population loss at a juvenile stage. 
This section gives an overview of the conversion factors, adjustments, and computations used to 
implement these steps.  Computations and plots for white perch in 2005 are used as examples; 
similar computations and plots were done for other species and for other study years. 
 
The first step in the estimation procedure was to adjust larval densities to account for size 
specific diel variations.   In 2005, samples were collected during the day.  Larval white perch 
densities at night were estimated by multiplying the daytime densities by the ratio of night and 
day densities observed in the discharge canal for naked goby in 1987. Size specific ratios were 
computed as illustrated in Appendix 9.  To compute the total numbers entrained, the mean larval 
density near Chalk Point was adjusted to reflect mean densities at the intake each month  This 
monthly mean estimate of intake density was multiplied by the mean monthly circulator flow 
rate for years from 2004 to 2008 (Table 2-2).  The mean flow rates were as follows:  April – 22.7 
m3/sec;  May – 22.3 m3/sec;  and June – 30.5 m3/sec.  There were no larval samples in June 
2005; however there were data for June in the historic studies and the June flow rate was 
applicable for those studies.  Circulator flow volume was adjusted for the duration of day and 
night periods.   
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Red circles – intake density extrapolated from for CBL data (mean densities near Chalk Point 

times river to intake adjustment factor);  
Red trace – model predicted larval density based on CBL river survey data (prediction includes 

river to intake adjustment);  
Green circles - ANSP observed intake densities. 
 
Figure 2-9.  Observed and predicted white perch larval densities at intake for CBL study 
compared with observed intake densities from ANSP study in 1978. 
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Red circles – intake density extrapolated from for CBL data (mean densities near chalk point 

times river to intake adjustment factor);  
Red trace – model predicted larval density based on CBL river survey data (prediction includes 

river to intake adjustment);  
Green circles - ANSP observed intake densities. 
 
Figure 2-10.  Observed and predicted white perch larval densities at intake for CBL study 
compared with observed intake densities from ANSP study in 1979. 
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Table 2-2.  Mean circulator flows for Chalk Point Station for months when white perch 
entrainment occurs over years from 2004 to 2008. 

    
Chalk Point Circulator Flow (MGD) 

year April May June 
2004 666 603 715 
2005 630 419 737 
2006 472.2 416.4 677.6 
2007 457.1 564.9 622.3 
2008 361.9 538.3 725.3 

Mean 517.44 508.32 695.44 
    

Chalk Point Circulator Flow (m3/sec) 
year April May June 

2004 29.2 26.4 31.3 
2005 27.6 18.4 32.3 
2006 20.7 18.2 29.7 
2007 20 24.7 27.3 
2008 15.9 23.6 31.8 

Mean 22.68 22.26 30.48 
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Table 2-3 shows the mortality rates that were used for each species to compute the number of 
larvae lost due to entrainment.  Larval mortality rates are assumed to be relatively low when 
discharge temperatures are less than 30 oC (EPRI 2000).  This is typically the case in April and 
May.  Note that daily median discharge temperatures from 2002 to 2008 did not begin to exceed 
30 oC until near the end of May (Table 2-4).  It was assumed that larval mortality was 100% in 
June and striped bass egg mortality was 100% in all months.  For white perch, mortality rates 
were assumed to range from 50% to 75% (see Section 2.1.) (Table 2-3).  These rates are higher 
than EPRI estimates of 30% to 40% for discharge temperatures less than 30 oC.  This led to a 
range of estimates for entrainment mortality (the numerator of the fractional loss estimates) in 
2005 from 10 million to 15 million (Table 2-5) for white perch larvae summed over all lengths.   
 
The cumulative losses for larvae of increasing length are shown for the fast and slow growth rate 
assumptions on the right side of Table 2-5.  Two of these values are highlighted:  the value for 
the 15.5-mm length bin (center point) indicates the cumulative losses for all lengths that were 
entrained up to 16 mm, which is the approximate maximum size entrained; the value at 9.5 mm 
indicates the cumulative losses for lengths up to 10 mm. 
 
Table 2-3.  Entrainment mortality rates used to compute numbers of larvae killed by entrainment. 
(Monthly entrainment mortality rates reflect discharge temperatures shown in Table 2-4.) 
 

  
Entrainment 
Mort.   

Species/ Developmental Period Month Low High 
April 70% 90% 
May 70% 90% 

Clupeiform species larvae 
(Herring and shad species) 

June 100% 100% 

Striped bass eggs All 100% 100% 
April 50% 75% 
May 50% 75% 

Perciform species larvae 
(Striped bass, white perch, yellow perch) 

June 100% 100% 
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Table 2-4.  Median minimum, mean and maximum discharge temperatures at Chalk Point 
Station from April and May 2002 to 2008.  Temperatures greater than 30 oC (when increased 
larval mortality is expected) are highlighted in yellow. 
 

Median Discharge Temp ( oC ) 
April May June 

Day Min Mean Max Min Mean Max Min Mean Max 
1 16.7 18.4 19.8 23.1 24.3 27.1 28.9 31.2 33.3 
2 17.8 19.1 21.4 23.1 25.0 26.9 29.4 31.4 34.1 
3 16.9 19.6 22.8 23.1 24.4 26.6 28.8 31.3 33.8 
4 18.8 20.7 22.0 23.0 24.2 25.8 27.1 28.6 30.3 
5 18.2 19.9 21.2 23.0 24.9 26.8 26.4 30.0 33.3 
6 18.1 19.7 21.1 23.7 25.9 28.2 28.5 32.0 34.6 
7 17.3 18.4 20.5 23.9 26.5 28.9 27.3 31.4 35.1 
8 15.8 17.6 19.4 24.7 26.2 28.9 29.6 31.9 34.5 
9 17.2 19.3 20.7 24.6 27.1 28.6 30.5 33.0 36.6 

10 18.2 19.6 21.3 25.1 27.3 29.6 31.6 34.2 36.6 
11 18.3 19.8 21.1 25.8 27.6 30.1 31.2 34.4 37.1 
12 18.2 20.0 21.2 26.2 28.5 30.7 33.5 35.8 37.7 
13 19.1 21.0 22.6 26.4 27.7 29.6 32.7 35.4 36.8 
14 18.9 21.2 23.3 24.9 27.2 29.3 30.9 33.1 34.7 
15 18.7 20.6 23.1 25.4 27.3 29.3 30.3 32.5 34.5 
16 19.3 22.3 24.1 25.7 27.8 30.4 30.0 32.4 34.5 
17 18.5 21.6 23.1 26.3 28.3 30.7 30.6 33.4 36.1 
18 20.0 22.1 25.8 25.7 28.4 30.3 31.2 33.4 36.1 
19 20.7 22.7 24.7 25.5 27.8 29.2 31.3 33.7 35.3 
20 21.3 23.1 25.8 23.4 26.2 28.9 31.0 33.4 35.8 
21 22.5 24.4 25.5 23.7 25.2 27.0 31.6 34.3 37.4 
22 21.9 24.2 25.6 24.0 25.5 27.8 31.7 34.6 37.2 
23 21.5 25.0 27.5 24.4 26.7 29.0 32.3 34.0 35.4 
24 22.4 25.1 27.5 24.8 26.4 28.4 31.1 34.0 36.5 
25 22.3 24.0 25.6 25.7 27.4 29.9 32.3 34.7 36.6 
26 21.4 23.3 25.2 26.4 28.5 30.9 32.3 34.6 37.3 
27 21.6 23.5 26.0 26.8 29.2 32.0 33.1 35.0 36.8 
28 22.7 24.5 26.2 28.4 30.7 32.8 33.2 36.1 37.8 
29 22.4 24.9 26.1 28.1 29.6 31.2 31.9 35.0 37.2 
30 22.3 24.7 27.2 29.2 31.0 33.1 32.1 34.7 37.2 
31       28.4 30.6 32.6       
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Table 2-5.  Unadjusted % white perch population loss for Patuxent River (prior to adjustment to compensate for lack of data in June) 
 

River Production (mil) Conditional Mort % Conditional Surv. % Cum. % Pop Loss Len. 
 Bin 

(mm) 

Ent. 
Total 

x 1,000 
Ent.Mort 
x 1,000 

Mean 
River Abun 

 x 1,000 
Fast  

Growth 
Slow 

Growth 
Fast  

Growth 
Slow 

Growth 
Fast  

Growth 
Slow 

Growth 
Fast  

Growth 
Slow 

Growth 
High Entrainment Mortality (75%) 

2.5 10,493 7,870.1 240,882.4 5,877,531 2,938,766 0.134% 0.268% 99.866% 99.732% 0.134% 0.268% 
3.5 4,013 3,009.8 67,551.1 1,648,246 824,123 0.183% 0.365% 99.817% 99.635% 0.316% 0.632% 
4.5 1,833 1,374.8 33,982.7 829,177 414,588 0.166% 0.332% 99.834% 99.668% 0.482% 0.962% 
5.5 1,153 864.4 21,955.5 535,715 267,858 0.161% 0.323% 99.839% 99.677% 0.642% 1.281% 
6.5 783 587.6 15,346.0 374,444 187,222 0.157% 0.314% 99.843% 99.686% 0.798% 1.591% 
7.5 485 363.8 11,041.9 269,423 134,711 0.135% 0.270% 99.865% 99.730% 0.932% 1.857% 
8.5 352 264.2 8,062.2 196,717 98,358 0.134% 0.269% 99.866% 99.731% 1.065% 2.120% 
9.5 260 195.1 5,942.9 145,006 72,503 0.135% 0.269% 99.865% 99.731% 1.198% 2.384% 

10.5 176 131.7 4,412.3 107,661 53,831 0.122% 0.245% 99.878% 99.755% 1.319% 2.623% 
11.5 132 99.0 3,295.3 80,406 40,203 0.123% 0.246% 99.877% 99.754% 1.441% 2.862% 
12.5 100 75.3 2,473.9 60,363 30,181 0.125% 0.249% 99.875% 99.751% 1.563% 3.105% 
13.5 76 57.3 1,865.3 45,515 22,757 0.126% 0.252% 99.874% 99.748% 1.687% 3.349% 
14.5 59 43.9 1,412.3 34,461 17,231 0.127% 0.255% 99.873% 99.745% 1.813% 3.595% 
15.5 45 33.7 1,073.3 26,189 13,094 0.129% 0.257% 99.871% 99.743% 1.939% 3.843% 

Low Entrainment Mortality (50%) 
2.5 10,493 5,246.7 240,882.4 5,877,531 2,938,766 0.089% 0.179% 99.911% 99.821% 0.089% 0.179% 
3.5 4,013 2,006.5 67,551.1 1,648,246 824,123 0.122% 0.243% 99.878% 99.757% 0.211% 0.422% 
4.5 1,833 916.6 33,982.7 829,177 414,588 0.111% 0.221% 99.889% 99.779% 0.321% 0.642% 
5.5 1,153 576.3 21,955.5 535,715 267,858 0.108% 0.215% 99.892% 99.785% 0.428% 0.855% 
6.5 783 391.7 15,346.0 374,444 187,222 0.105% 0.209% 99.895% 99.791% 0.533% 1.063% 
7.5 485 242.5 11,041.9 269,423 134,711 0.090% 0.180% 99.910% 99.820% 0.622% 1.241% 
8.5 352 176.1 8,062.2 196,717 98,358 0.090% 0.179% 99.910% 99.821% 0.711% 1.418% 
9.5 260 130.1 5,942.9 145,006 72,503 0.090% 0.179% 99.910% 99.821% 0.800% 1.595% 

10.5 176 87.8 4,412.3 107,661 53,831 0.082% 0.163% 99.918% 99.837% 0.881% 1.755% 
11.5 132 66.0 3,295.3 80,406 40,203 0.082% 0.164% 99.918% 99.836% 0.962% 1.917% 
12.5 100 50.2 2,473.9 60,363 30,181 0.083% 0.166% 99.917% 99.834% 1.045% 2.080% 
13.5 76 38.2 1,865.3 45,515 22,757 0.084% 0.168% 99.916% 99.832% 1.128% 2.244% 
14.5 59 29.3 1,412.3 34,461 17,231 0.085% 0.170% 99.915% 99.830% 1.212% 2.410% 
15.5 45 22.5 1,073.3 26,189 13,094 0.086% 0.172% 99.914% 99.828% 1.297% 2.578% 
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Table 2-6 shows the estimates for 2005 before and after the adjustment to account for missing 
data in June.  There was virtually no change in the white perch estimates.  Growth rate had a 
substantial effect on loss estimates.  Fractional population loss ranged from 1.3% for the low-
mortality/ fast-growth scenario and 3.8 for the high-mortality/slow-growth scenario. 
Approximately one half of the estimated population loss for white perch was for larvae less than 
10 mm TL. 
 
For the herrings, the June adjustment was more substantive; there was roughly a two fold 
increase in estimates.  There was also a relatively wide range in estimates across the growth rate 
and entrainment mortality scenarios.  Additionally, uncertainties in growth rate and mortality rate 
led to a relatively wide range in estimates.  For example, percent population loss estimates for 
white perch after the adjustment ranged from 1.1 to 3.4%.  
 
Table 2-6.  Estimates of entrainment loss for all species for 2005 with and without adjustment for 
missing data in June.  Percent population loss estimates are for the Patuxent River. 
 

Potential % Population Loss Entrainment  
Mortality (thou) All Size Larvae Larvae < 10 mm  

species 
Growth 

Rate 

Ent. 
Mort. 
Rate w/o Adj w/ Adj w/o Adj w/ Adj w/o Adj w/ Adj 

Estimates based on 2005 data 
Low 4.5 11.0 0.57% 1.13% 0.08% 0.16% Fast 
High 5.8 12.3 0.73% 1.26% 0.11% 0.18% 
Low 23.9 57.6 1.36% 2.56% 0.13% 0.25% 

American shad 
Slow 

High 30.7 64.4 1.75% 2.86% 0.17% 0.28% 
Low 468.8 1,128.4 1.41% 2.79% 0.30% 0.60% Fast 
High 602.7 1,262.3 1.81% 3.10% 0.39% 0.67% 
Low 508.2 1,224.9 2.79% 5.23% 0.54% 1.01% 

River herring 
Slow 

High 653.4 1,370.1 3.57% 5.83% 0.69% 1.13% 
Low 23,677.1 56,995.6 7.86% 15.55% 2.44% 4.82% Fast 
High 30,442.0 63,760.8 9.99% 17.16% 3.12% 5.36% 
Low 21,762.4 52,451.8 12.59% 23.61% 3.88% 7.28% 

River herring &  
Gizzard shad 

Slow 
High 27,980.3 58,669.0 15.89% 25.94% 4.96% 8.10% 

Striped bass  egg Fast High 6,159.2 6,159.2 0.22% 0.23% 0.22% 0.23% 
Low 959.4 963.7 13.34% 12.26% 5.83% 5.36% Fast 
High 1,439.1 1,445.5 19.37% 17.81% 8.64% 7.94% 
Low 959.4 963.7 21.29% 19.57% 9.56% 8.79% 

Striped bass  
larva 

Slow 
High 1,439.1 1,445.5 30.29% 27.83% 14.05% 12.92% 
Low 12,834.6 12,854.3 1.30% 1.14% 0.80% 0.70% Fast 
High 19,251.9 19,281.5 1.94% 1.70% 1.20% 1.05% 
Low 12,834.6 12,854.3 2.58% 2.27% 1.59% 1.40% 

White perch 
Slow 

High 19,251.9 19,281.5 3.84% 3.38% 2.38% 2.10% 
Low 737.2 757.9 4.67% 4.87% 2.19% 2.29% Fast 
High 1,105.7 1,137.0 6.93% 7.22% 3.28% 3.42% 
Low 737.2 757.9 7.67% 7.99% 3.64% 3.79% 

Yellow perch 
Slow 

High 1,105.7 1,137.0 11.29% 11.78% 5.41% 5.64% 
Estimates based on Wet Year Scenario 

Low 84,170.8 84,299.9 11.13% 9.77% 6.57% 5.77% Fast 
High 126,256.3 126,449.9 16.25% 14.28% 9.71% 8.53% 
Low 84,170.8 84,299.9 21.10% 18.54% 12.76% 11.21% 

White perch 
Slow 

High 126,256.3 126,449.9 30.03% 26.41% 18.59% 16.35% 
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Note that there are three categories of herrings listed in Table 2-6 (on previous page): American 
shad, river herring, and all herring & gizzard shad.  The last estimate was computed using the 
unidentified herring data.  The unidentified herring could include alewife, blueback herring, 
gizzard shad and a very small percentage of American shad and hickory shad).  As noted in 
Appendix 4, a large fraction of these larvae are believed to be gizzard shad which over-winter in 
the discharge canal and probably also spawn there.  It is believed that the longitudinal 
distribution of river herring is more accurately represented by the distribution of white perch than 
by this combined herring category.  Numerous lines of evidence presented in Appendix 4 
indicate that using the longitudinal distribution of white perch (i.e. fractional distribution by river 
kilometer) as a surrogate for the longitudinal distribution of river herring and American shad is 
environmentally conservative.  The abundance for American shad was based on the DNR mark-
and-recapture estimates.  The abundance for river herring was scaled to American shad based on 
the observation by Campfield (2004) that densities of river herring larvae were 72 times higher 
than densities of American shad larvae.  The fractional loss estimates for American shad and 
river herring computed in this manner turn out to be much lower than the combined estimates.  
This finding indicates that most of the entrainment loss was for gizzard shad.   While the gizzard 
shad may have some value as forage fish they are sometimes considered a nuisance and are not 
as important as the American shad and river herring from a fishery standpoint.  No estimates 
were made for hickory shad because there is more uncertainty concerning life history parameters 
for this species.  However the longitudinal distribution is believed to be primarily up-river away 
from the power plant intake and therefore their losses are probably similar to American shad on a 
percentage basis. 
 
 
2.2.4  Entrainment, numeric production and population loss estimates across study years.  
The computation of a range of entrainment loss estimates for anadromous/semianadromous 
fishes in 2005 is shown in Table 2-7.  Similar summaries for other study years are in Appendix 
10.  For each year, there is an estimate of the total number of larvae entrained and two estimates 
of numbers of larvae killed by entrainment based on a range of mortality rate assumptions (EPRI 
2000).  Estimates of fractional loss are higher for the slow growth scenario because the river 
production is reduced.  For the perch and bass the entrainment estimates are the same for the fast 
and slow growth scenarios.  This is because observed size frequencies were used and these were 
not adjusted for the different growth scenarios.  For the herrings including American shad and 
hickory shad the entrainment estimates were higher for the slow growth scenario.  This is 
because the growth rate was included in the data generation and reflects the expectation that 
slower growing larvae would remain vulnerable to entrainment over a longer time interval and 
therefore entrainment would increase.   
 
It was assumed that the best or most representative estimate for any year would be close to the 
median estimate over the various assumptions; these are summarized in Table 2-8 for each study.  
In 2005, the median estimate for larvae over all species ranged from about 2 to 21%.  For striped 
bass eggs the median estimate was less than 1%. 
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Table 2-7.  Detailed potential population loss estimates for Patuxent River due to entrainment at 
Chalk Point Station for 2005. 
 

Potential Population Loss Estimates for 2005 

Growth Rate All Larvae Only larvae < 10 mm Entrained 

Species Desc. 
(mm/ 
day) 

Ent. 
Mort 

Ent. 
Sum 

x 1000 

Ent. 
Mort 

x 1000 

Percent 
Potential
Pop Loss 

Ent. 
Sum 

x 1000 

Ent. 
Mort 

x 1000 

Percent 
Potential
Pop Loss 

Low 11 1.13% 3 0.16% Fast 0.8 
High 

16 
12 1.26% 

4 
3 0.18% 

Low 58 2.56% 14 0.25% 
American shad 

Slow 0.45 
High 

82 
64 2.86% 

20 
16 0.28% 

Low 1128 2.79% 621 0.60% Fast 0.6 
High 

1612 
1262 3.10% 

891 
694 0.67% 

Low 1225 5.23% 820 1.01% 
River herring 

Slow 0.4 
High 

1750 
1370 5.83% 

1175 
917 1.13% 

Low 56996 15.55% 35331 4.82% Fast 0.6 
High 

81422 
63761 17.16% 

50706 
39524 5.36% 

Low 52452 23.61% 37264 7.28% 
All herring & 

 Gizzard shad 
Slow 0.4 

High 
74931 

58669 25.94% 
53420 

41681 8.10% 
Striped bass  egg     100% 6159 6159 0.23% 6159 6159 0.23% 

Low 964 12.26% 850 5.36% Fast 0.5 
High 

1927 
1446 17.81% 

1699 
1274 7.94% 

Low 964 19.57% 850 8.79% 
Striped bass 

  larva 
Slow 0.3 

High 
1927 

1446 27.83% 
1699 

1274 12.92% 
Low 12854 1.14% 12045 0.70% Fast 0.4 
High 

25709 
19281 1.70% 

24089 
18067 1.05% 

Low 12854 2.27% 12045 1.40% 
White Perch 

Slow 0.2 
High 

25709 
19281 3.38% 

24089 
18067 2.10% 

Low 758 4.87% 668 2.29% Fast 0.5 
High 

1516 
1137 7.22% 

1336 
1002 3.42% 

Low 758 7.99% 668 3.79% 
Yellow perch 

Slow 0.3 
High 

1516 
1137 11.78% 

1336 
1002 5.64% 
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Table 2-8.  Median potential percent population loss estimates for Patuxent River due to 
entrainment of anadromous/semianadromous fish at Chalk Point for all studies.  See text for 
discussion of possible sampling error for some species. 
 

Potential Population Loss Estimates for 1977 
All Larvae Only larvae < 10 mm Entrained 

Species 
Ent. Sum 
(x 1000) 

Ent. Mort.
(x 1000) 

Potential
Pop Loss 

Ent. Sum
(x 1000) 

Ent. Mort. 
(x 1000) 

Potential 
Pop Loss 

All herring & Gizzard shad 448.9 411.2 0.44% 302.1 277.7 0.05% 
Striped bass  egg 57.5 57.5 0.01% 57.5 57.5 0.01% 
Striped bass  larva 854.1 533.8 5.10% 752.1 470.1 1.94% 
White Perch 9,247.6 5,779.8 4.53% 8,625.8 5,391.1 2.26% 
Yellow perch 63.4 39.6 4.30% 55.8 34.9 1.59% 

Potential Population Loss Estimates for 1978 

CBL river data used for Entrainment and River Production Estimates 
All herring & Gizzard shad 2,883.9 2,400.5 2.35% 1,922.7 1,611.5 0.49% 
Striped bass  egg 182.2 182.2 0.01% 182.2 182.2 0.01% 
Striped bass  larva 2,513.2 1,570.8 32.20% 2,201.5 1,375.9 19.02% 
White perch 8,980.8 5,613.0 1.04% 8,335.7 5,209.8 0.64% 
Yellow perch 21.8 13.6 0.33% 19.0 11.9 0.15% 

ANSP 1978 intake data used for Entrainment Estimates and  
CBL river data used for River Production Estimates 

All herring & Gizzard shad 3,027.4 2,437.6 2.49% 2,032.5 1,650.1 0.51% 
Striped bass  egg 0.0 0.0 0.00% 0.0 0.0 0.00% 
Striped bass  larva 29.1 18.2 0.35% 27.1 16.9 0.24% 
White perch 11,314.3 7,071.4 0.93% 10,936.8 6,835.5 0.70% 
Yellow perch 58.4 36.5 0.63% 54.4 34.0 0.38% 

Potential Population Loss Estimates for 1979  

CBL river data used for Entrainment and River Production Estimates 
All herring & Gizzard shad 4,793.3 4,389.6 14.20% 3,209.8 2,949.1 3.36% 
Striped bass  egg 320.8 320.8 0.12% 320.8 320.8 0.12% 
Striped bass  larva 44.3 27.7 7.10% 38.6 24.1 3.79% 
White perch 33,560.0 20,975.0 6.35% 31,138.6 19,461.6 4.13% 
Yellow perch 2,762.8 1,726.7 9.01% 2,409.7 1,506.1 4.55% 

ANSP 1979 intake data used for Entrainment Estimates and  
CBL river data used for River Production Estimates 

All herring & Gizzard shad 27.6 22.2 0.08% 18.4 15.0 0.02% 
Striped bass  egg 0.0 0.0 0.00% 0.0 0.0 0.00% 
Striped bass  larva 17.6 11.0 2.20% 16.4 10.2 1.49% 
White perch 5,111.1 3,194.4 0.75% 4,935.4 3,084.6 0.58% 
Yellow perch 1,445.4 903.4 3.56% 1,344.6 840.4 2.29% 

Potential Population Loss Estimates for 2005 
American shad 43.6 37.7 2.00% 4.9 4.3 0.22% 
River herring 1,567.2 1,249.2 4.31% 427.2 347.6 0.87% 
All herring & Gizzard shad 73,305.0 57,832.3 20.74% 21,527.3 17,277.9 6.46% 
Striped bass  egg 6,159.2 6,159.2 0.23% 6,159.2 6,159.2 0.23% 
Striped bass  larva 1,927.3 1,204.6 20.05% 1,691.6 1,057.2 9.14% 
White perch 25,708.6 16,067.9 2.26% 24,052.4 15,032.8 1.40% 
Yellow perch 1,516.0 947.5 8.32% 1,299.1 811.9 3.97% 

 



- Entrainment of Anadromous/Semianadromous Fish - 

 2-36

 
The highest losses were for striped bass and river herring/gizzard shad larvae.  Striped bass (19% 
potential population loss in 2005) was poorly represented in the sampling and it is possible that 
sampling issues led to less reliable results.  White perch and striped bass are typically considered 
to have similar longitudinal distributions in the estuary (e.g. Lippson et al. 1980) therefore it does 
not seem logical that there would be such a large difference in entrainment impact.  Note for 
example that in 1978, loss estimates based on the CBL river data for striped bass were even 
higher, approximately 31%.  However, the estimates using ANSP data from the intake canal in 
the same year resulted in estimates of only 0.25 %.  It is believed that the estimates based on the 
intake data are more reliable, nevertheless it is clear that sampling and analytical issues can have 
a large effect on the estimates.  This is probably because the intake is located near the lower 
extent of the nursery area and slight differences in conditions can have substantial effects on the 
entrainment rate by shifting the distribution of larvae up or down estuary.  The river 
herring/gizzard shad potential population loss estimates are also high (about 22%); but better 
data, (e.g. data for June, length data and species specific identifications) are really needed to 
obtain reliable estimates.  
 
2.2.5  Long term variations in flow and salinity.  One of the objectives of this project is to 
evaluate how annual variation in environmental conditions might affect population loss estimates 
as required by the withdrawn EPA rule.  Therefore it is useful to look at annual variability in 
salinity and conductivity at the Chesapeake Bay Program station at Eagle Harbor (Station TF1.7) 
over a longer time series and to compare that to conditions during the study years (Table 2-9).  
Note that in one year, 1998, mean conductivities at Eagle Harbor were in the range from 800 to 
1000 µS in April and May.  The corresponding salinities were 0.1 ppt or less.  This is the range 
in conductivities and salinities where Campfield (2004) found the highest larval densities in the 
Patuxent River.  Presumably in an unusually wet year like 1998, high concentrations of white 
perch would also be found down-estuary near Eagle Harbor and close to Chalk Point.  
Conversely in a drought year the distribution would be displaced up-estuary away from Chalk 
Point. 
 
2.2.6  White perch population losses in wet year and dry year scenarios.  Entrainment for a 
wet-year scenario was computed with the 2005 data by assuming that larval densities had been 
shifted down-estuary about 1 km so that densities in the river would be equal to the mean density 
at Stations TP and EP (Station id numbers 1 and 2).  River volumes associated with river 
segments were also increased slightly as a result of shifting segment boundaries down-estuary by 
the same distance.  Table 2-10 shows the comparison of the mean estimates across all study 
years including the hypothetical wet and drought years.  The best estimate for the wet year was 
about 16%, which is far higher than any of the estimates for the other studies.   
 
Computational details for the drought year scenario are Appendix 10 (Table A10-5).  Potential 
population losses for the drought year scenario were less than 1%. 
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Table 2-9.  Mean conductivity and salinity at Chesapeake Bay Program Station TF1.7 near Eagle 
Harbor from 1985 to 2007. 
 

Specific Conductivity (uS) Salinity (ppt) 
  Month   Month 

Year April May June Year April May June 
1985 10,315 11,383 9,735 1985 5.6 6.2 5.2 
1986 5,188 8,498 12,988 1986 2.5 4.5 7.2 
1987 6,703 6,493 13,895 1987 3.4 3.3 7.8 
1988 5,442 5,995 9,147 1988 2.7 3.0 4.9 
1989 4,116 518 1,748 1989 1.9 0.1 0.7 
1990 1,154 4,788 2,054 1990 0.3 2.3 0.8 
1991 4,733 8,233 12,282 1991 2.3 4.3 6.8 
1992 11,350 6,660 11,153 1992 6.2 3.4 6.1 
1993 949 838 3,708 1993 0.3 0.1 1.7 
1994 348 1,195 4,255 1994 0.0 0.3 2.0 
1995 8,718 6,893 9,053 1995 4.6 3.5 4.8 
1996 624 1,071 2,075 1996 0.0 0.2 0.8 
1997 2,168 1,968 2,803 1997 0.8 0.7 1.2 
1998 444 628 2,643 1998 0.0 0.1 1.1 
1999 7,173 8,820 12,665 1999 3.7 4.7 7.0 
2000 4,710 4,375 3,390 2000 2.3 2.1 1.5 
2001 6,250 7,653 4,380 2001 3.2 4.0 2.1 
2002 11,010 10,325 12,392 2002 6.0 5.6 6.9 
2003 1,003 1,655 1,133 2003 0.2 0.7 0.4 
2004 1,487 2,496 3,140 2004 0.5 1.0 1.4 
2005 1,376 4,036 8,638 2005 0.4 1.9 4.6 
2006 5,850 9,333 8,283 2006 2.9 5.0 4.4 
2007 2,205 1,898 8,640 2007 1.0 0.7 4.6 
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Table 2-10.  Summary of population loss estimates for Patuxent River white perch for all studies 
- including simulation for an unusually wet year and a drought year. 
 

White Perch – Population Loss for all larvae  

Percent Loss 
Study 

Ent 
Mort 
Rate 

Ent Mort
(thou) Slow Growth Fast Growth 

Best Est. 
(Median) 

Low 9,248 2.30% 4.55% 1977 ANSP 
High 13,871 3.43% 6.75% 

3.99% 

Low 11,314 0.47% 0.93% 1978 CBL 
High 16,971 0.70% 1.40% 

0.82% 

Low 8,981 0.52% 1.04% 1978 ANSP/CBL 
High 13,471 0.78% 1.56% 

0.91% 

Low 5,111 0.38% 0.75% 1979 CBL 
High 7,667 0.56% 1.12% 

0.66% 

Low 33,560 3.25% 6.40% 1979 ANSP/CBL 
High 50,340 4.83% 9.45% 

5.62% 

Low 25,709 1.14% 2.27% 2005 Kerr (2008) 
High 38,563 1.70% 3.38% 

1.98% 

Low 168,600 9.77% 18.54% Wet Year Scenario 
extrapolated from 2005 High 252,900 14.28% 26.41% 

16.41% 

Low 426 0.11% 0.21% Drought Year Scenario 
extrapolated from 1977 High 639 0.16% 0.32% 

0.19% 

White Perch – Population Loss for Larvae < 10 mm TL 

Percent Loss 
Study 

Ent 
Mort 
Rate 

Ent Mort
(thou) Slow Growth Fast Growth 

Best Est. 
(Median) 

Low 4,313 1.14% 2.27% 1977 ANSP 
High 6,469 1.70% 3.38% 

1.98% 

Low 5,468 0.35% 0.70% 1978 CBL 
High 8,203 0.52% 1.04% 

0.61% 

Low 4,168 0.32% 0.64% 1978 ANSP/CBL 
High 6,252 0.48% 0.96% 

0.56% 

Low 2,468 0.29% 0.58% 1979 CBL 
High 3,702 0.43% 0.87% 

0.51% 

Low 15,569 2.09% 4.15% 1979 ANSP/CBL 
High 23,354 3.13% 6.17% 

3.64% 

Low 12,045 0.70% 1.40% 2005 Kerr (2008) 
High 18,067 1.05% 2.10% 

1.23% 

Low 76,216 5.77% 11.21% Wet Year Scenario 
extrapolated from 2005 High 114,324 8.53% 16.35% 

9.87% 

Low 199 0.05% 0.11% Drought Year Scenario 
extrapolated from 1977 High 298 0.08% 0.16% 

0.09% 
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2.2.7  American shad and river herring equivalent juvenile losses.  The estimates of numbers 
of equivalent juvenile American shad lost appear quite low in comparison to numbers that were 
reared at the Chalk Point Aquaculture center.  The population loss estimates for 2005 ranged 
from 1.1 to 2.9%; equivalent juvenile estimates ranged from about 2 to 6 thousand, median 3.7 
thousand (Table 2-11).  Maryland DNR’s Patuxent River juvenile population estimate (for 
juveniles approximately 35 mm TL) for 2005 was 270,000 of which 160,000 were entrainable as 
larvae (Richardson et al. 2009a; summarized in this document in Table A2-3 in Appendix 2).  
About 100,000 to 450,000 juveniles of each species for American shad and hickory shad were 
reared at Chalk Point each year from 2004 to 2008. 
 
River herring losses were much higher in terms of equivalent juvenile numbers but similar in 
terms of percent population loss.  The best estimate for numbers of equivalent juvenile loss is 
about 72,000, which is still considerably less than numbers of stocked shad. 
 
The discussions at the end of the American shad restoration report for 2008 (Richardson et al. 
2009a) expresses some frustration that Maryland’s restoration project has still not reached 
restoration goals.  In fact the juvenile catch per unit effort for 2008 (1.8 for all juveniles and an 
estimated 0.8 for wild fish) was the lowest since 1998 (Richardson et al. 2009a).  Of course 
recruitment is highly variable and one low year does not make a trend.  Nevertheless it is clear 
that recovery has been slow.  For purposes of this project, a wild component maintained at >80% 
for three consecutive years or more is considered a successfully restored riverine adult 
population.  The percent of the wild component in 2008 was 67%.  Richardson et al. (2009a) 
point to the fact that there is a coastwise problem with American shad which is currently under 
review by the Atlantic States Marine Fisheries Commission.  While each stock has specific 
problems there also appears to be some overarching source of mortality such as increased striped 
bass predation or fishery by catch (ASMFC 2007, Blankenship, 2008).  This circumstance will 
likely lead to continuation of restoration efforts for American shad for a number of years to come 
and Mirant Chalk Point plans to continue participation in the program. 
 
An evaluation of the effect of size on equivalent juvenile losses was made by comparing losses 
for all larvae with losses for small larvae (< 10 mm TL).  American shad are large larvae 
hatching at about 7 mm so they are already close to 10 mm when they hatch.  Median equivalent 
juvenile loss for all larvae was 3,700; while the loss for small larvae was 200; thus the loss for 
small larvae was 5% of the total loss for all American shad larvae that were entrained 
(200/3,700=0.05).  For river herring which are smaller larvae (hatching at about 4 mm TL) the 
equivalent juvenile loss for small larvae was 18%  of the total loss for all river herring larvae that 
were entrained (12,900/72,200=0.18). 
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Table 2-11.  Summary of population loss estimates for Patuxent River for all larvae and for 
smaller American shad and river herring larvae (< 10 mm TL). 
 

All Larvae 

Slow Growth Fast Growth Best Est.  (Median) 

Study 

Ent 
Mort 
Rate 

Ent.  
Mort 

(thou) 

Eq 
Juv

(thou) 
% Pop

Loss 

Ent. 
Mort

(thou) 

Eq 
Juv

(thou) 
% Pop 

Loss 

Ent.  
Mort 

(thou) 

Eq 
Juv

(thou) 
% Pop

Loss 
American Shad 

Low 11 2.4 1.13% 57.6 4.8 2.56% 2005 Kerr (2008) 
High 12 2.7 1.26% 64.4 5.3 2.86% 

35 3.7 1.91% 

River Herring 
Low 1,128 108.8 2.79% 1,224.9 31.8 5.23% 2005 Kerr (2008) 
High 1,262 121.8 3.10% 1,370.1 35.7 5.83% 

1244 72.2 4.17% 

Larvae < 10 mm TL 

Slow Growth Fast Growth Best Est.  (Median) 

Study 

Ent 
Mort 
Rate 

Ent.  
Mort 

(thou) 

Eq 
Juv

(thou) 
% Pop

Loss 

Ent. 
Mort

(thou) 

Eq 
Juv

(thou) 
% Pop 

Loss 

Ent.  
Mort 

(thou) 

Eq 
Juv

(thou) 
% Pop

Loss 
American Shad 

Low 3 0.2 0.16% 14.0 0.2 0.25% 2005 Kerr (2008) 
High 3 0.2 0.18% 15.7 0.2 0.28% 

8 0.2 0.22% 

River Herring 
Low 621 20.3 0.60% 820.0 4.9 1.01% 2005 Kerr (2008) 
High 694 22.7 0.67% 917.2 5.5 1.13% 

757 12.9 0.84% 

 
 
2.2.8 Potential losses for hickory shad based on findings for American shad.  DNR does not 
compute a population estimate for juvenile hickory shad.  Therefore computation of loss as a 
percent of the juvenile population is not possible for hickory shad.  Presumably the same logic 
should apply and losses to hickory shad are expected to be relatively low as well.  However 
stocking of hickory shad in the Patuxent River has been discontinued since restoration criteria 
have been met (see below).  Therefore relative losses could increase because there will now be 
no stocking of juveniles too large to be entrained.  Rather than speculate about the potential for 
entrainment risks it seems best to follow the Maryland DNR monitoring results for returning 
adult hickory shad to see if their population abundance continues to remain acceptable. 
 
The same restoration criterion (80% wild component of returning adults) was set for hickory 
shad.  The wild component exceeded 80% for the last 6 years (from 2003 to 2008) therefore 
DNR considers the hickory shad population in the Patuxent River to be restored.  2007 was the 
last year of stocking.  Of course, about four years after discontinuation of stocking, the 80% wild 
fish criterion ceases to be meaningful.  However DNR has developed an Adult Catch per Unit 
Effort index which can be used to monitor stock abundance in the future.  Mirant Chalk Point 
also plans to continue participation in the hickory shad program by rearing juveniles to stock in 
other rivers which have not recovered yet as requested by MDNR in support of their fishery 
management programs.  
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2.3  Summary of White Perch Simulation Model Results  
 
Dr. Lisa Kerr investigated potential longterm effects of white perch entrainment using a 
simulation model.  The analysis evaluates the population-level impact of a range of entrainment 
population loss estimates for white perch in the Patuxent River.  Spatial structuring within the 
Patuxent River white perch population was incorporated in this analysis.  Prior research 
identified a small proportion of the population consistently remain resident in freshwater over 
their lifetime and a larger proportion exhibit migratory behavior, moving into brackish waters 
and exhibiting more variable dynamics.  Resident and migratory contingents respond differently 
to streamflow conditions, with the migratory contingent dominating in most conditions, but with 
increased representation of residency in dry and drought years.  Using simulation modeling 
thirteen scenarios were considered, assuming various levels of population loss due to 
entrainment at Chalk Point Station.  This summary highlights scenarios which most closely 
correspond to population losses estimated in the entrainment analysis described in Sections 2.2.4 
to 2.2.6.  An analysis of the contribution of smaller larvae (<10 mm TL) to the total loss was also 
conducted.  Simulations were run over a 150 year time period for a series of 500 stochastic 
model runs. The frequencies of drought, dry, normal, and wet conditions were simulated to 
approximate the average frequency of occurrence (drought (11%), dry (23%), normal (39%), and 
wet (27%)) in a 21 year record from the Patuxent River.  
 
Based on the output of the simulation models we calculated population metrics of interest: 
productivity (mean spawning stock biomass, SSB) and stability (coefficient of variation of SSB).  
This summary considers only effects on population productivity; see Appendix 3 for description 
of effects on population stability.  It is simply noted here that entrainment losses had little impact 
on stability and in some scenarios tended to increase stability because it dampens the role of the 
migratory contingent which is naturally more variable. 
 
Table 2-12 summarizes the scenarios considered here.  Scenario 1 is the base scenario; which 
assumed there was no entrainment loss.  Scenario 10 is the “All Larvae” scenario which has 
losses comparable to losses computed in Section 2.2.  Scenario 12 assumes losses of the smaller 
larvae (< 10 mm TL) with no loss of larger larvae.   
 
The final scenario (Scenario 13) assumes a circumstance which was not evaluated in Section 2.2.  
Under this scenario small larvae that are transported well out of the prime part of the nursery 
area (which is found near the salt front – Campfield 2004) are assumed to have a much lower 
probability of survival than larvae which are able to maintain position in the nursery area.  
Ecological experiments in the Patuxent River support this premise.  In 1991 Secor et al. (1995) 
released 6.5 million striped bass larvae which were 6 to 7 mm TL in various locations in the 
Patuxent River.  These larvae were immersed in a dye solution which left a mark on the otoliths 
so they could be identified when recaptured.  While mortalities were high, about 70%  in the first 
3 days, the stocked larvae contributed 10 to 30% of the juveniles in the Patuxent River that year.  
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 However it appeared that none of the larvae stocked in the lower part of the river near Chalk 
Point survived.  The authors believed that these larvae suffered complete mortality due to 
advective down-estuary loss.  In a similar experiment with American shad there seemed to be 
complete mortality of American shad larvae stocked in this part of the river.  No such 
experiments have been done for white perch but it seems reasonable to presume that they would 
suffer a similar fate.  This circumstance is represented in Scenario 13 which assumes that 
entrainment population losses for small larvae are small (due to natural mortality caused by 
advection) and that population losses of large larvae are not reduced as much as for small larvae 
due to their increased ability to move back up-estuary to the primary nursery area.  An alternate 
way of thinking about this last scenario is that there was high advective loss of small larvae and 
little advective loss of large larvae; however, other natural or man made factor(s) (described 
below) acted to reduce population loss due to entrainment of large larvae. 
 
 
Table 2-12.  White perch percent population losses for Patuxent River included in  
four simulation scenarios highlighted in this summary of Dr. Lisa Kerr’s analysis. 
See Appendix 3 for a full set of scenarios. 
 

Entrainment Population Loss 
Scenarios Resident Migrant 

Id description 
Flow 

Condition 
Early
Larva 

Late 
Larva

Juv 
Early
Larva 

Late 
Larva 

Juv 
drought 0% 0% 0% 0% 
dry 0% 0% 0% 0% 
normal 0% 0% 0% 0% 

1 No Entrainment  
 

wet 0% 0% 0% 0% 

drought 0.09% 2% 0.09% 0% 
dry 2% 2% 2% 2% 
normal 2% 2% 2% 2% 

10 Entrainment  
All Larvae 

wet 11% 2% 11% 8% 

drought 0.09% 0% 0% 0% 
dry 2% 0% 0% 0% 
normal 2% 0% 0% 0% 

12 No Entrainment of Large 
Larvae 

wet 11% 0% 0% 0% 

drought 0.5% 0.25% 0.5% 0% 
dry 0.5% 0.5% 0.5% 0.5% 
normal 0.5% 0.5% 0.5% 0.5% 

13 
Small Larvae Near Chalk Point 
Naturally Lost  Due to 
Advection From Nursery 

wet 0.5% 2% 0.5% 2% 
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Table 2-13 summarizes the results for these scenarios.  Results for Scenario 10 indicate that 
losses are higher than one might expect if data were available only from normal or dry years.  In 
such years the data indicate losses of about 2% for each class of larvae. This would lead one to 
expect an overall loss of 4% [ 1-(1-0.02) * (1-0.02) = 0.04 or 4%].  However even though wet 
years have a low frequency (frequency = 27% ); they are influential, resulting in an overall mean 
loss of 10%.  This could hypothetically result in a reduction of SSB from 460 metric tons (mt) to 
about 416 mt.  
 
Results for Scenario 12 suggest that if only small larvae were lost due to entrainment then 
population loss would be reduced to about 5 or 6 %.   
 
Results for Scenario 13 suggest that if most of the small larvae found near Chalk Point are lost 
anyway due to advection out of the nursery area (as indicated by the experimental data) and if 
there were moderate advective losses for large larvae, then population losses would be reduced 
to about 2%.  On the other hand, if there were high advective loss of small larvae but little 
advective loss of large larvae, then partial entrainment protection of large larvae would have the 
same effect.  This could be some “man-made” protection or natural protection related to 
entrainment avoidance by large larvae and juveniles due to their improved swimming ability. 
 
Table 2-13.  Results for five scenarios highlighted in this summary of Dr. Lisa Kerr’s analysis.  
See Appendix 3 for a full set of scenarios. 

 

Scenario Mean SSB (mt) 

Id Description Res. Mig. Sum 

Total 
% 
Loss 

1 No Entrainment Pop. Loss 40 420 460 0% 
10 Entrainment All Larvae 37 379 416 10% 
12 Large Larvae not entrained 39 395 434 6% 

13 
Small Larvae  Losses 
 Primarily Due to Advection 
 From Nursery) 

38 415 453 2% 

 
 

2.4  Analysis Uncertainties 

It is important to re-emphasize that there are significant uncertainties associated with use of the 
2005 data for estimating entrainment since the study was not designed for that purpose.  There 
are also uncertainties associated with the historic studies.  Some of these uncertainties include: 

1. Data for the 2005 and historic studies were only collected in the mainstem of the 
Patuxent River and not in tributaries or inshore.  Significant spawning and nursery habitat 
occur in tributaries and inshore.  Alewife, blueback herring, white perch and river herring 
spawn extensively in tributary streams of the Patuxent River estuary (O’Dell and Mowrer 
1984).  Small larvae hatched in tributaries would not be included in river abundance 
estimates and this could lead to over estimates of fractional population loss estimates.   

2. For the 2005 study and some of the historic studies, no sampling was conducted at the 
Chalk Point intake or discharge canal.  Traditional power plant entrainment studies are 
based on data collected either in close proximity to the power plant intake or at the point 
of discharge.  While each of these sampling locations has advantages and disadvantages 
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such sampling locations have a much higher probability of collecting entrained fish than 
sampling locations such as EH which is located somewhat upriver and offshore from the 
entrance to the intake canal.  Table 2-8 shows 1979 white perch entrainment fractional 
loss estimates from the ANSP study of 0.75% (i.e. less than 1%) and an estimate of a 
6.35% loss from the CBL data.  The primary difference in the 1979 estimates is that the 
ANSP data is based on sampling at the Chalk Point intake while the CBL data estimate is 
based on sampling in the mainstem Patuxent.  It is entirely possible that in 2005 there is a 
similar overestimate of fractional loss estimates for striped bass, white perch and other 
species due to lack of a sampling location in close proximity to the intake even though 
some adjustment (3X) was made to account for that.   

3. For the 2005 study, the sampling frequency and duration were not adequate to provide a 
high level of resolution for entrainment estimates.  Sampling was initiated after spawning 
was already in progress and ended prior to the end of spawning for the anadromous and 
semianadromous species.  While the majority of spawning should have been captured 
there is some uncertainty in the estimates due to the absence of data for entrainable life 
stages that might have been present prior to or after the study and while 1970s data was 
used to fill this gap it may not be representative of current entrainable life stage densities 
during this period.  Similarly, the majority of white perch larvae contributing to 
entrainment loss estimates were extrapolated from data collected on  two sampling dates 
(4/21/05 and 5/3/05) using a (statistical smoothing model, i.e. a GAM).  Sampling at a 
frequency of every other week results in significant uncertainty as a result of lack of data 
to better identify when higher densities appeared at Station EH and how fast they tapered 
off prior to the 5/19/2005 sampling event when few larvae were collected. 
There were somewhat similar problems for the historic studies.  Even though the 
sampling frequency was greater than in 2005, typically most of the larvae that contributed 
to the historic entrainment estimates were collected during two or three sampling events.  
However, since the gap between sampling events was larger in 2005; the resulting 
uncertainty is also larger.  

4. For the 2005 study and historic studies, entrainment survival was not based on site 
specific studies and could have been lower or higher than reflected in this analysis.  This 
analysis used literature values from other studies (e.g. EPRI 2000) and best professional 
judgment to estimate entrainment survival  Reliable estimates of entrainment survival 
require site specific study and the estimates used in this report could have been higher or 
lower than those reflected in the analysis.   

Similarly the analysis assumed that all entrained eggs and larvae were alive and healthy 
when entrained which is unlikely.  A number of entrainment studies conducted for the 
withdrawn Rule to quantify the number of dead eggs and larvae entrained and in some 
cases the numbers were significant (EPRI report in preparation).  Additionally, Chalk 
Point recirculates some water from the discharge back to the intake.  Recirculation might 
result in re-entrainment of larvae and, to the extent entrainment mortality is high, already 
dead entrainable life stages for all these species are being re-entrained.  (Alternatively 
there could simply be a reduction of larval densities at the intake.)   

A combination dye and modeling study done when tempering pumps were in use 
estimated recirculation at about 8 to 18%, evaluated at high slack tide and low slack tide, 
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respectively (ANSP 1983 Volume 1, Chapter IV).  Total flow, including tempering pump 
flow, was about 45 m3/sec.  Flow without tempering pumps is about 30 m3/sec; so 
recirculation under current conditions would be somewhat less.  Recirculation still could 
play role and it adds to the uncertainty of all the studies. 

5. None of the studies included both day and night sampling.  The 2005 study included only 
day sampling.  Some of the historic studies were done in the day and some at night.  In 
order to take diel variation into account, data on diel variation for other species were used 
for all studies.  Any future studies of anadromous/ semianadromous fish entrainment 
should include day and night sampling. 

6. For all studies, for herring species there is uncertainty relative to species composition in 
terms of the important anadromous Alosa species (e.g. American shad and river herring) 
and gizzard shad due to the taxonomic difficulties of differentiating early life stages to 
the species level.  Several lines of evidence were developed that indicated that the 
longitudinal distribution of Alosa species could be represented by white perch in an 
environmentally conservative manner.  Still this is a source of uncertainty.  Also larval 
abundance estimates for American shad were based on population estimates and natural 
larval mortality rates estimated from DNR mark and recapture studies (Richardson et al. 
2009a) which are not typical for entrainment evaluations.  The result is that entrainment 
of the anadromous species of concern could be greater or less than reflected in this 
analysis.  Methods that might be used to differentiate these species should be explored for 
any future entrainment study. 

7. In the 2005 study, for striped bass in particular, the estimates are based on a paucity of 
data as white perch rather than striped bass were the real focus of this study.  Fractional 
loss estimates for that species should be viewed with even greater caution. 

8. Length data were available in 2005 only for white perch.  Lengths of other species were 
extrapolated based on comparative length data from the literature.  No length data were 
available for the historic studies; so lengths for white perch were extrapolated from the 
2005 data; and lengths for other species were based on literature as for 2005.  This adds 
uncertainty in the analysis estimates; but it not clear to what extent the estimates would 
be affected.  The method of estimating percent population loss is expected to be relatively 
robust to errors in length distributions however, obtaining appropriate length data should 
be a priority in future studies. 

As a result of the uncertainties and data limitations resulting from use of data from a source 
waterbody study not designed to provide entrainment estimates, results should be viewed as 
more theoretical rather than actual estimates of current entrainment for these species.  The data 
are considered adequate to document that changes in the Patuxent fisheries communities have 
occurred since prior entrainment studies.  Notably there is evidence of recovery of some 
anadromous and semianadromous species, most likely related to some combination of MDNR 
fishery management policies and natural fishery population fluctuations.  The analysis also 
provides useful information on possible fluctuations in entrainment as a result of inter-annual 
flow variability and the contribution of large versus small larvae to fractional losses that can 
inform the benefits of alternative fish protection screen sizes.  Dr. Kerr’s scenario based analysis 
provides a mechanism for exploring uncertainties in the current and historic studies (additional 
scenarios would be relatively easy to run) and to integrate losses over variable flow conditions, 
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which is probably the largest source of variability in entrainment loss for white perch and other 
anadromous/semianadromous fish.  However, a new study specifically designed to estimate 
Chalk Point entrainment would be required to provide a reliable estimate of current entrainment 
losses for anadromous and semianadromous species and the fractional entrainment losses in the 
Patuxent River resulting from that entrainment.   
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3. Entrainment of Estuarine Forage Fish 
 
The most definitive estimates of estuarine forage fish entrainment losses were based on a study 
conducted by Pepco in 1987.  A summary of that study is provided in Appendix 12.   
PPERD's findings (Teitt 1990) considered the 1987 study and others summarized in the PIC.  It’s 
best estimate of entrainment loss for forage fish (primarily the bay anchovy), expressed as a 
change in numerical production (i.e. as numbers not biomass) of forage fish in the Patuxent 
River, was a 20% decrease; while Pepco estimated percent population decreases up to 10%  
(Teitt 1990).  The two-fold difference in these estimates was due primarily to a difference in 
opinion about the distance down river to the boundary of the affected population which 
constitutes the denominator of these estimates.   
 
PPRP estimates of forage fish loss tended to be higher than revised Pepco estimates which were 
based on a study indicating that juvenile bay anchovy moved up-estuary from Chesapeake Bay 
(MMES 1985, Loos and Perry 1991).  However, subsequent studies of otoliths of bay anchovy 
which preserve a record of their migratory history support the hypothesis of an up-estuary 
migration of young-of-the-year bay anchovy (Kimura et al. 2000).  This suggests that the 
denominator of PPERD fractional loss estimates did not contain the full population of larvae 
contributing to the juvenile population; consequently the prior PPERD estimate may be 
environmentally conservative.   
 
3.1  Current Status of Chesapeake Bay Forage Fish 
 
Historically the 10-20% loss of forage to entrainment was judged significant but relatively 
modest because forage was a plentiful resource.  For example, Summers (1989) estimated that a 
30% loss of forage fish caused by entrainment at Chalk Point might result in 12 to 26% loss of 
predator fish production in the Patuxent River, which varied as a function of species diet.  For 
the Pepco and PPERD estimates, the lost predator production estimated by Summers would be 
reduced by a factor of approximately 0.33 to 0.66. 
 
However, many researchers have hypothesized that circumstances in the Chesapeake Bay estuary 
have changed since the recovery of striped bass in the 1990's which has lead to a shortage of 
forage fish (Hartman 2003).   There is a large literature supporting this view.  The bay anchovy, 
Atlantic menhaden and spot are the primary forage fish in Chesapeake Bay.  They account for 66 
to 99% of the prey of predatory fish excluding age 0 striped bass which feed primarily on 
invertebrates.  There is a shift from bay anchovy to Atlantic menhaden and spot for older 
predators. 
 
Predation by striped bass may be linked to declines in other forage fish such as Atlantic 
menhaden (Uphoff 2009) and various Alosa species including River herring and American shad 
(NOAA 2006;  ASMFC 2007; Aunins and Olney 2009).  There is no definitive proof one way or 
the other on these hypotheses but they are plausible. 
 
The issue was described in a recent article in the Transactions of the American Fisheries Society 
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by Overton et al.  (2009)  as follows: 
The results of coastwide stock assessments suggest that the abundance of 
striped bass in Chesapeake Bay and along the Atlantic coast increased an 
order of magnitude from 5 × 106 to 5.3 × 107 between 1982 and 2003 
(ASMFC 2004). Concurrent with the recovery is an increase in the predatory 
demand they exert on their prey resources. For example, Atlantic coastwide 
striped bass consumption of menhaden increased from 17,900 tons (1982) to 
147,900 tons (1995) (Hartman 2003). Indeed, at the coastwide level, the 
consumption by striped bass has exceeded commercial harvest in terms of 
removals from the menhaden population (Overton 2003). The increase in 
striped bass abundance draws concern that existing prey populations may not 
be able to meet and support the predatory demands of striped bass in 
Chesapeake Bay (Uphoff 2003). Also, predation by the restored striped bass 
population could affect the year-class strength of other fishes in Chesapeake 
Bay (e.g., Tuomikoski et al. 2008). 

 
Overton et al. (2009) also note that in Chesapeake Bay: 

Bay anchovy have become more important for extra-large fish, representing 
between 16.0% and 29.0% of the diet by weight during the spring and 
summer. This increase represents a greater reliance by larger striped bass on 
small pelagic prey. It also suggests a greater ecological connection between 
bay anchovy and striped bass production. 

 
One might argue that a 10 to 20% loss to a plentiful resource might be acceptable while 
continuation of such loss when resources become scarce may not be so acceptable.  However it 
should be pointed out that the measure is arbitrary and driven by the denominator of the 
percentage.  Both predators and game fish are migratory.  Therefore it is preferable to express the 
loss in numbers of individuals or biomass so that comparisons can be made to other relevant 
estimates from the literature or from fishery management plans.  The bay anchovy evaluation 
described below is framed in this way.  Previous studies did not include estimates of production 
forgone which is considered to be an important measure of forage fish entrainment because it 
measures potential losses to higher trophic levels.  These were computed and compared to other 
forage fish losses namely the harvest rates for the other major pelagic forage fish in Chesapeake 
Bay, the Atlantic menhaden. 
 
3.2  Bay anchovy 
 
For the bay anchovy analysis, estimates of equivalent juvenile loss and production forgone 
estimates are computed from the 1987 Chalk Point discharge canal data uncorrected for sampling 
efficiency. There is uncertainty relative to gear efficiency and discharge versus intake 
entrainment estimates.  A study of gear efficiency was attempted at Chalk Point using dyed 
bluegill.  Unfortunately due to hot weather and other conditions the dead bluegill were buoyant 
and tended to float to the surface, which invalidated the random distribution assumption used to 
compute sampling efficiency which reduced the study credibility.  It is unlikely that collection 
efficiency was 100% and in the absence of a basis for estimating efficiency this remains an area 
of uncertainty that could underestimate entrainment using entrainment samples collected in the 
discharge canal.  Studies at Chalk Point included entrainment sampling both at the river near the 
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intake and the discharge and results determined that larval densities in the river near the intake 
were three times greater than at the discharge sampling point.  Such results are not unusual and 
there are longstanding debates as to which location is more reliable for estimating entrainment.  
Arguments in favor of discharge sampling are: (1) Larvae in the discharge are well mixed while 
at the intake densities may be unevenly distributed.  (2) Larvae passing through the cooling 
system are disoriented and less capable of collection device avoidance (a particular concern for 
larger larvae).  (3) Some of the larvae in the intake may be able to avoid entrainment.  The major 
argument for use of intake sampling is that some of the larvae entrained may be lost due to 
mechanical damage in the cooling water pumps or due to predation by invertebrates that colonize 
the cooling water intake structure (a particular concern for offshore intakes with long intake 
tunnels) or by larger fish schooling in front of the intake structure.  This debate remains 
unresolved and it seems likely that actual entrainment lies somewhere between estimates based 
on these two sampling locations.  Since this analysis is based on discharge samples the actual 
estimate could be higher by a factor of 3.3 (Cadman 1988 and subsequent technical 
clarifications). 
 
In the PIC there was a proposal to use a hydrologic model to re-compute bay anchovy 
entrainment rates, but subsequent investigation revealed that this approach was not feasible.  
This idea was explored with Dr. Aaron Adamack.  He had applied a hydrodynamic modeling 
approach to estimate the distribution of bay anchovy in Chesapeake Bay as part of an effort to 
estimate potential population level effects of anoxia on bay anchovy in the main stem of 
Chesapeake Bay (Adamack 2007, Rose et al. 2009).  While he was initially interested, further 
exploration indicated that the hydrologic part of the model was not sufficiently detailed to use in 
a smaller water body such as the Patuxent River.  In addition the movement behavior of bay 
anchovy in the Patuxent River would need to be better understood before his bay anchovy 
movement model could be applied.  Therefore this approach was not pursued. 
 
The approach which was adopted is simply to compute the production forgone in 1987 and to 
compare it to current production estimates.  The assessment follows the following logic: 

• Based on literature of the type noted above (e.g. Overton et al. 2009) documenting 
increased predation, one can assume that the population of bay anchovy in 1987 was 
likely to be greater than the current population; at least it should not be smaller. 

• Estimates of production forgone for 1987 should thus be greater than or equal to current 
losses. 

• That being the case, comparisons of production forgone in 1987 and current river 
production should be environmentally conservative with the stipulation that the estimates 
should be truly comparable.   

• Comparability was assured by using essentially the same methods and model parameters 
for both estimates (i.e. the methods and parameters of Jung 2002 and Jung and Houde 
2004a).   

 
The applicable study period for the Jung and Houde studies used here was 1995 to 1999.  As a 
preliminary step, estimates of equivalent juveniles and production forgone were made using 
computational methods developed specifically for circumstances in 1987 (Loos and Perry 1991).  
The estimates were computed for eggs, small larvae <10 mm and for large larvae and juveniles 
>= 10 mm TL. 
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3.2.1  Overview of data used in the analysis.  This analysis started with estimates from the 
1987 study of numbers of eggs and larvae entrained; the latter were initially enumerated in 1-mm 
lengths bins Loos and Perry (1989).  Length-weight relationships were developed to estimate the 
dry weight from the length.  The dry weight of eggs was available from the literature (i.e. 15.8 
µg per literature summary Jung 2002).  The samples were collected throughout the spawning and 
nursery period from April 7 to October 12 during day and night periods (See Appendix 12 for 
details).  Day and night periods were divided into six time blocks, i.e. six for the day (sunrise to 
sunset) and six at night.  The starting time within time blocks was randomly selected.  Bay 
anchovy eggs hatch in about 24 hours and have a daily spawning cycle so these data were useful 
for estimating egg mortality rates following the approach of Dorsey et al. (1996). 
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Figure 3-1.  Diel time blocks sampled in Chalk Point discharge in 1987. 
 
Length specific larval mortality rates were estimated for the Patuxent River for 1987 based on 
the decline in larval abundance with length integrated over the Patuxent River estuary assuming 
a Pareto mortality model (Loos and Perry 1991), in which mortality per unit length is an inverse 
function of length and the Beyer mortality model in which mortality per day is also an inverse 
function of length (Jung and Houde 2004a).   
 
 
3.2.2  Analytical methods for estimation of equivalent newly transformed post-yolk-sac 
larvae for egg entrainment losses.   The first step of the extrapolation of numbers of eggs 
entrained to equivalent number of juveniles is to estimate the numbers of newly hatched larvae 
which might have survived if the eggs had not been killed by entrainment.  This required an 
estimate of the egg natural mortality rate, which has been shown by other studies to be very high 
(often about 95% or higher) (Ferraro 1980;  Dorsey et al. 1996;  Bassista and Hartman 2005). 
 
Bay anchovy eggs hatch about 24 hours after being spawned and bay anchovy have a daily cycle 
of egg laying which starts after dark.  Egg mortality rates can be estimated by plotting the 
decrease in the number of eggs from the time of peak spawning on one day to the time just 
before spawning begins on the subsequent day (Dorsey et al. 1996).  This approach was used for 
the number of eggs collected in the diel discharge samples. 
 
The natural mortality rate was estimated by fitting the exponential mortality curve  
(Nt = N0 * exp(-z * t), where t = hours and  z in the hourly mortality rate) by nonlinear least 
squares (Figure 3-2). Curve fitting was initiated with the 3rd night sample when egg numbers 
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peaked.  The mortality rate was estimated as 0.129 per hour (12.1% per hour) or 3.096 (95.5%) 
for the 24 hour developmental period. 
 
Eggs collected at the beginning of the hatching period would be expected to suffer the full 24 
hour natural mortality rate; while eggs collected at the end of the hatching period would 
experience virtually no mortality during the remaining time to hatching.   
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Figure 3-2.  Bay anchovy egg natural mortality rate curve for eggs collected at Chalk Point in 
1987. 
 
Inspection of the data plotted in Figure 3-2 suggested that most of the spawning occurred in time 
blocks 9, 10 and 11.  During this period the number of eggs increased as spawning continued.  
Spawning appeared to stop as dawn approached in period 12.  To take this circumstance into 
account, three cohorts of eggs identified by the time block when spawning occurred and tracked 
for survival.  All of the eggs in time block 9 were assumed to be eggs laid in that block.  The 
number of eggs spawned in time block 10 was assumed to be the number of eggs observed in 
time block 10 minus the number of eggs surviving from time block 9.  The number of eggs 
spawned in time block 11 was assumed to be the number observed in time block 11 minus the 
number of eggs surviving from time blocks 9 and 10 (See computations in Table 3-1).  The 
percent composition of the three cohorts determined for time block 11 was assumed to remain 
the same for the remaining time blocks and thus it was possible to determine the number of eggs 
in each block by cohort.  The expected survival rate of eggs in each time block was computed by 
one minus the product of the hourly mortality rate times the time to hatching (i.e. 1-(hourly 
instantaneous mortality rate * time to hatching) (Table 3-2).  The equivalent number of newly 
hatched larvae was then computed by multiplying the expected survival rate by numbers 
entrained by cohort and time block.  The computations are illustrated in Table 3-5 in the results.   
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Table 3-1.  Partitioning of numbers of bay anchovy eggs entrained in each of 12 time block into three cohorts 
identified by the time block in which they were spawned.   
 

Time Block 
  9 10 11 

hourly z 0.129 0.129 0.129 
duration 1.646 1.646 1.646 
stage z 0.212 0.212 0.212 

s 0.809 0.809 0.809 

Est. Num. Ent. 
Time Block 

  9 10 11 
Total Ent 47.0 95.9 119.1 

Cohort 9 47.0 38.0 30.8 
Cohort 10   57.9 46.8 
Cohort 11     41.5    

Estimated Percent Composition of Entrainment by Cohort 
Time Block 

  9 10 11 12 1 2 3 4 5 6 7 8 
Cohort 9 100.0% 39.6% 25.8% 24.5% 24.5% 24.5% 24.5% 24.5% 24.5% 24.5% 24.5% 24.5% 

Cohort 10   60.4% 39.3% 39.0% 39.0% 39.0% 39.0% 39.0% 39.0% 39.0% 39.0% 39.0% 
Cohort 11     34.8% 36.5% 36.5% 36.5% 36.5% 36.5% 36.5% 36.5% 36.5% 36.5%   

  Estimated Percent Composition of Entrainment by Cohort Sum 
Total Ent 47.0 95.9 119.1 91.9 120.6 98.0 46.9 24.1 35.4 22.3 8.3 6.5 716.0 

Cohort 9 47.0 38.0 30.8 22.5 29.6 24.0 11.5 5.9 8.7 5.5 2.0 1.6 227.1 
Cohort 10   57.9 46.8 35.8 47.0 38.2 18.3 9.4 13.8 8.7 3.2 2.5 281.6 
Cohort 11     41.5 33.6 44.0 35.8 17.1 8.8 12.9 8.2 3.0 2.4 207.3 
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Table 3-2.  Computation of survival from the time of collection to hatching for bay anchovy eggs collected at Chalk Point  
by cohort and time block when they were collected.   
 

Time Block 
9 10 11 12 1 2 3 4 5 6 7 8 

  Cohort 9 
Hourly z * 0.129 0.129 0.129 0.129 0.129 0.129 0.129 0.129 0.129 0.129 0.129 0.129 
Hr to Hatch 23.177 21.532 19.886 18.240 16.240 13.886 11.532 9.177 6.823 4.468 2.468 0.823 
z to Hatch 2.985 2.773 2.561 2.349 2.092 1.789 1.485 1.182 0.879 0.576 0.318 0.106 
s to Hatch 5.1% 6.2% 7.7% 9.5% 12.3% 16.7% 22.6% 30.7% 41.5% 56.2% 72.8% 89.9% 
  Cohort 10 
Hourly z   0.129 0.129 0.129 0.129 0.129 0.129 0.129 0.129 0.129 0.129 0.129 
Hr to Hatch   23.177 21.532 19.886 17.886 15.532 13.177 10.823 8.468 6.114 4.114 2.468 
z to Hatch   2.985 2.773 2.561 2.304 2.000 1.697 1.394 1.091 0.788 0.530 0.318 
s to Hatch   5.1% 6.2% 7.7% 10.0% 13.5% 18.3% 24.8% 33.6% 45.5% 58.9% 72.8% 
  Cohort 11 
Hourly z     0.129 0.129 0.129 0.129 0.129 0.129 0.129 0.129 0.129 0.129 
Hr to Hatch     23.177 21.532 19.532 17.177 14.823 12.468 10.114 7.760 5.760 4.114 
z to Hatch     2.985 2.773 2.516 2.212 1.909 1.606 1.303 0.999 0.742 0.530 
s to Hatch     5.1% 6.2% 8.1% 10.9% 14.8% 20.1% 27.2% 36.8% 47.6% 58.9% 

 

* Hourly z      is the instantaneous mortality rate per hour;  
   z to Hatch   is the cumulative mortality rate until hatching; 
   Hr to Hatch is the number of hours remaining until hatching;  
   s to Hatch   is the cumulative percent survival until hatching. 
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3.2.3  Two approaches for computing entrainment losses for bay anchovy larvae.  Two 
approaches were used to compute entrainment losses for bay anchovy larvae.  The first used a 
Pareto length based mortality model in which mortality was assumed to be an inverse function of 
length (Miller 1981; Lo 1985; Loos and Perry 1991).  Mortality was expressed as numbers lost 
per millimeter of growth in total length.  The advantage of this approach is that the parameters 
for this model were fit specifically to bay anchovy in the Patuxent River in 1987 when the 
entrainment study was done.  The disadvantage of this approach is that the model fitting was 
restricted to the larvae and small juveniles.  Therefore future projected losses were restricted to 
equivalent juveniles just above 34 mm TL  (the approximate maximum size of entrainment for 
bay anchovy at Chalk Point). 
 
The second approach tracks the age of the larvae.  Length is computed from age based on 
estimated growth curves and the mortality rate per day is computed as an inverse function of 
length (Jung 2002; Jung and Houde 2004a).  Compared to the Loos and Perry approach there are 
extra steps of converting length to age and then back to length again for computation of 
mortality; however one gains date specificity in the process.  A disadvantage of this approach is 
that the parameters were fit to anchovy data collected in  the main-stem Chesapeake Bay rather 
than the part of the population in the Patuxent River.  Also the growth and mortality parameters 
were for five different years, not 1987.  This last feature could actually be viewed as an 
advantage because a broader range of plausible growth and mortality scenarios is represented.  
Use of this approach allows the production forgone estimates to be projected for the full duration 
of the first year of life when more than 95% of the production over the full life of the anchovy 
occurs (Wang and Houde 1995).  Use of this approach also allows comparison of production 
forgone to published estimates of production in Chesapeake Bay (Jung and Houde 2004a) 
computed by essentially the same methods and with the same growth and mortality parameters.   
 
 
3.2.3.1 Analytical methods using the approach of Loos and Perry 
 
Estimation of entrainment loss of eggs and larvae as equivalent juveniles.  Two 
computational methods were employed for this approach.   For the first method, data were 
grouped into 4 mm length intervals and spreadsheets were used to compute production forgone.  
This permits each step in the computation to be illustrated in tables.  The second computational 
method was to compute losses using the original ungrouped length measurements and to track 
losses on a millimeter by millimeter basis; this was done with a computer program implemented 
in R version 2.7.2, available at cran.r-project.org.  The methods were similar for both 
computational approaches; however there was a small difference described at the end of this 
section.  The spreadsheet method with grouped data facilitates display of the intermediate results 
in tables which is useful for checking results of the computer program for ungrouped data.  
However, this method entails some approximation error related to grouping (described below), 
which is not an issue for the analysis of the ungrouped data. 
 
Estimates of bay anchovy larval entrainment (plus estimates of equivalent newly-transformed 
post-yolk-sac larvae computed from egg losses as described above) were converted to Equivalent 
Loss (EL) for a particular “length cohort” that is entrained.  Each cohort is identified in the 
current analysis as larvae which were entrained in a particular length interval pooled over 
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sampling dates.  The method for computing equivalent loss is a length-based approach as 
developed by (Loos and Perry 1991) and outline here: 

 

ELc = ENTc  SLc       (Eq. 3-1) 
 
Where: 
 

   c =  Ordinal number for cohort (identified as length interval entrained); 
 ELc = equivalent loss at the length of equivalency which for this analysis is set at 34 mm 

which is the approximate maximum length entrained; 
 ENTc  = number of larvae lost due to entrainment for cohort c; 
 SLc = fraction of larvae expected to survive from the length at which they are entrained to 

the length of equivalence. 
 
Survival rates were expressed on a length-specific basis.  The fraction surviving from each 
length interval to the final length of 34 mm TL (SLc) is expressed as the product of survival 
fractions for all of the length intervals through which a fish must pass before reaching the length 
of equivalence.  Thus SL  and EL for a particular cohort would be: 
      SLc = Sc,i_ent * Sc,i+1 *  . . . Sc,i_max-1 ,   and 

 

ELc = ENT,c,i_ent * Sc,i_ent * Sc,i+1 *  . . . Sc,i_max-1  = ENT,c,i_ent * SLc, 

 
where   SLc = survival from the entrained length interval to ELc. 
 i_ent = length interval of entrainment. 
 i_max = maximum length interval at ELc . 
 i_max-1 = next to last length interval. 
 ENT,c,i_ent = number entrained of length interval i_ent.   
 
EL for a particular cohort entrained can be represented more compactly using the product symbol 
as: 
 

ELc  = ENT,c,i_ent  ∏
−

=

1max_

_

i

entii
 Sc,i          (Eq. 3-2) 

Where: 
i =  Ordinal number for length intervals through which a larva would have passed before 

reaching length of equivalence if it had not been killed by entrainment; it ranges from 
the length interval entrained i_ent, through theoretical future lengths, to the maximum 
length interval entrained, i_max–1. 

 

(Above adapted from EPRI 2005) 
 
The larval bay anchovy survival rates were based on the length-based mortality rates computed 
for the Patuxent River by Loos and Perry (1991).  (In this approach mortality is assumed to 
decrease as larvae grow larger; see paper for details.)  The mortality rate per mm (z) was  
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computed as: 
    zL =   a L – β  .        (Eq. 3-3) 
 Where: 

 L is the starting length of a 1-mm length interval, and 
a and β are parameters which were found by non linear regression for two growth rates: 

  growth rate = 3 mm per week: a = 1.7631 and β = 1.0375; 
  growth rate = 4 mm per week: a = 3.4505 and β = 1.3320. 
 
The fractional mortality and survival rates per 1-mm interval were computed as follows: 

fractional survival rate (SL) = e – z
L ;   

fractional mortality rate (M_frac) = 1 – SL.  
 
The fractional survival rates for 4-mm intervals used in spreadsheets were computed at the 
product of the survival rates for each 1-mm interval included in the 4-mm interval.  The first 
interval (Sc,i_ent ) was considered a special case because losses could occur anywhere in the 
interval rather than at the beginning.  The adjusted survival rate for this interval was computed 
following EPRI 2005: 
 

)1ln(
_,

*
_,

_,2 enticS
enticentic eSS +−=     (Eq. 3-4) 

 

See Appendix A in EPRI (2005) for the derivation of this formula. 
 
The flow of these computations is illustrated semi-graphically in Table A11-1 (Appendix 11) 
with arrows between cells showing the source and outcome of each computation.  
 
Sample computations of survival rates for growth rates ranging from 3 to 4 mm per week as 
considered by Loos and Perry (1991) are illustrated in Table 3-3.  Table 3-4 summarizes the 
mortality rate information for 4-mm length intervals from 2 to 34 mm.  With the survival rates in 
this table, one can estimate the number of equivalent juveniles resulting from entrainment losses 
for the various larval length intervals. 
 
As noted in the beginning of this section two computational methods were used to compute the 
equivalent juvenile losses: a spreadsheet method for data grouped into 4 mm length intervals and 
a computer programming method for ungrouped data.  Essentially the only difference between 
these was that S* (which is intended to reduce errors associated with grouping entrainment data ) 
was not necessary for ungrouped data; so it was not used. 
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Table 3-3.  Computation of example survival and mortality rates for larvae in the 2 to 6 and 6 to 
10 mm length intervals assuming growth rates of 3 and 4 mm per week using parameters for  
Equation 3-3.   
 

Survival and mortality rate assuming bay anchovy growth rate = 3 mm per week 
Length interval from 2 to 6 mm TL 

StartLen (mm) 2 3 4 5 
Survival
Product 

Overall 
Frac.Mort. 

Mort 0.8589 0.5640 0.4184 0.3320 
Frac.Mort. 0.5764 0.4311 0.3419 0.2825     
Frac.Surv. 0.4236 0.5689 0.6581 0.7175 0.1138 0.8862 

Length interval from 6 to 10 mm TL 
StartLen 6 7 8 9 
Mort 0.2748 0.2341 0.2039 0.1804 
Frac.Mort. 0.2402 0.2088 0.1844 0.1651     
Frac.Surv. 0.7598 0.7912 0.8156 0.8349 0.4094 0.5906 

(Rates for succeeding length intervals computed in same way) 

Survival and mortality rate assuming bay anchovy growth rate = 4 mm per week 
Length interval from 2 to 6 mm TL 

StartLen (mm) 2 3 4 5 
Survival
Product 

Overall 
Frac.Mort 

Mort 1.3706 0.7987 0.5444 0.4044 
Frac.Mort. 0.7460 0.5501 0.4198 0.3326     
Frac.Surv. 0.2540 0.4499 0.5802 0.6674 0.0442 0.9558 

Length interval from 6 to 10 mm TL 
StartLen 6 7 8 9 
Mort 0.3172 0.2584 0.2163 0.1849 
Frac.Mort. 0.2718 0.2277 0.1945 0.1688     
Frac.Surv. 0.7282 0.7723 0.8055 0.8312 0.3766 0.6234 

(Rates for succeeding length intervals computed in same way) 
 

   Frac.Surv. = Fractional Survival = SL 
   Frac.Mort. = Fractional Mortality = 1 – SL 
 
a There were slight differences in binning methods between Morgantown and Chalk Point studies 
    leading to slight differences in mortality rates used for each study, 
    
 
Table 3-4. Survival rate estimates for bay anchovy for each length interval for growth rates from 
3 to 4 mm per week  (i.e. the individual Sc,i values where i goes from the length interval 
entrained to the length of equivalence – Equation 3-2).    
 

Survival and mortality rate assuming bay anchovy growth rate = 3 mm per week 
Length (mm TL) 2 to 6 6 to 10 10 to 14 14 to 18 18 to 22 22 to 26 26 to 30 30 to 34 
% Survival 11% 41% 57% 66% 73% 77% 80% 82% 

Survival and mortality rate assuming bay anchovy growth rate = 4 mm per week 
Length (mm TL) 2 to 6 6 to 10 10 to 14 14 to 18 18 to 22 22 to 26 26 to 30 30 to 34 
% Survival 4% 38% 58% 70% 73% 81% 85% 87% 
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Production forgone.  Production forgone includes the biomass that might have been produced 
by eggs and larvae entrained at Chalk Point if they had not been killed.  It extrapolates the losses 
up to a given length of bay anchovy taking natural mortality between length classes and age 
classes into account.  The basic method used was first described by (Rago 1984) and was refined 
by EPRI (2005).  Typically the extrapolation is based on ages or life stages of larvae.  In this 
analysis, two approaches are used.  One following the EPRI approach and based on length 
intervals and one following the Jung and Houde approach described in Section 3.2.6 where ages 
are used.   Production forgone was computed in a series of steps.  Equation 3-5 is the step which 
computes the portion which is associated with a given cohort and theoretical future length or age 
interval, referred to below as length/age.   
 

ii

iiiici
ic ZG

ZGWNG
P

−

−−
=

)1)(exp(,
,       (Eq. 3-5) 

 

Where: 
c =  Ordinal number for cohort, i.e. length/age at entrainment 
i =   Ordinal number for length interval or age larva; it ranges from i_ent, the age of 

entrainment, through theoretical future length/ages, to i_max, the maximum 
length/age of the species. 

Gi =  Instantaneous growth rate for length/age  i  = ln( 1, +icW  / icW ,  ) . 

Nc,i =  Entrainment mortality numbers for given cohort identified as the length/age  
entrained (c=i= i_ent);  or 

Nc,i = Nc,i-1   Sc,i-1 , for lengths/ages in the same cohort beyond the length/age 
entrained   (i_ent <  i <= i_max) . 

 

Si-1 = is the fractional survival of the previous age class; it is the exponent of the negative 
instantaneous natural mortality rate S=exp(–Z) . 

iW  = Average weight of individuals at the beginning of length/age  i .  
Zi =  Instantaneous mortality rate for length/age  i . 
 

If the evaluation is for the first stage for a given cohort that is entrained (i-1= i_imp), then a 
special case survival rate S* is used  

  

S* i-1 = 2S i-1 exp( –ln(1+S i-1))  (Adapted from EPRI 2005)   (Eq. 3-6) 
 
 
The production forgone for a given cohort is the sum over all lengths/ages of future loss which 
can be expressed as follows, where the “dot” subscript (.) indicates a sum over that subscript: 
 

Production_forgonec . = ∑
=

max_

_

i

entii
 Production_forgonec,i  

 
The total production forgone for a given year of entrainment is:  

 

Production_forgone. . = ∑
cover

 Production_forgonec .   ,  
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In other words, a simple sum over all cohorts defined by lengths/ages that were entrained during 
the year. 
 
In equation 3.5, the numbers lost due to entrainment mortality, N,  is the only variable which 
varies over cohort; the growth and mortality rates and beginning weights are assumed constant 
for a given length/age.  For simplicity in the spread sheet computations, N is computed first for 
each combination of cohort and future length/stage.  Then the production forgone is computed 
for each value of N.  For larvae, the computations for N are similar to those in the equivalent 
juvenile computations which are illustrated semi-graphically in Table A11-1. 
 
Production forgone was computed for entrainment estimates grouped into 4 mm length intervals 
to illustrate the computations and more precisely for ungrouped data using an R program.   The 
actual algorithms used for both sets of computations were the same except that S* (Equation 3-6) 
(which is a correction for grouping) was not needed for the ungrouped data. 
 
3.2.3.2 Analytical methods using the approach of Jung and Houde 
 
Production Forgone.  Jung and Houde (2004a) estimated production in the whole Chesapeake 
Bay for the complete first year of life from 1995 to 1999.  (Partial estimates up to October were 
also computed for 2000.)   Mortality from April to October (referred to hereafter as summer) was 
estimated as an inverse function of length (based on the allometric relationship proposed by 
Beyer (1989)).  This adaptation of their formula used to compute production forgone indicates 
that the mortality rate was applied to a specific cohort (identified by date and length at 
entrainment) and was evaluated for a specific calendar day: 
 

M(L)c,d  = q*L–1
 c,d

  .       (Eq. 3-7)   

Where: 
 

c =  ordinal number for cohort; 
d = day of evaluation – days after April 15; 
M(L) = the mortality rate per day estimated as an inverse function of length; 
q = a parameter defining length-specific mortality per day M(L); 
L  = total length in mm. 

 
The parameter q is comparable to the Pareto mortality model (Eq. 3-3) of Loos and Perry (1991) 
except that β , the power parameter, was set at 1.  The parameter q is equivalent to the Pareto 
parameter a scaled to the growth rate: 
 

 q =  a / growth rate in mm per day.  
 
Mortality from October to April period (referred to hereafter as winter) was assumed by Jung 
and Houde to be constant. 
 
Length was estimated by the von Bertalanffy growth model.  Jung and Houde used a variant of 
the model which included temperature in addition to the usual parameters.  The temperature used 
was the temperature below the pycnocline in the lower part of Chesapeake Bay.  This was not 
considered applicable for the Patuxent River therefore a usual von Bertalanffy model developed 
in an earlier iteration of the Jung and Houde approach (Jung 2002) was used.  Jung (2002) 
estimated parameters for this growth model for summer and winter periods.  The model is: 
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L(t) = Linf  {1– exp[–k*(t– t 0)]}     (Eq. 3-8) 
 

Where: 
Linf = Mean asymptotic length (mm) of YOY bay anchovy for a given season (summer or 

winter); 
t = Age in days; 
t 0 = Theoretical age in days at which an anchovy would have been zero length. 

 
The initial age on day of entrainment was estimated by the inverse of Equation 3-8.  Subsequent 
ages for daily time steps set at 1 plus the age on the previous day. 
 
Jung and Houde (2004a) computed the biomass of larvae which died due to natural mortality in 
each time step as an intermediate step in the computation of production.  Presumably most of this 
loss would be due to predation by larger predatory fishes so it was termed Contribution to 
Predators (C).  In this adaptation it is referred to as CF, Contribution to Predators Foregone (kg): 
 

CF c,d = ((w c,d+1– w c,d )/2)  * N c,d   * (1-S c,d );
   (Eq. 3-9) 

 

Where: 
w = wet weight (mg); 
N = Number (millions) of hypothetical survivors of natural mortality if larvae had not 

been killed by entrainment following logic in Equation 3-5; 
S = exp( M(L) ), from Eq. 3-7. 
 

Biomass (kg) was computed as: 
B c,d  =  w c,d  * N c,d   ;

     (Eq. 3-10) 
 
and Production Forgone (kg) as: 

PF c,d =  B c,d  – B c,d-1 + CF c,d .
   (Eq. 3-11) 

 
 
Production forgone was computed with a computer program (implemented in R version 2.7.2) 
using a daily time step.  Parameter estimates for each year of the Jung and Houde study were 
treated as a set.    The young-of-the-year (YOY) production forgone was computed through April 
15 in the calendar year after the eggs were laid so as to be comparable to the Jung and Houde 
YOY production estimate for Chesapeake Bay.  Table 3-5 summarizes the parameter estimates 
which were used:  The initial age of entrainment was estimated using the inverse of Equation 3-8 
with length-weight parameters from Jung 2002. 
 
A variant of the Jung and Houde method was also employed.  In this variant the same growth 
and mortality rate estimates were used but production forgone was computed with Rago’s 
equation which has a closer relationship to the Ricker exponential growth model (Ricker 1946) 
which is widely used (e.g. Wang and Houde 1995; Hayes et al. 2007).  This was done by 
substituting Equation 3-5 for Equation 3-11.  In this application, Z was expressed as a mortality 
rate per day i.e. equal to M(L). 
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Table 3-5.  Mortality and growth parameters for bay anchovy used to compute 
production forgone based on the approach for computing young-of-the-year (YOY)  
production of Jung (2002) and Jung and Houde (2004a). 
 

 Mortality Parameters. 
(Jung & Houde 2004a)  von Bertalanffy Growth Parameters (Jung 2002) 

Summer Winter 
Year 

q 
(summer) 

M(L) 
(winter) K Linf T0 K Linf T0 

1995 1.29 0.012 0.0157 68 -0.94 0.0019 99 -5.28 
1996 1.43 0.005 0.0197 70 -0.73 0.0006 194 -9.38 
1997 1.36 0.020 0.0183 66 -0.83 0.0005 196 -9.83 
1998 1.17 0.020 0.0108 83 -1.13 0.0007 181 -8.52 
1999 1.18 0.016 0.0150 60 -1.12 0.0017 109 -5.59 
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3.2.4 Results of bay anchovy analysis. 
 
3.2.4.1 Estimate of numbers and biomass of bay anchovy entrained in 1987.  Table 3-6 
summarizes the estimates of the numbers and biomass of eggs and larvae entrained which were 
then extrapolated to future loss.   
 
 
Table 3-6.  Estimates of Chalk Point entrainment numbers and biomass (dry weight) for bay 
anchovy for length intervals from 2 to 37 mm total length for 1987.   

 

Length  
mm TL 

Number  
Entrained (mil) 

Biomass 
Entrained (kg) 

Eggs 715.99 11.3 
2-5 129.28 2.27 
6-9 56.88 11.11 

10-13 28.48 25.00 
14-17 15.75 39.73 
18-21 11.35 66.21 
22-25 8.06 84.55 
26-29 0.77 14.01 
30-33 0.34 10.39 
34-37 0.16 7.65 

 
 
 
3.2.4.2 Estimate of equivalent newly transformed post-yolk-sac larvae for egg entrainment 
losses.  The equivalent number of newly hatched larvae was computed by multiplying the 
expected survival rate by numbers entrained by cohort and time block as illustrated in Table 3-7.  
Of the 716 million eggs estimated to be entrained 135 might have survived to hatching if they 
had not been killed by entrainment.   
 
For newly hatched larvae the mortality rate 0.053 per hour (64 % during the first 24 hours after 
hatching or 36% survival) estimated by (Dorsey et al. 1996) was used.  Multiplication of the 
numbers of equivalent newly hatched larvae by 36% yields an estimate of 48.5 million 
equivalent newly transformed post-yolk-sac larvae loss due to entrainment of eggs. 
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Table 3-7.  Computation of equivalent post-yolk-sac larvae for bay anchovy eggs entrained at Chalk Point in 1987. 
 

Time Block 
9 10 11 12 1 2 3 4 5 6 7 8 

  Percent Survival to hatch 
Cohort 9 5.1% 6.2% 7.7% 9.5% 12.3% 16.7% 22.6% 30.7% 41.5% 56.2% 72.8% 89.9% 

Cohort 10   5.1% 6.2% 7.7% 10.0% 13.5% 18.3% 24.8% 33.6% 45.5% 58.9% 72.8% 
Cohort 11     5.1% 6.2% 8.1% 10.9% 14.8% 20.1% 27.2% 36.8% 47.6% 58.9%   

Estimated Number Entrained (millions) 
  9 10 11 12 1 2 3 4 5 6 7 8 sum 
Cohort 9 47.0 38.0 30.8 22.5 29.6 24.0 11.5 5.9 8.7 5.5 2.0 1.6 227.1 

Cohort 10   57.9 46.8 35.8 47.0 38.2 18.3 9.4 13.8 8.7 3.2 2.5 281.6 
Cohort 11     41.5 33.6 44.0 35.8 17.1 8.8 12.9 8.2 3.0 2.4 207.3 

  Sum 716.0 
Estimated Number of Survivors if Not Entrained (millions) 

 9 10 11 12 1 2 3 4 5 6 7 8 sum 
Cohort 9 2.4 2.4 2.4 2.2 3.6 4.0 2.6 1.8 3.6 3.1 1.5 1.4 30.9 

Cohort 10   2.9 2.9 2.8 4.7 5.2 3.3 2.3 4.6 4.0 1.9 1.8 36.5 
Cohort 11     2.1 2.1 3.6 3.9 2.5 1.8 3.5 3.0 1.4 1.4 67.4 
  Eq Newly Hatched Larva 134.9 

First Day survival 36.0% 
Eq Newly Transformed Post-Yolk-Sac Larva 48.5 
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3.2.4.3  Estimates of production forgone using the approach of Loos and Perry.  Table  
A11-1 (Appendix 11) shows the computational details for estimation of the number of equivalent 
juveniles due to entrainment of eggs, small larvae (2 to 10 mm TL) and large larvae (10 to 34 
mm TL) for a growth rate of 3 mm per week.  (A similar table for a growth rate of 4 mm per 
week is available on request.)  Table 3-8 compares summary estimates for grouped and 
ungrouped data.  The estimates are not adjusted for sampling efficiency.  The left side of the 
table has the estimates from the spreadsheet calculation with data grouped in 4-mm intervals.  
The right side of the table has the computer program estimates with the original ungrouped data.  
The latter are considered more accurate.  Approximately 72% of the equivalent juvenile loss was 
associated with entrainment of large larvae.  
 
Table 3-8.  Bay anchovy equivalent juvenile losses for Chalk Point in 1987, computed by the 
Loos and Perry (1991) approach, projected to a length of 34 mm TL for entrainment estimates 
grouped in 4 mm length intervals and for the original ungrouped estimates. 
 
 

Estimates for Grouped Data 
Equivalent Juvenile Loss 

 (millions) 

Estimates for Ungrouped Data 
Equivalent Juvenile Loss 

 (millions) 

Length  
mm TL 

growth 
3 mm/wk 

growth 
4 mm/wk Mean. 

growth 
3 mm/wk 

growth 
4 mm/wk Mean 

Eggs 0.31 0.14 0.23 0.31 0.15 0.23 
Small Larva 
< 10 mm TL 6.0 6.2 6.1 7.3 8.7 8.0 
Large Larva 

>=10 mm TL 20.1 24.3 22.2 19.2 24.2 21.7 
Sum 26.4 30.6 28.5 26.7 33.1 29.9 

 
 
 

Tables A11-2 to A11-3 (Appendix 11) summarize the computations of production forgone due to 
entrainment for mortality rates associated with growth rates of 3 mm per week.  (similar tables 
for a growth rate of 4 mm per week are available on request.)  Table 3-9 compares summary 
estimates for grouped and ungrouped data.  
 
Table 3-9.  Bay anchovy production forgone estimates up through the 34 to 37 mm length 
interval for Chalk Point in 1987, computed by the Loos and Perry (1991) approach.  (Future 
losses for larger juveniles and adults are not included.) 
 

Estimates for Grouped Data 
Production Forgone 

 (kg wet wt.) 

Estimates for Ungrouped Data 
Production Forgone 

 (kg wet wt.) 

Length  
mm TL 

growth 
3 mm/wk 

growth 
4 mm/wk Mean 

growth 
3 mm/wk 

growth 
4 mm/wk Mean. 

Eggs 156 66 111 156 68 112 
Small Larva 
< 10 mm TL 2,897 2,699 2,798 3,530 3,759 3,645 
Large Larva 

>=10 mm TL 7,707 6,295 7,001 7,007 8,294 7,650 

Sum 10,760 9,060 9,910 10,693 12,121 11,407 
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The right side of Table 3-9 has the computer program estimates with the original ungrouped data 
which are considered more accurate.  Approximately 67% of the loss was associated with 
entrainment of large larvae. 
 
The difference between estimates for grouped and ungrouped data can be traced to estimates for 
the initial size group entrained.  The grouping adjustment through use of S* (Equation 3-4)  is 
intended to account for the fact  that while the model assumes losses at the beginning of each 
interval this is not true for the first interval were entrainment can occur at any size.  The S* 
adjustment is helpful but it is still an approximation.  While estimates for grouped data are 
considered useful for checking the computer generated estimates and for visualizing the 
computations in tabular form – estimates for ungrouped data will be used for further analysis and 
for the BPJ evaluation. 
 
 
3.2.4.4  Estimates of production forgone using the approach of Jung and Houde.  Estimates 
of young-of-the-year production forgone based on Jung and Houde methods of estimating 
production and using growth and mortality parameter estimates from 1995 to 1999 (Jung 2002,  
Jung and Houde 2004a) are shown in Table 3-10.  The parameter estimates are for the 
Chesapeake Bay and are not specific for the Patuxent River.  Minor differences in the 
computational methods used in this analysis and those of Jung and Houde are described in the 
methods section.  Estimates were not adjusted for sampling efficiency.  Eggs were not included 
in this analysis; however the previous analyses indicated that egg losses were not substantial 
contributors to the production forgone (Table 3-9).  Also entrainment of adult size young-of-the 
year bay anchovy over winter and in the spring was not included.  Historically such losses have 
been considered relatively small and have not been evaluated. 
 
Production forgone was estimated using the Jung and Houde (2004a) approach as published and 
a variant of their method which used the same growth and mortality rates but tallied production 
using the instantaneous growth rate method of Rago (1984).  The latter produced  very similar 
results.  Production forgone estimates based closely on the Jung and Houde method as published 
(and the variant method) ranged from about 9,000 to 18,000 kg (9 to 18 metric tons) with 
approximately 61 to 69 % of the losses associated with entrainment of large larvae.  The overall 
range in estimates are similar to the range of estimates computed using the Loos and Perry 
approach which ranged from 9 to 12 metric tons.  The greater range in estimates based on Jung 
and Houde methods is largely due to inter-year variability in parameter estimates that are 
available in that study. 
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Table 3-10.  Estimates of young-of-the-year bay anchovy production forgone using growth and 
mortality parameter estimates from 1995 to 1999 (Jung 2002,  Jung and Houde 2004a).  The 
estimates are for the Jung and Houde method as published and for a variant of the method which 
includes the Rago (1984) production forgone formulation (Equation 3-5). 

 

Estimates based on Jung and Houde (2004a) 
method as published 
Production Forgone (kg wet wt.) 

Larval Size 

Parameter 
Year 

Small 
<10 mm 

TL 

Large 
>=10 

mm TL All  
1995 4,563 8,236 12,799 
1996 6,940 11,043 17,983 
1997 5,023 8,368 13,391 
1998 3,769 8,304 12,073 
1999 2,816 5,809 8,625 

Estimates based on variant of  
Jung and Houde (2004a) method 

Production Forgone (kg wet wt.) 
Larval Size 

Parameter 
Year 

Small 
<10 mm 

TL 

Large 
>=10 

mm TL All  
1995 4,527 8,217 12,744 
1996 6,902 11,032 17,934 
1997 4,985 8,348 13,334 
1998 3,747 8,302 12,049 
1999 2,782 5,788 8,571 
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3.2.5  Comparison of production forgone in 1987 to current estimates of production in the 
ambient water body 
 

For comparison, total bay anchovy production estimates for the Patuxent River were computed 
as a fraction of the estimate for Chesapeake Bay.  Wang and Houde (1995) estimated that the 
young-of-the-year anchovy production in the upper and middle portions of Chesapeake Bay  was 
216 thousand metric tons (mt) for the 1990 year class.  The volume of the Patuxent River is 652 
million m3 (Cronin and Pritchard 1975) which is 2.59 % of the upper and middle bay volume 
(25,200 million m3).  If it is assumed that overall densities of bay anchovy in the Patuxent River 
are similar to overall densities in upper and middle Chesapeake Bay, then their populations 
would be proportional to the waterbody volume; i.e. the Patuxent River population would be 
2.59% of the upper and middle Chesapeake Bay population.  Total annual production in the 
Patuxent River is estimated to be about 5,600 mt (Table 3-11).  Estimates of production forgone 
by the Loos & Perry / Jung & Houde approaches ranged from 9 to 18 mt.  The upper end of this 
range is about 0.32% of the estimated production for the Patuxent River.  Even if sampling 
efficiency was only 30 % , the losses would be about 1.0% of the Patuxent River production.  
This is far below previous estimates of percent population loss by Pepco (up to 10%) and 
PPERD (best estimate 20%).  
 
By way of additional comparison, Jung and Houde (2004a) estimated young-of-the-year 
bay anchovy production for the whole main stem of Chesapeake Bay varied inter-
annually by a factor of 4, ranging from 167,000 mt in 1996 to 697,000 mt in 2000.   
 
One also needs to recognize that other species, which are relatively unaffected by 
entrainment, contribute to forage fish available to predators.  The bay anchovy, Atlantic 
menhaden and spot are the primary forage fish in Chesapeake Bay (Hartman 2003).  
Anthropogenic losses for Atlantic menhaden may be much higher than for bay anchovy.  
Note, for example, the annual harvest cap for Atlantic menhaden in Chesapeake Bay is 
109,020 mt (ASMFC 2006), which is many orders of magnitude higher than lost 
production of bay anchovy in the Patuxent River.  In this context, it does not appear that 
losses at Chalk Point are a substantial contributor to loss of forage fish for predatory 
game fish. 
 
The large change in perception between the historical losses estimated by Pepco and PPERD (up 
to 20%) and the fractional losses based on production rates of Jung and Houde (< 1.0%) requires 
some exploration of possible causes.  While available data are insufficient to draw firm 
conclusions, it appears that both Pepco and PPERD underestimated the extent of migration of 
large larvae and juvenile bay anchovy into the Patuxent River from Chesapeake Bay.  Figure 3-3 
reprinted from Jung and Houde (2004b) illustrates the expected movement pattern.  Suppose 
these large larvae and juveniles have good swimming abilities and can avoid entrainment.  Since 
most anchovy production is associated with large larvae and juveniles (Wang and Houde 1995), 
losses for these larger larvae and juveniles would be minimal.  While this is believed to be a 
plausible explanation further study would be needed to provide substantiation.  
In any event, the fact remains that when similar methods are employed to estimate production 
forgone and production in the ambient water body, the production forgone estimates are 
considerably less than would be expected from the historical studies. 
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For an alternate view, one could argue that this difference is a function of a difference in the 
goals of the studies.  Both the Pepco and PPERD studies tried to identify a population 
susceptible to entrainment for the denominator.  The population susceptible to entrainment could 
be only a small portion of the population that contributes to production.  So really the difference 
is due to putting the loss into a different context rather than Pepco and PPERD underestimating 
the denominator. 
 
 
 
Table 3-11.  Production estimates for bay anchovy (young-of-the-year and overall total over life) 
for upper and middle parts of Chesapeake Bay and extrapolated estimates for the Patuxent River. 
 

Volume of Water Body   

   m3 106   
 Ches. Bay   
Upper&Mid 25,200 
 Patuxent R. 652   
 Bay Anchovy YOY Production Per Unit volume and YOY Production in Metric Tons 
based on study conducted 1990 to 1991 (Wang and Houde 1995) 

  g/ m3  
 YOY Prod

 (mt wet wt.) Comment 
 Ches. Bay   
Upper&Mid 8.567 215,886 

 Patuxent. R.     5,586 

89% of YOY production occurs within 1st 3 Months  
of Life (Wang and Houde 1995) 

 Bay Anchovy Total Production Per Unit volume and Total Production in Metric Tons 
based on study conducted 1990 to 1991 (Wang and Houde 1995) 

  g/ m3  
Total Prod.
(mt wet wt.) Comment 

 Ches. Bay   
Upper&Mid 9.247 233,014 

 Patuxent. R.     6,029 

Jung and Houde (2004) found 4 fold variation in 
annual YOY Prod. for the whole Chesapeake Bay, 
thus substantial variation expected for Total 
Production in Chesapeake Bay and Patuxent R. 
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       Bay

 
Figure 3-3.  Adapted from Jung and Houde (2004b)  - “Conceptual model representing 
bay anchovy (Anchoa mitchilli) life cycle and ontogenetic migration within Chesapeake 
Bay, and possible immigration of adults from tributaries and coastal ocean.” 
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3.3 Silverside and Goby Species.  No attempt was made to re-estimate population level effects 
of entrainment on silverside or goby species.  The 20% loss of forage fish estimated by PPERD 
and up to 10% loss of forage fish estimated by Pepco (Teitt 1990) includes these species and 
there is no new evidence that the level of entrainment loss has changed.   
 
Table 3-12 summarizes entrainment losses for these species.  These estimates are unadjusted for 
sampling efficiency.  The revised Cadman sampling efficiency estimates (Cadman 1988 and 
subsequent technical clarifications) would increase the estimates by a factor of 3.3. 
 
Table 3-12.  Estimated density, number and dry weight biomass of forage fish entrained at Chalk 
Point Station by diel period in 1987 assuming design flow.  (Biomass estimates not computed for 
goby eggs or silverside species.) 

 

 Day (Total Flow Volume = 302 mil m3) 
 Density (Num./100 m3) Number (mil) Biomass (kg) 

Stage/Length Anchovy Goby Silverside Anchovy Goby Silverside Anchovy Goby 
Eggs 114.8 0.0 0.0 347.3 0.0 0.0 5.5  

1-6 mm 15.7 276.9 0.6 47.4 837.6 1.7 0.7 25.3 
6-10 mm 5.4 35.3 0.6 16.3 106.9 1.8 3.7 31.0 

11-16 mm 0.9 0.4 0.0 2.7 1.1 0.1 3.1 1.7 
16-20 mm 0.3 0.0 0.0 0.9 0.0 0.0 3.4 0.1 
21-25 mm 0.0 0.0 0.0 0.1 0.0 0.0 1.4 0.0 
26-30 mm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 

>30 mm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
All Larvae & Juv 22.3 312.6 1.2 67 946 4 12 59 

 Night (Total Flow Volume = 224 mil m3) 
 Density (Num./100 m3) Number (mil) Biomass (kg) 

Stage/Length Anchovy Goby Silverside Anchovy Goby Silverside Anchovy Goby 
Eggs 164.8 0.0 0.0 368.7 0.0 0.0 5.8  

1-6 mm 36.6 276.8 4.2 81.9 619.2 9.5 1.6 21.2 
6-10 mm 22.4 59.8 5.2 50.0 133.7 11.7 12.5 50.2 

11-16 mm 11.3 5.3 0.6 25.2 11.9 1.4 34.8 17.2 
16-20 mm 6.5 0.1 0.0 14.5 0.2 0.0 63.7 1.2 
21-25 mm 4.8 0.1 0.0 10.7 0.1 0.0 103.9 1.8 
26-30 mm 0.4 0.1 0.0 0.8 0.2 0.0 15.3 5.1 

>30 mm 0.3 0.0 0.0 0.7 0.0 0.0 41.2 1.4 
All Larvae & Juv 82.2 342.2 10.1 184 765 23 273 98 

 Day and Night (Total Flow Volume = 526 mil m3) 
 Density (Num./100 m3) Number (mil) Biomass (kg) 

Stage/Length Anchovy Goby Silverside Anchovy Goby Silverside Anchovy Goby 
Eggs 280 0 0 716 0 0 11.3  

All Larvae & Juv 105 655 11 251 1,711 26 285 157 
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4. Impingement and the Barrier Net System 
 
There is a summary of impingement studies conducted from 1976 to 1999 in the PIC which is 
included in Appendix 12.  Impingement was not re-evaluated for this study because it was 
summarized in a relatively recent publication (Bailey 2005 reprinted in Appendix 13), which 
evaluated the effectiveness of the barrier net for reducing impingement.  It was concluded that 
the net probably reduced impingement for units 1 and 2 by 80%.  Although uncertainty in the 
analysis was acknowledged, it is clear that there was a substantial reduction.  It was also noted 
that impingement is further reduced due to cooling towers on units 3 and 4 and by 
discontinuation of tempering pumps which previously caused high mortality of entrained 
impingeable sized fish (Loos  1987).  (These pumps had pumped water from the intake canal to 
the discharge canal.)  It is safe to conclude that the combination of all these conditions supports a 
determination that the existing cooling water intake structure, which includes use of a barrier net) 
represents BAT for impingement. 
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5. Summary of Effects of Larval Size on Entrainment Losses for Future Compliance 
Planning 
  
It appears an intake technology could provide a significant benefit if required under new 
regulations, if it reduces entrainment mortality for large larvae (Table 5-1).  However, until the 
performance standard is specified whether or not such technology would comply is not yet clear. 
 
Table 5-1.  Entrainment losses with and without protection of large larvae >10 mm TL. 
 

Species 
Entrainment Loss 
Measure 

Patuxent 
River 
Population
Value 

Loss 
All 

Larvae 

Size of 
Larvae

Evaluated
(mm TL) 

Loss If
Large 

Larvae
Protected 

Loss 
Reduction 
(Percent) Source 

American 
shad 

Equivalent Juv. 
35 mm TL 
(individuals) 

270,000 3,700 >= 10 mm 200 ~90% Section 2.2.7 

River 
herring 

Equivalent Juv. 
35 mm TL 
(individuals) 

? 72,000 >= 10 mm 13,000 ~80% Section 2.2.7 

White 
perch 

Simulated Mean 
Spawning Stock 
Biomass (SSB) 
(metric ton-Wet Wt.) 

460 44 >= 10 mm 26 ~40% Section 2.3
Append. 3 

Bay 
anchovy 

Young-of-the-Year 
Production 
(metric ton-Wet Wt.) 

5,600 9 to 18 >= 10 mm 6 to 11 61 to 73% Section 3.2.5 
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6. Summary Evaluation of Entrainment and Impingement Relative to the  
Best Professional Judgment 

 
1. There has been a resurgence in anadromous/semianadromous fish in the Patuxent River 

and Chesapeake Bay (Bailey et al. 2000;  Wood and Austin 2009).  Part of this change 
may be related to climate fluctuations.  Fisheries management was also important 
(Richards and Rago 1999). 

2. Chalk Point participated in recovery efforts for striped bass, American shad, hickory 
shad, yellow perch and Atlantic Sturgeon (Richardson et al. 1990a&b; Appendix 1). 

a. Striped bass have recovered and are no longer stocked. 
b. American shad are partially recovered and are still being stocked in the Patuxent 

River and two other Chesapeake Bay tributary rivers.  Chalk Point is a major 
supplier of young American shad used for stocking. 

c. Hickory shad are recovered in the Patuxent River.  As of 2008 they are no longer 
being stocked there.  They are still being reared at Chalk Point for stocking in 
other Chesapeake Bay tributaries. 

d. Yellow perch were not stocked in the Patuxent River but were stocked elsewhere 
(Wicomico River, tributary to Potomac River). 

e. Atlantic Sturgeon are not currently being stocked but brood stock are being reared 
at Chalk Point for future use. 

3. Chalk Point also contributed to the removal of barriers to migration of anadromous/ 
semianadromous fish with projects partially funded by Chalk Point (Leasner 1999 
included in Appendix 1).   

4. While there have been population increases for anadromous/semianadromous fish, 
population loss estimates due to entrainment are typically estimated to be less than 10% 
(Section 2.2.4), excluding gizzard shad and striped bass.  The striped bass probably did 
not have adequate data to make a credible assessment. 

5. Population loss for white perch varies substantially (from near 0% to 16%) as a function 
of river flow.  High flows push larvae down-estuary closer to the Chalk Point intake 
(Section 2.2.6).   

6. These loss estimates are environmentally conservative because mark-and-recapture 
experiments indicate that larvae of striped bass and American shad released below the 
salt front (but above Chalk Point) have unusually high natural mortality rates and most 
appear to be lost to advection out of the nursery area (Secor et al. 1995; Campfield 2004). 

7. Consideration of overall population level effects on resident and migratory contingents of 
white perch simulated over a 150 year period (including a variety of annual flow patterns 
from drought to wet) found an overall decreased in SSB of about 10% for what was 
chosen to represent present circumstances. (Kerr in Appendix 3).  But this estimate is also 
considered environmentally conservative because it does not include advection of larvae 
near Chalk Point out of the nursery area (Section 2.3). 

8. Entrainment losses for estuarine forage fish is higher than for anadromous/semi 
anadromous fish.  PPERD’s best estimate for entrainment loss (i.e., percent population 
loss for the Patuxent River) for these species was 20% , while Pepco estimated the loss 
was as high as 10% (Teitt 1990). 

9. PPRP estimates of forage fish loss tended to be higher than revised Pepco estimates 
because they were reluctant to accept Pepco’s premise that juvenile bay anchovy moved 
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up-estuary from Chesapeake Bay (MMES 1985).  However, a subsequent study of 
otoliths of bay anchovy which preserve a records of their migratory history support the 
hypothesis of an up-estuary migration of young bay anchovy (Kimura et al. 2000).  This 
suggests that the denominator of the PPERD fractional loss estimates would not contain 
the full population of early larvae contributing to the juvenile population.  This would 
imply that the PPERD estimate is environmentally conservative. 

10. No new studies have been done on entrainment of losses for estuarine forage fish; 
however comparison of new estimates of production forgone with more current estimates 
of production in the ambient water body were instructive.  Production of young-of-the-
year bay anchovy in the upper and middle portions of Chesapeake Bay for the 1990 year 
class was about 216,000 metric tons (Wang and Houde 1995, Section 3.2.5).  Assuming 
that production in the Patuxent River is proportional to production in this section of the 
bay on a per volume basis, production in the Patuxent River was estimated as 5,600 
metric tons.  Young-of-the-year production forgone caused by entrainment at Chalk Point 
was estimated as 9 to 18 metric tons.  There are uncertainties concerning sampling 
efficiency in the discharge canal which could lead to an increase in the production 
forgone estimates by a factor of about 3.3.  Young-of-year bay anchovy production for 
the whole main-stem Chesapeake Bay  ranged from 167,000 to 697,000 metric tons from 
1995 to 2000  (Jung and Houde 2004a).    

11. The barrier net system in combination with cooling towers for Chalk Point units 3 and 4 
and discontinuation of tempering pumps has reduced impingement by over 80% and 
deserves to be considered as Best Available Technology for impingement (Bailey 2000 
Appendix 13). 

12. Considering points 1 to 11, above it appears that the original MDE BTA determination 
for Chalk Point with respect to 316(b) are still valid and the remedies for this 
circumstance including the barrier net and fisheries enhancements appear to be working 
as well as expected. 

13. For future compliance planning it appears that protecting larger larvae (i.e. >=10 mm TL) 
could provide a significant benefit.  However, the extent to which this could fully satisfy 
or play a role is uncertain until revised federal regulatory requirements are issued.  

 
 
 
 



- References - 
 

 7-1

7. References 
 
Adamack, Aaron T.  2007.  Predicting water quality effects on bay anchovy (Anchoa mitchilli) 
growth and production in Chesapeake Bay: linking water quality and individual-based fish 
models.  PhD thesis.  Louisiana State University and Agricultural and Mechanical College. 
 
ANSP  (Academy of Natural Sciences of Philadelphia).  1983a.  Macroplankton and 
Ichthyoplankton.  In: Chalk Point Station 316 demonstration.  Technical reports.  Vol. III. pp 
141-171.  Prepared by Academy of Natural Sciences of Philadelphia, Benedict Estuarine 
Research Laboratory, Benedict, MD.   
 
ANSP (Academy of Natural Sciences of Philadelphia).  1983b.  Impingement.  In: Chalk Point 
Station 316 demonstration.  Technical reports.  Vol. IV. pp 123-196.  Prepared by Academy of 
Natural Sciences of Philadelphia, Benedict Estuarine Research Laboratory, Benedict, MD.   
 
ASMFC (Atlantic States Marine Fisheries Commission).  2006. Addendum I of Amendment 1 to 
the Interstate Fishery Management Plan for Atlantic Menhaden. November 2006 
 
ASMFC (Atlantic States Marine Fisheries Commission).  2007.  Stock Assessment Report No. 
07-01 (Supplement) of the Atlantic States Marine Fisheries Commission. American shad stock 
assessment report for peer review, Volume 1. Washington, D.C. 
http://www.asmfc.org/stockAssessmentReports.htm 
 
ASMFC (Atlantic States Marine Fisheries Commission).  2009.  Atlantic Coast Diadromous Fish 
Habitat: A Review of Utilization, Threats, Recommendations for Conservation, and Research 
Needs, Habitat Management Series #9. Washington, D.C. 
 
Aunins, Aaron, and John. E. Olney.  2009.  Migration and spawning of American Shad in the 
James River, Virginia.  Transactions of the American Fisheries Society 138 (6):1392–1404 
 
Bailey David.  2005.  Effectiveness, operation and maintenance, and costs of  a barrier net 
system for impingement reduction at the Chalk Point Generating Station. Pages 162 to176.  In: 
Proceedings Report. A Symposium on Cooling Water Intake Technologies to Protect Aquatic 
Organisms May 6-7, 2003 Arlington, Virginia.  U.S. Environmental Protection Agency, Office 
of Water & Office of Research and Development, and U.S. Department of Energy, National 
Energy Technology Laboratory EPA 625-C-05-002. March 2005 
 
Bailey, David E., Jules J. Loos, Elgin S. Perry, Robert J. Wood.  2000.  A retrospective 
evaluation of 316(b) mitigation options using a decision analysis framework. Environmental 
Science and Policy, 3 (Supplement 1): S1-S36 
 
Bassista, Thomas, and Kyle Hartman.  2005.  Reproductive biology and egg mortality of bay 
anchovy, Anchoa mitchilli, in the Hudson River estuary.  Environmental Biology of Fishes 
73(1): 49-59. 
 



- References - 
 

 7-2

Beyer, Jan E.  1989.  Recruitment stability and survival: simple size-specific theory with 
examples from the early life dynamics of marine fish.  Dana 7:45–147 
 
Blankenship, Karl.  2008.  American shad's decline a mystery. Despite stocking efforts, fish 
passages and regulations, East Coast population is at all-time low.  Alliance for the Chesapeake 
Bay for the Chesapeake Bay Program.  Bay Journal September 2008. 
http://www.bayjournal.com/article.cfm?article=3394 
 
Cadman, Linda R.  1988.  Evaluation of collection efficiency for entrainment sampling at Chalk 
Point Steam Electric Station.  PPER-CP-88-1, March 1988. 
 
Campfield, Patrick A.  2004.  Ichthyoplankton community structure and feeding ecology in the 
Patuxent River estuarine transition zone.  M.Sc. thesis, Marine Estuarine and Environmental 
Sciences Program, University of Maryland, College Park, MD. 
 
Cronin, William B. and Donald W. Pritchard.  1975.  Additional statistics on the dimensions of 
the Chesapeake Bay and its tributaries: cross-section widths and segment volumes per meter 
depth. CBI Spec. Rep. 42 Johns Hopkins University, 475 pps.  
 
Dorsey, Suzanne E., Edward D. Houde, and John C. Gamble.  1996.  Cohort abundances and 
daily variability in mortality of eggs and yolk-sac larvae of bay anchovy, Anchoa mitchilli, in 
Chesapeake Bay. Fishery Bulletin 98:257-267. 
 
EPRI (Electric Power Research Institute).  2000.  Review of Entrainment Survival Studies: 
1970–2000, EPRI, Palo Alto, CA: EPRI Report. 1000757. 
 
EPRI (Electric Power Research Institute).  2004.  Extrapolating impingement and entrainment 
losses to equivalent adults and production foregone. EPRI, Palo Alto, CA. EPRI Report 
1008471 
 
EPRI (Electric Power Research Institute).  2005.  Parameter development for equivalent adult 
and production foregone models. EPRI, Palo Alto, CA: 2004. EPRI Report 1008832. 
 
Ferraro, Steven P.  1980.  Daily time of spawning of 12 fishes in the Peconic bays, New York. 
Fishery Bulletin, U.S. 78(2): 455–464 
 
Hartman, Kyle. J.  2003.  Population-level consumption by Atlantic coastal striped bass and the 
influence of population recovery upon prey communities. Fisheries Management and Ecology 
10(5):281–288. 
 
Hayes, Daniel B., James R. Bence, Thomas J. Kwak, and Bradley E. Thompson.  2007.  
Abundance, biomass, and production estimation. Pages 327-374 in C.S. Guy and M.L. Brown, 
editors. Analysis and interpretation of freshwater fisheries data. American Fisheries Society, 
Bethesda, Maryland. 
 



- References - 
 

 7-3

Jung, Sukgeun.  2002.  Fish community structure and the spatial and temporal variability in 
recruitment and biomass production in Chesapeake Bay. PhD Thesis.  University of Maryland. 
 
Jung, Sukgeun,  and Edward D. Houde.  2004a.  Production of bay anchovy Anchoa mitchilli in 
Chesapeake Bay: application of size-based theory.  Marine Ecology Progress Series 281:217-232 
 
Jung, Sukgeun, and Edward D. Houde.  2004b.  Recruitment and spawning-stock biomass 
distribution of bay anchovy (Anchoa mitchilli) in Chesapeake Bay.  Fishery Bulletin 102:63–77. 
 
Kerr, Lisa A.  2008.  Cause, consequence, and prevalence of spatial structure of white perch 
(Morone americana) populations in the Chesapeake Bay. PhD Thesis.  University of Maryland. 
 
Kerr, Lisa A., Steven X. Cadrin and David H. Secor.  In Press.  The role of spatial dynamics in 
the stability, resilience, and productivity of an estuarine fish population. Ecological Applications. 
 
Kimura, Ryo, David. H. Secor, Edward D. Houde and Philip M. Piccoli.  2000.  Up-estuary 
dispersal of young-of-the-year bay anchovy Anchoa mitchilli in the Chesapeake Bay: inferences 
from microprobe analysis of strontium in otoliths. Marine Ecology Progress Series 208, 217-227. 
 
Leasner, Larry (Maryland Fish Passage Program).  1999.  Memorandum to Rich Mclean (Power 
Plant Research Program) dated March 10 1999. 
 
Limburg, Karin E., and Robert M. Ross.  1995.  Growth and mortality rates of larval American 
shad, Alosa sapidissima, at different salinities. Estuaries 18: 335-340. 
 
Lippson, Alice J., Michael S. Haire, A. Frederick Holland, Fred Jacobs, Jorgen Jensen, R. Lynn 
Moran-Johnson, Tibor T. Polgar, William A. Richkus.  1980.  Environmental Atlas of the 
Potomac Estuary. Environmental Center, Martin Marietta Corp. Prepared for Power Plant Siting 
Program, Maryland Dept. of Natural Resources.280 pp. 
 
Lo, Nancy C. H.  1985. Modeling life-stage-specific instantaneous mortality rates, an application 
to northern anchovy, Engraulis mordax, eggs and larvae.  Fishery Bulletin 84(2):395-406. 
 
Loos, Jules J.  1986.  Evaluation of benefits to Pepco of Improvements in the barrier net and 
intake screens at Chalk Point Station between 1984 and 1985.  Potomac Electric Power 
Company.  Environmental Affairs Group, Potomac Electric Power Company, Washington DC. 
 
Loos, Jules J.  1987.  Chalk Point Station intake liability values computed after deployment of a 
second barrier net at the mouth of the intake canal and after discontinuation of auxiliary 
tempering pump usage.  Environmental Affairs Group, Potomac Electric Power Company, 
Washington DC. 
 
Loos, Jules J., and Elgin S. Perry.  1989.  Evaluation of Forage Fish Entrainment at Chalk Point 
Station.  Appendix A.  Of:  Mitigative Alternatives for entrainment losses at the Potomac 
Electric Power Company Chalk Point Station.  Environmental Affairs Group, Potomac Electric 
Power Company, Washington DC.   



- References - 
 

 7-4

 
Loos, Jules J., and Elgin S. Perry.  1991.  Larval Migration and Mortality Rates of Bay Anchovy 
in the Patuxent River.  In: Larval fish recruitment and research in the Americas: proceedings of 
the thirteenth annual larval fish conference; 21-26 May 1989, Merida, Mexico (Robert D. Hoyt, 
ed.) NOAA Technical Report NMFS 95: 65-76.    
 
Mihursky, Joseph. A., Kathyrn V. Wood, S. Kerig, and Eileen M. Setzler-Hamilton.  1980.  
Chalk Point Steam Electric Station Studies - Patuxent Estuary Studies, Ichthyoplankton 
Population Studies, 1979 Final Report, Chesapeake Biological Laboratory, Univ. of Maryland, 
CP-80-7, April 1980  
 
Miller, Rupert G.  1981.  Survival analysis.  John Wiley & Sons, N.Y, 238 p. 
 
MMES (Martin Marietta Environmental Systems).  1985.  Impact assessment report: Chalk Point 
Steam Electric Station aquatic monitoring program.   Prepared for Maryland Power Plant Siting 
Program.  Annapolis MD. 
 
Newberger, Timothy A. and Edward D. Houde.  1995.  Population biology of bay anchovy 
Anchoa mitchilli in the mid Chesapeake Bay.  Marine Ecology Progress Series  116:25-37 
 
NOAA (National Oceanic and Atmospheric Administration).  2006.  Endangered and Threatened 
Species; Revision of Species of Concern List, Candidate Species Definition, and Candidate 
Species List.  Federal Register / Vol. 71, No. 200 / Tuesday, October 17, 2006 / Notices: 61022-
61025.   
 
North, Elizabeth W., and Edward D. Houde.  2003.  Linking ETM physics, zooplankton prey, 
and fish early-life histories to striped bass Morone saxatilis and white perch M. americana 
recruitment.  Marine Ecology Progress Series 260:219-236. 
 
O’Dell, Jay and James Mowrer.  1984.  Survey and Inventory of Anadromous Fish Spawning 
Streams and Barriers in the Patuxent River Drainage: Final Report: July 1, 1980-June 30, 1983. 
Completion Report, Project AFC-10. [GEN 84-0033] (4321). 
 
Polgar, Tibor T., J. Kevin Summers and Michael S. Haire.  1979.  Evaluation of the effects of the 
Morgantown SES cooling system on spawning and nursery areas of representative important 
species.  Prepared for Maryland Department of Natural Resources, Power Plant Siting Program, 
by Martin Marietta Environmental Center, Baltimore, MD.  Report No. PPSP-MP-27. 
 
Potter, Jeanne M.  1984.  Entrainment survival of naked goby and silverside larvae at the Chalk 
Point Station.  Environmental Affairs Group, Potomac Electric Power Company. Washington 
DC.  31 pp. 
 
Richards, R. Anne, and Paul J. Rago.  1999.  A Case History of Effective Fishery Management: 
Chesapeake Bay Striped Bass North American Journal of Fisheries Management 19:356–375. 



- References - 
 

 7-5

 
Richardson, Brian M., Charles P. Stence, Matthew W. Baldwin and Christopher P. Mason.  
2009a. American shad restoration in three Maryland rivers F-57 Segment 9 Progress Report 
[through 2008]  F-57 Segment 9 Progress Report, Maryland Department of Natural Resources, 
June 23, 2009. 
http://www.dnr.state.md.us/fisheries/recreational/hatchery/shadrestoration.html 
http://www.dnr.state.md.us/fisheries/recreational/hatchery/Final2008F-57Americanshadprogressreport.pdf 
 
Richardson, Brian M., Charles P. Stence, Matthew W. Baldwin, and Christopher P. Mason.  
2009b.  hickory shad restoration in three Maryland rivers F-57 Segment 9 Progress Report 
[through 2008]  F-57 Segment 9 Progress Report, Maryland Department of Natural Resources, 
June 23, 2009. 
 
Ricker, William E.  1946.  Production and utilization of fish populations.  Ecological 
Monographs 16:373-391. 
 
Rago, Paul J.  1984.  Production foregone: an alternative method for assessing the consequences 
of fish entrainment and impingement losses at power plants and other water intakes.  Ecological 
Modelling 24:79-111.  
 
Rose, Kenneth A., Aaron T. Adamack, Cheryl A. Murphy, Shaye E. Sable, Sarah E. Kolesar, J. 
Kevin Craig, Denise L. Breitburg, Peter Thomas, Marius H. Brouwer, Carl F. Cerco, Sandra 
Diamond.  2009.  Does hypoxia have population-level effects on coastal fish? Musings from the 
virtual world.  Journal of Experimental Marine Biology and Ecology 381:S188-S203. 
 
Secor, David H., Edward D. Houde and Doreen M. Monteleone.  1995.  A mark-release 
experiment on larval striped bass Morone saxatilis in a Chesapeake Bay tributary ICES Journal 
of Marine Science: Journal du Conseil 52(1):87-101 
 
Setzler, Eileen M., Kathyrn V. Wood, Diane Shelton, George Drewry and Joseph A. Mihursky.  
1979.  Chalk Point Steam Electric Station studies. Patuxent estuary studies. Ichthyoplankton 
population studies. 1978 Data Report. Univ. of Md., Chesapeake Biological Laboratory. Ref. No. 
UMCEES 79-20-CBL- Solomons, Md. 110 pp . 
 
Summers, J. Kevin.  (1989)  Simulating the indirect effects of power plant entrainment losses on 
an estuarine ecosystem.  Ecological Modelling 49:31-47. 
 
Teitt, James M.  1990.  Maryland Power Plant and Environmental Review Division (PPERD),  
Letter to John  Veil, Maryland Department of the Environment (MDE). 
 
Tuomikoski, Jack E., Paul J. Rudershausen, Jeffrey A. Buckel and Joseph E. Hightower.  2008.   
Effects of Age-1 Striped Bass Predation on Juvenile Fish in Western Albemarle Sound.  
Transactions of the American Fisheries Society 137:324–339. 
 
Uphoff Jr., James H.  2003.  Predator–prey analysis of striped bass and Atlantic menhaden in 
upper Chesapeake Bay.  Fisheries Management and Ecology 10(5):313–322  
 



- References - 
 

 7-6

Uphoff, Jr., James.  2009.  An Examination of Fishing and Striped Bass Predation Effects on 
Menhaden.  Slides for a web conference for the Atlantic Menhaden Research Program,  
re: determination of determination of removal of menhaden by predators. May 20, 2009. 
http://chesapeakebay.noaa.gov/menhadenresearchprogram.aspx 
 
Wang, Shyh-Bin. and Edward D. Houde.  1994.  Energy storage and dynamics in bay anchovy, 
Anchoa mitchilli. Marine Biology 121: 219-227. 
 
Wood, Robert J., and Herbert M. Austin.  2009.  Synchronous multidecadal fish recruitment 
patterns in Chesapeake Bay, USA.  Canadian Journal of Fisheries and Aquatic Science 66(3): 
496–508 
 
Wood, Simon N.  2006.  Generalized Additive Models: An Introduction with R. CRC/Chapman 
& Hall. 
 
Young, John R., William P. Dey, Steven M. Jinks, and David T. Mosier.  2009.  Survival of 
striped bass entrained into the cooling systems of two Hudson River power stations. North 
American Journal of Fisheries Management 29:1015–1034. 
 



Appendix 1 

 A1-1

Appendix 1.  Summary of key facts related to restoration efforts by Chalk Point. 
 
A1.1  Rearing fish to facilitate restoration projects by Maryland DNR. 
 
The species and number of fish reared at Chalk Point are primarily determined by requests from 
Maryland DNR (MDNR).  Table A1-1 summarizes the number of fish which were reared at 
Chalk Point to facilitate fishery restoration efforts in Maryland.  
 
Initially striped bass was the focus of attention.  In the mid 1980’s, the striped bass population 
along the Atlantic Coast was severely depleted.  The fishery enhancement projects were 
undertaken as part of larger fisheries restoration efforts by the MDNR, the US Fish and Wildlife 
Service and the Atlantic Marine Fisheries Commission.  The restoration efforts included 
imposition of a ban on striped bass fishing in 1985 and the stocking of over 11 million tagged 
striped bass along the East Coast (primarily in Chesapeake Bay) (Upton and Mangold. 1996).  
Chalk Point reared over 3 million striped bass.  These were stocked primarily in the Patuxent 
River (Willenborg 1998) but other tributary rivers in Chesapeake Bay were also stocked.  It 
should be noted that Special Condition P of the modified NPDES permit to compensate for 
entrainment losses contemplated production of 200,000 striped bass per year over the seven year 
requirement or a total of 1.4 million striped bass and that well over double this amount were 
produced at the Chalk Point Aquaculture Center. 
 
In the 1990’s, the MDNR focus shifted to American shad and Hickory shad.  This was in support 
of MDNR efforts to restore this species in the Patuxent River, Choptank River and a Marshyhope 
Creek (Richardson et al. 2009a&b).  The program consists of stocking of larvae and juveniles 
and both are considered equally important.  Mirant supports the restoration efforts by rearing the 
juveniles.  From 1994 to 2008, a total of approximately 4 million juvenile American shad and 6 
million juvenile hickory shad were stocked by MDNR.  Of these, Chalk Point reared 
approximately 2.4 million American shad and 2.0 million hickory shad. 
 
Rearing of Atlantic sturgeon is also considered to be important although few have been stocked 
thus far.  The following excerpt from the MDNR web site describes the effort. 
http://www.dnr.state.md.us/fisheries/recreational/hatchery/hatsturgeon.html  
. “DNR has been rearing a captive population of sturgeon since 1996. Mirant Mid-Atlantic LLC 
cultures approximately half of the captive stock at their Chalk Point Aquaculture Facility. Our 
long-term goal is to develop these fish into brood stock. Currently Mirant has approximately 50 
sturgeon. The largest fish are beginning to reach sexual maturation. The Atlantic States Marine 
Fisheries Commission (ASMFC) Breeding and Stocking Protocol (ASMFC SR #22) contains 
guidelines for jurisdictions attempting restoration. The sturgeon currently under culture at Chalk 
Point are primarily the progeny of Hudson River stock collected and spawned by the US Fish & 
Wildlife Service Northeast Fishery Center National Fish Hatchery in Lamar, Pennsylvania.” 
 
The Bay Journal (Blankenship 2003) also has a very good description of the project and Mirant’s 
participation.  As of 2008, Chalk Point had 30 Atlantic sturgeon of the 1998 sturgeon year class 
and about 175 from 2005, 2006, and 2007. 
 



Appendix 1 

 A1-2

Other species reared at the facility include largemouth bass and yellow perch.  The latter were 
reared primarily for stocking in the Allen’s fresh part of the lower Potomac River system which 
has an historic yellow perch fishery. 
 
 
 
 
Table A1-1.  Aquaculture production at the Chalk Point aquaculture facility.  Source: Timothy. 
Klares and Pilantana Anderson, Mirant Chalk Point, personal communication. 
 

Year 
Striped  
Bass 

Yellow  
Perch 

American 
Shad 

Hickory 
Shad 

Atlantic 
Sturgeon 

Largemouth  
Bass 

1985 34,525           
1986 76,872           
1987 383,128           
1988 268,545           
1989 302,266           
1990 261,786 41,400 3,500       
1991 293,391 55,100 800       
1992 448,747   8,000       
1993 765,486   92,500       
1994 479,173   104,400       
1995 180,237 26,900 117,000       
1996   12,700 289,154 20,772 1,000   
1997   3,796 96,435 35,983     
1998 129,372 4,500 33,611 31,979   600 
1999   1,000 125,760 4,703   5,267 
2000 8,600 4,340 118,319 66,914   7,887 
2001 77,929 75,900 133,346 93,645   19,529 
2002 6,000 52,900 206,700 101,112     
2003   116,550 107,685 110,550     
2004   78,000 59,768 130,398     
2005     120,386 418,500     
2006     442,000 286,154     
2007     268,000 227,500     
2008     285,000 450,000     

Total 3,716,057 473,086 2,612,364 1,978,210 1,000 33,283 
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A1.2 Cooperation in efforts to remove barriers to fish migration in the Patuxent River 
watershed. 
 
As part of the 1991 NPDES permit modification of Chalk Point Station, Pepco was required to 
provide funds for education and restoration relating to the Patuxent River in annual $100,000 
increments over a seven year period.  Approximately $575,000 was spent on the stream 
restoration work; most of which was used to remove barriers to anadromous fish migration.  The 
work is described in a memorandum from Larry Leasner (Maryland Fish Passage Program) to 
Rich Mclean (Power Plant Research Program) dated March 10 1999, which is reprinted below.  
Figure A1-1 shows the location of projects.   
 
The Chesapeake Bay Program Fish Passage Work Group has a data base of virtually all the 
barriers to fish migration in the Patuxent River (and other Bay tributaries) and it includes current 
information including recent visits to barriers listed for the Patuxent River.  This updates the 
historic work done by Jay O’Dell (O’Dell and Mowrer 1984).  Information on the program can 
be found at: http://www.chesapeakebay.net/fishpassage.aspx?menuitem=14762  
and http://www.dnr.state.md.us/fisheries/articles/fishpassage02.html . 
 
No attempt was made to evaluate the effect of the restoration on population levels of anadromous 
species.  Intuitively one would expect population increases in species which use small stream 
spawning habitats; these species include white perch, yellow perch, blueback herring and alewife 
(O’Dell and Mowrer 1984).  Alewife in particular is known for spawning in small streams 
(ASMFC 2009 Chap. 4) where they swim up-stream as far as they can go.  Yet despite 
restoration efforts, this species (along with blueback herring) seems to be undergoing a coast-
wide population decrease, so much so that they were listed as Species of Concern by the 
National Marine Fisheries Service (NOAA 2006), which is all the more reason to ensure that 
their spawning habitats are restored (ASMFC 2009 Chap. 6 & 11).  
 
 

MEMORANDUM 
 
To: Rich McClean 

From: Larry Leasner 

Subject: PEPCO Funds 

Date: March 10, 1999 

In response to your inquiry about the status of the PEPCO fish passage projects, I’ve put together 
the following: 

One hundred and thirty-three blockages have been identified in the Patuxent River drainage 
basin and added to the to the fish passage database.  All the blockages are located on tributary 
streams. There are not any blockages on the River’s mainstem until traveling upstream to the 
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Rocky Gorge dam, just above I-95.  Because there are not any large expensive fish passage 
projects on the mainstem, we’ve been working on fishways at blockages on the tributary streams.  
Please be aware that we have not taken one dollar of these funds for administrative costs.  One 
hundred percent of the expenditures have been for blockage removal, or for design and 
construction of fishways.  The status of the projects is listed below: 

• Western Branch dam, just below Route 214.  Breached 1994, reopened 4.0 miles 
of stream.  PEPCO cost: I cannot locate the invoices, but the contractor’s fee was 
not more than a couple of thousand dollars. 

• Horsepen Branch dam, near Bowie racetrack.  Removed 1995, reopened 10 miles 
of stream spawning habitat.  PEPCO charge: $8,950 plus design (see below). 

• Evergreen Road culvert, Towsers Branch.  Culvert replaced 1995, reopened 0.4 
miles of stream.  Replacement was cheaper than the fishway if one considers 
maintenance.  Fifty-fifty cost share with Anne Arundel County, the culvert’s 
owner.  PEPCO share: $53,162. 

• Waugh Chapel Road culvert, Towsers Branch.  Fishway completed 1998, 
reopened 1.2 miles of stream.  Fifty-fifty cost share with Anne Arundel County, 
the culvert’s owner.  PEPCO share: $61,461. 

• Capitol Raceway Road culvert, Towsers Branch.  Replace culvert and provide 
downstream fishway 1999 (90% complete as of this date).  Another fifty-fifty cost 
share with Anne Arundel County, the culvert’s owner.  PEPCO share: 
$98,500.Dorsey Run stream relocation and wetlands recreation.  PEPCO funds 
will provide $70,000 to relocate the stream around the dam as part of an overall 
stream restoration and wetlands recreation.  EPA and another mitigant are 
providing the remaining funds.  Completion: summer, 1999. 

• Range Road culvert, Midway Branch.  Design completed 1998, $37,190.  
Construction scheduled for summer, 1999.  Estimated construction cost: 
$144,000. 

• Andrews Miller & Associates.  Design three small fishways at: Croom Station 
Road culvert, Charles Branch; Evergreen Road, Towsers Branch; and Sands Road 
culvert, unnamed tributary.  PEPCO cost: $28,155. 

• H & M Engineering.  Design three small fishways at: Western Branch dam, below 
Route 214; Brickhead Road culvert, Towsers Branch; and  Horsepen Branch dam.  
PEPCO cost: $12,950. 

• CSX railroad culvert, Dorsey Run.  Scheduled for 1999.  Estimated cost: $70,000. 

• Miscellaneous: $8,250 for three Alaskan Steeppass fishway sections for use at the 
CSX culvert on Dorsey Run.  Some other materials/supplies were purchased at a 
nominal cost. 
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The total expenditures PEPCO fishway expenditures to date have been about $522,618 (includes 
the Capitol Raceway Road project which hasn’t yet been invoiced to us, but the work is 90% 
complete).  In addition, back around 1994 or so, $125,000 of the PEPCO funds went to MDE, 
and an additional sum went to them in 1998, but I don’t have the figures.  The CSX culvert will 
cost an additional $70,000.  In summary, I think most of the funds will have been expended by 
the end of this year.  If we run a little over one of this summer’s projects, I’ll make up the 
difference with other funding. 

Mitigation funds in general are invaluable to the Fish Passage program.  We only get a small 
operating budget via general funds; therefore, all funding for design, construction, biological 
studies, and any other activity comes from mitigation settlements or federal grants.  I also use the 
mitigation funds as most of the 50% state match required for our federal Fish Passage grants.  
Because we are leveraging the mitigation funds as match, it is a literal statement to say that the 
Fish passage program could not exist without it.
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Figure A1-1.  Location of restoration projects designed to remove barriers to fish migration 
which were funded in part by Pepco, the previous owner of Chalk Point.  Other features 
referenced in Appendix 1 are also included.  Rocky Gorge Reservoir which is the ultimate barrier 
for migration in the main stem of the Patuxent River is at River km 131; Chalk Point Station is 
approximately at River km 42.  There are also spawning habitats in tributaries below Chalk Point 
but the restoration been focused up-estuary.  
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Appendix 2.  Data from Maryland DNR’s American shad and hickory shad restoration 
program used in the evaluation of entrainment of these species at Chalk Point. 
 
This appendix includes a brief summary of studies done by the Maryland Department of Natural 
Resources (MDNR) to help guide and evaluate the restoration program.  The intent of this 
summary is to briefly describe the MDNR data which were used in the evaluation of potential 
entrainment of American shad at Chalk Point station.  See Richardson et al. (2009a&b) for a 
more detailed description of the program 
(http://www.dnr.state.md.us/fisheries/recreational/hatchery/shadrestoration.html). 
 
The Mechanics of the Restoration Program. 
 

The program currently consists of stocking feeding larvae (about 4 to 6 days after hatching), and 
juveniles (about 30 days old); and prior to 2008 the stocking of late larvae (about 75 days old).   
The stocked larvae and juveniles were hatched from eggs collected from Maryland Rivers.  
American shad eggs are taken from fish collected in the Potomac River near Fort Belvoir; 
hickory shad eggs are taken from fish collected in the Susquehanna River below Conowingo 
Dam.  They are artificially fertilized at the collection site and then brought to the MDNR 
Manning fish hatchery for incubation and tagging with oxytetracycline with leaves a florescent 
mark on the otoliths (bones in the ears of the fish).  The larvae are either stocked in the one of the 
water bodies under restoration or transferred to rearing Ponds at Manning or Chalk Point.  In the 
early years of the program the juvenile shad were reared for about 75 days (to at least 75 mm) at 
which time they were tagged with coded wire tags and stocked in the rivers.  The stocking 
locations are well up-estuary.  Figure A2-1 shows the Patuxent River stocking sites in 2005, 
which is the year of the entrainment analysis described in the main body of this report.  Starting 
in 2000 early stage juveniles began to be stocked and their contribution has increased over the 
years.  Starting in 2008 stocking of late juveniles was discontinued entirely.  The early juveniles 
which are currently being stocked are 30 days old and 35 mm in length.  Each has an 
oxytetracyline tag which allows it to be distinguished from wild shad and from shad which were 
stocked as larvae.  Table A2-1 & A2-2 summarizes the number of larvae and juveniles which 
were stocked and the number of juveniles reared at Chalk Point.  Comparison of numbers reared 
at Chalk Point and number stocked (while not entirely consistent perhaps due to estimation 
errors) shows that essentially all of the hickory shad juvenile, essentially all of the late juvenile 
American shad and about half of the early juvenile American shad were reared at Chalk Point.   
 
 

Restoration monitoring – Field and laboratory methods.  The monitoring is comprised of 
juvenile and adult sampling programs.  Juvenile sampling was used to determine the survival and 
contribution of the stocked larvae and juveniles and trends in the wild population.  The sampling 
was conducted prior to time when they leave the rivers on their way to the sea.  These collections 
are made from weekly from August to through October and sometimes in early November.  
During the period when late juveniles were stocked the presence of wire coded tags was 
recorded.  A subset of the juveniles collected were retained and returned to the laboratory where 
the otoliths are extracted and examined for oxytetracyline marks which identify their origins 
(stocked larvae, stocked juveniles, and wild).  The MDNR seine survey used to establish the 
striped bass juvenile index also generates data for American shad juveniles in the Patuxent River, 
but it is less intense and not as informative because it does not include recapture information. 
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Table A2.1.  Number of American shad stocked as larvae and in the Patuxent River and other water bodies and  
numbers of juvenile American shad reared at Chalk Point. 
 

Number Stocked (Thousands) 
  

Patuxent River Other Water Body Total 

Year Larvae 
Early 
 Juv 

Late 
Juv Larvae 

Early 
 Juv 

Late 
Juv Larvae 

Early 
Juv 

Late  
Juv 

Sum 
Juv 

Est. Num. 
Juv. Reared 

at Chalk Point
(Thousands) 

American shad 
1994 14 0 90 0 0 0 14 0 90 90 104 
1995 346 0 121 34 0 8 380 0 130 130 117 
1996 655 0 174 626 0 115 1,281 0 289 289 289 
1997 1,345 0 60 1,397 0 33 2,742 0 93 93 96 
1998 61 0 17 136 0 17 197 0 34 34 34 
1999 526 0 60 442 0 65 968 0 125 125 126 
2000 349 37 27 357 0 64 706 37 91 128 118 
2001 364 78 22 40 15 32 404 93 54 147 133 
2002 472 125 25 1,210 159 46 1,682 284 71 354 207 
2003 717 108 31 1,889 291 0 2,606 399 31 430 108 
2004 537 93 37 1,013 218 29 1,550 311 65 376 60 
2005 708 93 41 2,410 270 41 3,118 363 82 445 120 
2006 720 222 94 2,220 340 0 2,940 563 94 656 442 
2007 431 171 34 980 276 0 1,411 447 34 481 268 
2008 490 150 0 1,320 155 0 1,810 305 0 305 285 
Total 7,735 1,076 832 14,074 1,724 451 21,809 2,800 1,283 4,083 2,508 
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Table A2.2.  Number of hickory shad stocked as larvae in the Patuxent River and other water bodies  
and numbers of juvenile American shad reared at Chalk Point.  Independent estimates of numbers of early  
juveniles that were stocked and numbers reared are generally consistent although there sometimes are  
differences (e.g. in 2008) 
 

Number Stocked (Thousands) 
  

Patuxent River Other Water Body Total 

Year Larvae 
Early 
 Juv 

Late 
Juv Larvae 

Early 
 Juv 

Late 
Juv Larvae 

Early 
Juv 

Late  
Juv 

Sum 
Juv 

Est. Num. 
Juv. Reared 

at Chalk Point
(Thousands) 

hickory shad 
1996 746 0 13 125 0 8 871 0 21 21 21 
1997 5,118 0 36 7,266 0 0 12,384 0 36 36 36 
1998 6,475 0 32 5,241 0 0 11,716 0 32 32 32 
1999 8,106 0 5 9,545 0 0 17,651 0 5 5 5 
2000 8,235 0 28 6,134 0 39 14,369 0 67 67 67 
2001 1,380 54 20 3,619 0 20 4,999 54 40 94 94 
2002 350 40 0 2,325 51 28 2,675 91 28 119 101 
2003 395 35 0 1,915 63 19 2,310 98 19 117 111 
2004 3,425 69 0 6,332 56 5 9,757 125 5 130 130 
2005 1,160 120 0 3,250 283 0 4,410 403 0 403 419 
2006 1,350 70 0 2,745 312 0 4,095 382 0 382 286 
2007 520 37 0 1,180 175 0 1,700 212 0 212 228 
2008 0 0 0 5,839 365 0 5,839 365 0 365 450 
Total 44,995 1,500 966 69,590 3,029 569 114,585 4,529 1,536 6,065 1,978 
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Figure A2-1.  Map of Patuxent River showing MDNR American shad and hickory shad stocking 
sites in 2005, which is the year of the Chalk Point entrainment analysis. Adapted from 
Richardson et al. (2006).
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Figure A2-2.  Map of Patuxent River showing MDNR shad seine stations and electrofishing 
sampling area.  Adapted from Richardson et al. (2006). 
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For the restoration project sampling of American shad, the stations are located from River km 47 
to 84 – from Eagle Harbor to the “Above Trailer Park” station above the US Route 4 bridge near 
Waysons Corner (Figure A2-2).  (This survey targets American shad because the hickory shad 
seem to be found primarily off shore and are not readily collected with a seine.)  This survey has 
been conducted every year since the inception of the restoration program in 1994.  There are 10 
stations which are sampled weekly from mid-August to early November.  While the sampling  
was done in late summer and fall; the population estimates are for the spring when the juvenile 
American shad are currently released.   
 
To compensate for lack of quantitative seine data on abundance of juvenile hickory shad, MDNR 
planned to try a push-net sampler in 2009 (Richardson et al. 2009a).  This has proved to be an 
effective sampling device in Virginia and Washington DC.  Data from that effort have not been 
published yet. 
 
Adult sampling was used to determine the fractional contribution of stocked larvae and juveniles 
and trends in the wild adult population.  The monitoring is done electofishing of adult fish near 
expected spawning areas; the sampling area is near the head of tide near Upper Marlboro (Figure 
A2-2).  The area near the confluence of Stocketts Run, in the upper part electrofishing area, is a 
known spawning area for hickory shad (MDDNR/CCWS 2002).  
 
A subset of the adults was retained for determination of origins by examination of otoliths as 
done for the juveniles.   
 
Restoration monitoring – Analytical methods.  MDNR used Chapman’s modification to the 
Peterson estimate (Ricker 1975) for the juvenile population estimate for American shad: 
 

 N = {(C+1) (M+1)} / (R + 1)  
 where N is the population estimate, 
    M is the number of marked fish stocked,  
    C is the number of fish examined for tags (total captures) and  
    R is the number of marked fish that were recaptured (larval and early juveniles). 
 
MDNR also computed larval mortality for the stocked American shad following (Ricker 1975):  

S1 = (R12) M2 / (M1) R22 
Where: 
   M1 is the number of fish marked at the start of the first interval as larvae, 
   M2 is the number of fish marked at the start of the second interval as early juveniles, 
   R12 is recaptures of larval marked fish in the second interval,  
   R22 is recaptures of early juvenile interval marked fish in the second interval and  
   S1 is the survival rate of larvae during interval one (from the time of marking in interval one to 
time of marking in interval two). 
 
Confidence intervals were also computed following Ricker (1975). 
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Population estimates and larval mortality rates were not computed for juvenile hickory shad 
because of their habit of remaining off-shore in deep water where they are not readily sampled 
with a shore seine. 
 
The following data and estimates summarized here include: numbers reared at Chalk Point and 
numbers stocked by MDNR since the inception of the program; population estimates for juvenile 
American Shad of wild and hatchery origin, larval mortality rates for the stocked American shad, 
and the composition of the adult spawning stock of both species with respect to wild and 
hatchery origin.  
 
Restoration monitoring –Discussion of Results.  Figure A2-3 summarizes the catch-per-unit 
effort results from the MDNR Striped Bass Seine Survey from 1983 to 2008.  Note that no 
American shad were collected prior to the initiation of the Restoration Program.  Figure A24 
shows the catch-per-unit effort results from the restoration monitoring program.  These results 
were less variable, presumably because of the larger sample sizes reduced sampling error.  
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Figure A2-3.  Maryland DNR juvenile index for American shad in the Patuxent River from the 
Striped bass seine survey downloaded from MDNR website.  
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Figure A2-4.  Catch-Per-Unit-Effort (CPUE) for American shad in the Patuxent River from the 
DNR American shad restoration project.  (Similar data have not been published for hickory 
shad).  
 
Table A2-3 summarizes the juvenile American shad population estimates.  These estimates are 
mixed with respect to the age of the juveniles being estimated.  During the period from 1995 to 
about 2003 more late juveniles were stocked.  After that more early juveniles were stocked.   
Mean estimates from 2004 to 2005 were used in the computation of entrainment estimates and as 
a basis of comparison for entrainment losses in the main body of the report.  
 
Table A2-3.  Adapted from Richardson et al. (2009a).  Populations estimates for American shad 
computed by mark and recapture methods for numbers of larvae and juveniles.   
 

Stocked 

Year 
Stocked  

as Larvae 
 Stocked 

as Juvenile 
 Wild 

Origin  
 Total

Juveniles  

Total Number 
which were 
entrainable 

as larvae 
1995 78,500 73,300 0 151,800 78,500 
1996 81,000 153,600 0 234,600 81,000 
1997 116,000 48,100 0 164,100 116,000 
1998 0 9,200 1,800 11,000 1,800 
1999 18,000 53,200 800 72,000 18,800 
2000 700 43,200 3,600 47,600 4,300 
2001 12,300 69,300 13,100 94,800 25,400 
2002 173,700 150,400 35,600 359,700 209,300 
2003 169,500 132,900 61,000 363,300 230,500 

2004 21,400 82,600 7,900 111,900 29,300 
2005 114,500 105,200 46,600 266,300 161,100 
2006 81,300 318,400 17,300 417,000 98,600 
2007 31,500 176,100 13,600 221,152 45,100 
2008 49,900 150,800 9,100 209,800 59,000 
Mean 

2004 to 2008 59,720 166,620 18,900 245,230 78,620 
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Larval survival rates, which were estimated over the time interval from the date when larvae 
were stocked to the date when juveniles were stocked, ranged from 0.02% to 37% the median 
was 7%.  The median instantaneous mortality rate was 0.04 per day, which is relatively low even 
in comparison to Juvenile mortality rates.  For example, Hoffman and Olney (2005) estimated 
juvenile cohort instantaneous mortality rates for American shad in the York River estuary 
ranging from 0.037 to 0.064.  EPRI (2005) estimated a range of post-larval mortality rates from 
0.07 to 0.095.  Most potential sources of bias in larval mortality rates such as stocking mortality 
for the juveniles or natural mortality of juveniles between the release data and the seine survey 
would lead to lower estimates of larval mortality.  The median MDNR mortality rate estimate 
was (highlighted in yellow) used along with growth rate estimates from the literature in the 
construction of size frequency distributions American shad for the entrainment evaluation. 
 
Table A2-4.  Adapted from Richardson et al. (2009a).   American shad larval mortality rates 
estimated to occur between the larval stocking date and juvenile stocking date.  The expected 
confidence interval is approximately plus or minus 2 times the standard error (2* S.E.). 
 

Year 
Instant. 

Mort. (Z) 2 * S.E. 
Percent
Survival 

Interval
(days) 

1999 0.0633 0.0009 3% 54
2000 0.1352 0.002 0.02% 46
2001 0.0418 0.0122 3% 81
2002 0.0324 0.0324 37% 31
2003 0.0019 0.107 24% 76
2004 0.0436 0.0143 4% 74
2005 0.0434 0.0414 16% 42
2006 0.0662 0.0383 11% 33
2007 0.2183 0.0239 7% 12
2008 0.0881 0.0352 10% 26

Median 0.0436 0.0239 7% 46
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Appendix 3.  Evaluation of Potential White Perch Population Losses Caused by 

Entrainment Computed Using a Spatially-Structured Simulation Model 

By Dr. Lisa Kerr 
 

Introduction 

The aim of this research was to examine the potential population-level consequences of 

entrainment at the Chalk Point Power Plant (Maryland) intake on white perch in the Patuxent 

River estuary.  In this analysis the current knowledge on the dynamics and spatial ecology of 

white perch was considered and how spatial structuring within the population may influence the 

impact of entrainment on the population was explored.  Previous research on the white perch 

population in the Patuxent River revealed that the population exhibits contingent structuring, 

whereby a portion of the population remains resident in the natal, freshwater habitat and another 

portion of the population migrates down-estuary to inhabit brackish water salinities (Kraus and 

Secor 2004, Kerr et al. 2009).  This divergence in habitat use occurs shortly after the transition 

from larval to juvenile stage (Kraus and Secor 2004, Kerr et al. 2009).  Additionally, the 

recruitment of individuals to contingents differs in response to streamflow.  The migratory 

contingent dominates the population in most flow conditions; the resident contingent is 

minimally present in high flow years, increasingly represented in low flow years, and exclusively 

present during drought years (Kraus and Secor 2004, 2005a).   

Using simulation modeling we explored the impact of varying levels of entrainment on 

population productivity (spawning stock biomass) and stability (coefficient of variation of 

spawning stock biomass).  Simulation scenarios incorporated variation in entrainment with early 

life stage (early larval and late larval-early juvenile stage), contingent (resident and migratory), 

and environmental conditions (drought, dry, normal, wet). 
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Methods 

Model framework  

The generalized model framework used to model white perch in the Patuxent River 

estuary was an age-structured model that incorporated the unique demographics and dynamics of 

two behavioral contingents (residents and migrants, ages 1-12).  The two behavioral contingents 

were linked through a common stock recruitment relationship.  Recruitment or abundance at age-

0 (N0) of white perch was calculated by 

ε+
+

=
pop

pop

SSBB

SSBB
N

2

1
0

*
 

where SSBpop is the spawning stock biomass of the overall population (i.e., sum of spawning 

stock biomass of resident and migratory contingents), B1 is the maximum number of recruits 

produced and B2 controls the rate at which the asymptote, or maximum recruits/spawner, is 

reached (Beverton and Holt 1957, Table 1).  The error term (ε) was modeled as a normally 

distributed random deviate ranging up to 10% of the maximum number of recruits.  The first 

year of life was divided into two stages, the early larval period (length < 10 mm) and the late-

larval (length > 10 mm) through early juvenile period (age-1).  The population diverged into 

resident and migratory groups during this period and was subsequently modeled with their 

respective contingent-specific vital rates and dynamics driven by environmental conditions (i.e., 

streamflow) and random variation.   

Spawning stock biomass of the white perch population was calculated as a function of the 

number at age, weight at age, and maturity at age of the study species  
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where Nt,a is the average number of fish of age-a at time t, Wa is the average spawning weight 

(kg) of an age-a fish, and Pa is the average fraction of age-a fish that are mature.  A length-

weight relationship was used to estimate weight at age (Wa) of white perch 

βα aa LW =  

where La is length at age, α is a proportionality constant and β is the exponent (Table 1).  Length 

at age was estimated from von Bertalanffy growth models specific to each population component 

[ ])( 01 aak
a eLL −−

∞ −=  

where L∞ is the asymptotic size, k defines the rate at which the curve approaches the asymptote, 

and a0 is the hypothetical age at which the size of the fish is zero (Table 1).  The proportion of 

fish mature at age was determined from a maturity-length at age relationship (Mansueti 1961; 

Table 1). 

Abundance of the early larval stage (0-10mm, Nl) of white perch was calculated by 

lZ
l eNN −= )0(   

where N0 is initial population size, and Zl is larval mortality.  Larval mortality was modeled as a 

function of streamflow, with specific values for drought, dry, normal, and wet years (Table 1).   

Abundance of the late larval-early juvenile stage (>10 mm, referred to as age 1) of white 

perch was calculated by 

Resident: rjZ
lrt eDNN ,)1(),1(1

−
+ −=  (5) 
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Migratory: mjZ
lmt eDNN ,)(),1(1

−
+ =  

where D is the proportion of the population that are migratory (i.e., disperse out of the freshwater 

natal habitat), and Zj is juvenile mortality for the resident (r) and migratory (m) contingent.  

Stochasticity was included in age-structured models as variability around the average proportion 

of the population that is migratory each year (0.85, standard deviation = 0.03) in the Patuxent 

River.  Juvenile mortality was modeled as a function of streamflow, with specific values for 

drought, dry, normal, and west years (Table 1).   

Abundance-at-age for ages 2 to 12 (N2 to N12) was calculated for each contingent by 

aZ
tata eNN −

++ = )()1(1  

where Na = age-specific abundance, and Za = total adult annual mortality.  Adult annual mortality 

rate was held constant (Z = 0.59) across sex and contingent (Table1). 

Environmental Variation 

Variation in streamflow conditions across years was modeled based on a 21 year history 

of streamflow conditions (summed monthly river discharges from March through May) in the 

Patuxent River estuary from the US Geological Survey (USGS), National Water Inventory 

Service (http://waterdata.usgs.gov/nwis) for USGS Site: Patuxent River near Bowie, MD, Site #: 

01594440.  Each year in the time series was classified as drought (0-203 ft3s-1), dry (204-400 ft3s-

1), normal (401-600 ft3s-1), or wet (>600 ft3s-1).  The frequency of drought, dry, normal, and wet 

conditions were simulated over the 150 year time period of the model at rates that approximate 

the average frequency of occurrence (drought (11%), dry (23%), normal (39%), and wet(27%)) 

in the 21 year record from the Patuxent River.  

(6) 



Appendix 3 

 
 

A3-5

Simulations 

We used simulation to evaluate the response of population productivity and stability to changes 

in level of entrainment as it varied by the size of larvae entrained (<10 mm, >10mm).  In some 

scenarios, entrainment was also modeled at different levels in drought, dry, normal, and wet 

years to reflect that increases in freshwater input tends to push the population downstream 

resulting in greater exposure to entrainment.  In the late larval-early juvenile stage entrainment 

was also varied between resident and migratory contingents to reflect potential differences in 

exposure to entrainment based on spatial structuring documented in the population. The 

percentage of the population lost due to entrainment ranged from low to intermediate estimates 

(0.2 to 11%), representative of entrainment rates for the Patuxent River white perch population, 

to a high value (25%) that exceeded empirically derived estimates from the population.  The 

input entrainment loss estimates were computed as a function of the number of larvae entrained, 

the entrainment survival rate and the numerical production of larvae in the river (Loos personal 

communication; see main body of text).  The entrainment survival rate was thought to be as high 

as 50% during the early part of this nursery period but 0% at the end.  Hereafter, entrainment 

population loss is simply referred to as entrainment. 

 

Baseline Scenario: In this scenario there is no entrainment of larvae. 

Scenario 1: No entrainment  

Uniform Entrainment Scenarios: In these scenarios, entrainment values are uniformly applied 

across early life stages, environmental conditions, and contingents.   
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Scenario 2: Low entrainment for the early larval and late-larval early juvenile stage (5%).  

Scenario 3: Intermediate entrainment for the early larval and late-larval early juvenile stage 

(8%). 

Scenario 4: High entrainment for the early larval and late-larval early juvenile stage (25%). 

Variable Entrainment by Stage Scenarios: In these scenarios, entrainment values were varied 

across early life stages, and remained uniform across environmental conditions, and contingents.   

Scenario 5: Intermediate entrainment for the early larval stage (8%) and low entrainment for the 

late-larval early juvenile stage (5%). 

Scenario 6: High entrainment for the early larval stage (25%) and low entrainment for the late-

larval early juvenile stage (5%). 

Variable Entrainment by Stage and Contingent Scenarios: In these scenarios, entrainment 

values were varied across early life stages and contingents, and remained uniform across 

environmental conditions.   

Scenario 7: Low entrainment for the early larval stage and low entrainment for resident (5%) and 

intermediate entrainment migratory (8%) late-larval early juvenile stage. 

Scenario 8: Low entrainment for the early larval stage and low entrainment for resident (5%) and 

high entrainment migratory (25%) late-larval early juvenile stage. 
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Variable Entrainment by Stage, Contingent, and Environment Scenarios: In these scenarios, 

entrainment values were varied across early life stages, contingent, and environmental 

conditions. 

  

Scenario 9: Variable entrainment for early larval stage (drought: 0.09%, dry: 2%, normal: 2%, 

wet: 11%). Low entrainment for late larval-early juvenile residents across years (Resident: 2%) 

and high entrainment for migrants across years (8%). 

Scenario 10: Variable entrainment for early larval stage (drought: 0.09%, dry: 2%, normal: 2%, 

wet: 11%). Low entrainment for late larval-early juvenile residents across years (Resident: 2%) 

and variable entrainment for migrants across years (dry: 2%, normal: 2%, wet: 8%). 

Scenario 11 (Some entrainment of Late larvae): Variable entrainment for early larval stage 

(drought: 0.09%, dry: 2%, normal: 2%, wet: 11%).  Lower entrainment for late larval-early 

juvenile residents across years (0.5%); lower but variable entrainment for migrants (drought: 

0.25, dry: 0.5%, normal: 0.5%, wet: 2%). 

Scenario 12 (No entrainment of Late larvae): Variable entrainment for early larval stage 

(drought: 0.09%, dry: 2%, normal: 2%, wet: 11%). No entrainment for (0%) late larval-early 

juvenile residents and migrants across years. 

Scenario 13 (High natural mortality for larvae dispersed below salt front combined with some 

entrainment  of late larvae): Constant low entrainment of early larvae not lost from nursery area 

(0.5%) and reduced loss for late larvae and early juveniles residents and migrants (drought: 0.25, 

dry: 0.5%, normal: 0.5%, wet: 2%). 
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Results and Discussion 

Through simulation modeling, we found that population productivity was sensitive to 

entrainment of larval white perch, with the relative impact depending on entrainment rate and the 

manner in which entrainment varied with larval stage, contingent, and environment conditions.  

Across scenarios, variation in entrainment levels had little impact on stability of the white perch 

population with the exception of scenarios in which entrainment varied with environmental 

conditions (i.e., streamflow).   

Uniform entrainment scenarios illustrated the case in which all larvae were equally 

vulnerable to entrainment.  In uniform entrainment scenarios, increased levels of entrainment 

decreased productivity with little impact on stability (Fig. 1).  Based on the upriver location of 

white perch spawning and spatial structuring within the population it is unlikely that the all 

larvae are equally vulnerable to entrainment.  Note that high levels of entrainment were included 

to illustrate the trend in response and not because these are believed to be realistic entrainment 

rates.  For example the highest level of entrainment loss estimated from data was 8% for early 

and late larvae (Table 1) while in the constant mortality scenarios levels as high as 25% were 

assumed.  Productivity of the population was reduced by 15% compared to the baseline model, 

based on the highest level of estimated entrainment loss (Scenario 3: 8%).  Entrainment losses of 

25% (Scenario 4) reduced the overall productivity of the population by 44% compared to the 

baseline model.   

Scenarios in which entrainment varied during the early larval stage and remained at low 

levels in the late-larval early juvenile stage demonstrated situations in which smaller larvae were 

more vulnerable to entrainment compared to larger larvae.  In these scenarios, productivity 

decreased with increasing entrainment levels, although to a lesser degree compared to uniform 
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vulnerability across early life stages (Fig. 2).  Population stability was unaffected by simulated 

changes in entrainment (Fig.2).  At the highest level of entrainment for early stage larvae 

(Scenario 6: 25%) the productivity of the population was decreased by 29%.   

Scenarios in which entrainment was low for early larvae and the late larvae-early juvenile 

stage resident contingent, and varied for late larvae-early juvenile stage migratory contingent 

depicted a situation wherein migratory contingent fish were more susceptible to entrainment 

based on their proximity to the Chalk Point power plant intake.  Based on the salinity structure 

within the river in spring and early summer and the salinity tolerance of larval white perch 

(Setzler-Hamilton 1991), early larval stages of white perch likely occur upriver from the Chalk 

Point intake and are therefore less vulnerable to entrainment.  Additionally those larvae that are 

dispersed down estuary to the vicinity of the plant intake are more likely to be further dispersed 

out of the nursery area and lost.  This appeared to be the case for experimental releases of 

marked larvae of other species including striped bass and American shad (Secor and Houde 

1995, Campfield 2004)  As white perch develop and transition from the larval to juvenile stage, 

individuals express resident or migratory behavior in response to growth conditions experienced 

during early life history (Kerr and Secor 2009.).  The movement of migratory individuals down-

river shortly after the larval to juvenile transition (45 days, Kraus and Secor 2004) may result in 

these fish being more vulnerable to entrainment.  In these scenarios productivity decreased with 

increasing entrainment, with a 27% decrease in total productivity at the highest level of 

entrainment on the migratory contingent only (Scenario 8: 25%, Fig. 3).  Variation in 

entrainment had a negligible impact on stability of the population (Fig. 3).  

Entrainment scenarios in which entrainment levels varied with respect to stage, 

contingent, and environmental conditions (i.e., streamflow) are thought to emulate the most 
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realistic scenarios of entrainment at different stages and under different streamflow conditions.  

In these scenarios entrainment typically occurred at low to intermediate levels and resulted in 

small decreases in the overall productivity of the population (1-12% decrease in SSB) and 

increases in stability (6-8% decrease in CV; Fig. 4) across most scenarios, with the exception of 

scenario 13 in which stability decreased slightly (1% increase in CV; Fig. 4).  In scenarios 9 and 

10, the highest levels of entrainment were focused on the migratory contingent and scenario 10 

entrainment levels during wet years were scaled with productivity of the contingent during these 

conditions.  Removal of individuals from this highly productive contingent decreased 

productivity of the overall population (8-12% decrease in SSB), but also acted to dampened 

interannual variability in biomass and therefore increased stability of the population (6-8% 

decrease in CV; Fig. 4).  Scenarios 11 and 12 represented a situation whereby entrainment of 

large larvae (>10 mm) was partially (scenario 11) or completely eliminated; these simulations 

resulted in minimal loss of productivity to the population (5-6% decrease in SSB).  Scenario 13 

represented a scenario whereby there was high natural mortality for larvae dispersed below the 

salt front in wet years combined with partial protection of larger larvae from entrainment.  This 

scenario had little impact on the productivity and stability of the population.  

Overall, our analysis using simulation modeling revealed that high levels entrainment can 

influence the productivity of the Patuxent River white perch population.  It is important to 

recognize, however, that the spatial ecology of white perch may play a significant role in the 

vulnerability of white perch to entrainment and thus the population-level impact of entrainment.  

The upriver location of spawning likely protects early larval stages from exposure to high rates 

of entrainment.  Additionally, the down-river movement of migratory contingent fish during the 

late-larval early juvenile stage likely makes these larvae most vulnerable to entrainment, 
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particularly during high flow conditions which may result in their distribution shifting further 

down-river.  Previous simulation modeling of the population without entrainment revealed that 

the two contingents play different roles in mediating population dynamics (Kerr et al. In Press).  

The resident contingent is consistently present and contributes to population stability, whereas 

the migratory contingent has more variable dynamics, but is more highly productive and 

contributes to population resilience (Kerr et al. In Press).  Selective removal of the migratory 

contingent through entrainment can potentially decrease the productivity of the overall 

population.  Protection of larger size migratory contingent larvae from entrainment can mitigate 

the influence of entrainment on population productivity; however, low levels of entrainment on 

this contingent appear to have little impact on the population.   



Appendix 3 

 
 

A3-12

Literature Cited 
 
Beverton, R.J.H., and S.J. Holt. 1957. On the dynamics of exploited fish populations. Fisheries 

Investigations Series 2. Vol. 19. U.K. Ministry of Agriculture and Fisheries, London. 

Campfield, P.A. 2004. Ichthyoplankton community structure and feeding ecology in the Patuxent 

River estuarine transition zone.  M.Sc. thesis, Marine Estuarine and Environmental 

Sciences Program, University of Maryland, College Park, MD. 

Kerr, L.A., Secor, D.H., Piccoli, P. 2009. Partial migration of fishes as exemplified by the 

estuarine-dependent white perch. Fisheries. 34(3): 114–123. 

Kerr, L.A., Cadrin, S.X., Secor, D.H. In Press. The role of spatial dynamics in the stability, 

resilience, and productivity of an estuarine fish population. Ecological Applications. 

Kraus, R.T., and D.H. Secor. 2004. Dynamics of white perch Morone americana population 

contingents in the Patuxent River estuary, Maryland, USA. Marine Ecology Progress 

Series 279:247–259. 

Kraus, R.T., and D.H. Secor. 2005. Connectivity in estuarine white perch populations of 

Chesapeake Bay: evidence from historical fisheries data. Estuarine, Coastal and Shelf 

Science 64:108–118. 

Mansueti, R.J. 1961. Movements, reproduction, and mortality of the white perch, Roccus 

americanus, in the Patuxent Estuary, Maryland. Chesapeake Science 2:142–205. 

Secor D. H., and E. D. Houde. 1995. Temperature effects on the timing of striped bass egg 

production, larval viability, and recruitment potential in the Patuxent River (Chesapeake 

Bay). Estuaries 18:527–544 



Appendix 3 

 
 

A3-13

Setzler-Hamilton, E. 1991. White perch, Morone Americana. In: Habitat requirements for 

Chesapeake Bay living resources 2nd ed. Editors: S. L. Funderbunk, J. A. Mihursky. S. J. 

Jordan, D. Riley. Chesapeake Research Consortium, Solomons, MD. 



Appendix 3 

 
 

A3-14

 
Table 1 Parameter estimates used in age-structured models of white perch and their sources.  
Parameter Estimates Source
Larval Mortality

0-10mm: Larval  Dry & Drought M 1.47
Estimated as 25% higher than normal year 
estimate

0-10mm: Larval normal M 1.18
Value estimated from 2005 ichthyoplankton 
sampling in Patuxent River (Kerr)

0-10mm: Larval Wet M 0.88
Estimated as 25% lower than normal year 
estimate

Resident Migratory
>10mm: Larval  Dry & Drought M 0.88 1.18
>10mm: Larval normal M 0.88 0.88
>10mm: Larval Wet M 0.88 0.66
Entrainment
0-10mm:Entrainment Drought yr. 0.09% J. Loos pers comm.
0-10mm:Entrainment Dry yr. 2% J. Loos pers comm.
0-10mm:Entrainment Norm yr. 2% J. Loos pers comm.
0-10mm: Entrainment Wet yr. 11% J. Loos pers comm.
>10mm: Entrainment Drought yr. 0.10% J. Loos pers comm.
>10mm: Entrainment Dry yr. 2% J. Loos pers comm.
>10mm: Entrainment Norm yr. 2% J. Loos pers comm.
>10mm:Entrainment Wet yr. 8% J. Loos pers comm.
Adult M 0.59 Rothschild et al. 1992
Stock-Recruit Relationship
B1 198,500

y
al. 1992

B2 1000 al. 1992
Growth information
Linf 217.00 217 Kraus and Secor 2004
K 0.39 0.69 Kraus and Secor 2004
to 0 0 Kraus and Secor 2004
alpha 6.42E-06 6.42E-06

( p
in 2005, 2006)

Beta 3.28 3.28 in 2005, 2006)

Value

Resident values were estimated to be 
constant at 0.88, Migratory values were + or - 
25% of 0.88
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scenario flow lar juv lar juv
1 constant 0 0 0 0
2 constant 5 5 5 5
3 constant 8 8 8 8
4 constant 25 25 25 25
5 constant 8 5 8 5
6 constant 25 5 25 5
7 constant 5 5 5 8
8 constant 5 5 5 25

drought 0.09 2 0.09 0
dry 2 2 2 8

normal 2 2 2 8
wet 11 2 11 8

drought 0.09 2 0.09 0
dry 2 2 2 2

normal 2 2 2 2
wet 11 2 11 8

drought 0.09 0.5 0.09 0
dry 2 0.5 2 0.5

normal 2 0.5 2 0.5
wet 11 0.5 11 2

drought 0.09 0 0 0
dry 2 0 0 0

normal 2 0 0 0
wet 11 0 0 0

drought 0.5 0.25 0.5 0
dry 0.5 0.5 0.5 0.5

normal 0.5 0.5 0.5 0.5
wet 0.5 2 0.5 2

Table 3. Percentage of the population subject to entrainment  
across early life stages (lar =  early larval stage , juv = late 
larval early juvenile stage), contingent (resident, migratory) 
anad environmental conditions (drought, dry, normal, wet 
conditions).  

13

resident migrant

9

10

11

12
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Figure 1. Spawning stock biomass (SSB) and coefficient of variation (CV) of SSB of the resident 

(gray fill) and migratory contingents (open) and overall white perch populations (solid line) with 

varying levels of entrainment.   These scenarios (Scenarios: 2, 3, and 4) are selected to show the 

trend in SSB and CV of SSB as a function of increasing entrainment uniformly across early life 

stages, environmental conditions, and contingents as compared to no entrainment (Scenario: 1). 
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Figure 2. Spawning stock biomass (SSB) and coefficient of variation (CV) of SSB of the resident 
(gray fill) and migratory contingents (open) and overall white perch populations (solid line) with 
varying levels of entrainment.  These scenarios (Scenarios: 2, 5, and 6) are selected to show the 
trend in SSB and CV of SSB as a function of entrainment values that varied across early life 
stages (increasing early larval entrainment), and remained uniform across environmental 
conditions, and contingents as compared to no entrainment (Scenario: 1). 
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Figure 3. Spawning stock biomass (SSB) and coefficient of variation (CV) of SSB of the resident 
(gray fill) and migratory contingents (open) and overall white perch populations (solid line) with 
varying levels of entrainment.  These scenarios (Scenarios: 2,7, and 8) are selected to show the 
trend in SSB and CV of SSB as a function of increasing entrainment values that varied across 
early life stages for each contingent (increasing late larval-juvenile entrainment of migratory 
contingent), and remained uniform across environmental conditions, as compared to no 
entrainment 
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Figure 4. Spawning stock biomass (SSB) and coefficient of variation (CV) of SSB of the resident 
(gray fill) and migratory contingents (open) and overall white perch populations (solid line) with 
varying levels of entrainment.  These scenarios (Scenarios: 9, 10, 11, and 12) were selected to 
show the trend in SSB and CV of SSB as a function of varying entrainment by early life stage, 
contingent, and environment conditions as compared to no entrainment (Scenario: 1). 
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Appendix 4.  Evidence supporting use of the longitudinal distribution of larval white perch 
in the Patuxent River as an environmentally conservative surrogate for the longitudinal 
distribution of Alosa species including alewife, blueback herring, American shad and 
hickory shad. 
 
Data needed for direct estimation of individual clupeid species entrainment losses are not 
available and consequently we present here evidence and logic to suggest that the estimated 
fractional entrainment losses of white perch serve as an upper bound for the losses of these Alosa 
species.  None of ichthyoplankton data at hand include densities of individual Alosa species near 
Chalk Point station.  Due to difficulty with larval identification, high value fishery species such 
as American shad and hickory shad (which are targeted for restoration by Maryland DNR) are 
lumped with gizzard shad.  The gizzard shad, which have essentially no fishery value except as 
forage fish, are far more abundant and have a more down river distribution than other Alosa 
species.  Because of the high abundance and downriver distribution, gizzard shad tend to 
dominate the estimated entrainment losses based on the combined species data.  This leads to a 
exaggerated loss estimates of the more important American shad and hickory shad species. 
 
Despite this limitation, it was considered important to characterize entrainment loss estimates for 
American shad and other related species in the genus Alosa.  The strategy for this was to use 
DNR mark-and-recapture estimates of juvenile shad combined with their estimates of larval 
mortality rates (based on the mortality rates of stocked larvae).  The mortality rates were used to 
compute length frequency distribution by projecting the juvenile abundance backwards to early 
stage larvae.  This distribution was further portioned into lengths for upper and lower parts of the 
estuary using trends in mean length data (Campfield 2004).  The missing piece of the puzzle was 
the overall longitudinal distribution of larvae.  Campfield (2004) is summary in nature and the 
presentation is not detailed enough to use directly.  However after exploring various lines of 
evidence on the longitudinal distribution of American shad and other Alosa species it was 
concluded that it was possible to use the longitudinal distribution of white perch (included in the 
2005 data) as a conservative surrogate for inferring the longitudinal distribution of Alosa – i.e. 
the fractional distribution by river kilometer.  The white perch distribution is conservative in that 
white perch are typically distributed further down river into the region of the Chalk Point intake 
and thus experience greater entrainment.  The information developed in this Appendix supports 
this last assumption.  The following information is considered:  1.) the longitudinal distribution 
of young-of-the-year herrings, striped bass and white perch in the Patuxent River (Loos and 
Perry 2001; Richardson et al. 2009);  2.) summary information on the longitudinal distribution of 
alewife larvae in the Patuxent River and comparison to the longitudinal distribution of striped 
bass and white perch larvae (Campfield 2004); and  3.) a comparison of distribution of American 
shad and striped bass larvae and juveniles in other rivers in the Chesapeake Bay estuary 
(Bilkovic et al. 2002).   
 
Longitudinal distribution of young herrings, striped bass and white perch in the Patuxent 
River.   
River herring, gizzard shad, white perch and striped bass.  From 1981 to 2001 Pepco/Mirant 
conducted trawl surveys in the Patuxent River for NPDES purposes at 7 transects from river km 
43 to 64 and from the discharge canal (Figure A4-1).  From 1989 to 2001 the young of the year 
river herring (alewife and blueback herring in the genus Alosa), white perch and striped bass 
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were counted separately from older individuals.  Most of the samples were collected before the 
American shad and hickory shad restoration efforts had begun to have tangible results and these 
species were not collected in this sampling program.  However DNR had a seine program which 
targeted American shad, which is described under the next heading. 
 
Table A4-1 shows the mean catch per unit effort by transect (transect 1 located furthest up 
estuary).  While the river herring data were sparse there was an indication of decreasing catches 
down-estuary which was not evident for white perch and striped bass (Genus Morone).  The 
gizzard shad data are not strictly comparable because they include young of the year and older 
specimens and are insufficient to determine longitudinal trends.  Nevertheless, it was clear that 
they were more frequently collected in the discharge canal than the river herring.  The striped 
bass and white perch were also more abundant in the discharge canal.   
 
The tendency for juvenile young-of-the-year Alosa species (i.e. alewife and blueback herring) to 
be more abundant up-estuary (further away from Chalk Point) than young-of-the-year Morone 
species (i.e. striped bass and white perch) suggests that their larval nursery areas would be 
located further up-estuary than the larval nursery areas of Morone species.   
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Figure A4-1. Map of the Patuxent River showing Pepco/Mirant trawl sampling stations sampled 
from 1989 to 2001. 
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Table A4-1.  Number of young of the year (YOY) white perch and striped bass compared to 
numbers of YOY alewife and blueback herring and combined ages of gizzard shad in the Pepco 
and Mirant trawl monitoring studies (Loos and Perry 2001). 
 

  Transect 

Species Age 1 2 3 4 5 6 7 
Disch. 
Canal sum 

Mean Number of Fish per Trawl Tow 
White perch YOY 63.8 26.7 28.9 21.7 34.3 9.4 29.0 80.4 294.197 
Striped bass YOY 6.3 3.0 4.9 3.5 4.4 0.9 3.9 6.7 33.872 
Blueback herring YOY 0.119 0.142 0.010 0.017 0.002 0.006 0.002 0.000 0.297 
Alewife YOY 0.810 0.224 0.432 0.102 0.254 0.039 0.063 0.029 1.952 
Gizzard shad All 0.081 0.000 0.010 0.002 0.038 0.000 0.004 0.295 0.430 

Percent Frequency Distribution 

White perch YOY 22% 9% 10% 7% 12% 3% 10% 27% 100% 
Striped bass YOY 19% 9% 15% 10% 13% 3% 12% 20% 100% 
Blueback herring YOY 40% 48% 3% 6% 1% 2% 1% 0% 100% 
Alewife YOY 41% 11% 22% 5% 13% 2% 3% 1% 100% 
Gizzard shad All 19% 0% 2% 1% 9% 0% 1% 69% 100% 
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American shad.  As part of its effort to monitor the success of the shad restoration program, 
DNR conducts a juvenile seine survey in the Patuxent River at stations located from River km 47 
to 84 – from Eagle Harbor to the “Above Trailer Park” station above the US Route 4 Bridge near 
Waysons Corner (Figure A4-2).  (This survey targets American shad because the hickory shad 
seem to be found primarily off shore and are not readily collected with a seine.)  This survey has 
been conducted every year since the inception of the restoration program in 1994.  There are 10 
stations which are sampled weekly from mid-August to early November.   
 
Figure A4-3 summarizes the longitudinal distribution of young-of-the-year American shad in 
those surveys.  Note that the peak abundance occurs at Selby Landing in the upper part of the 
sampling area, about 16 kilometers above the Chalk Point intake.  None were collected at the 
Eagle Harbor Station, which is the station closest to Chalk Point.  Comparison of this distribution 
with the white perch and striped bass young of the year distribution (Table A4-1) suggests that 
the American shad nursery area does not extend as far down estuary. 
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Figure A4-2.  Map of Patuxent River showing DNR American shad seine stations.  Adapted 
from Richardson (2009) with station location based on latitude and longitude GPS data. 
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Figure A4-3.  Mean Catch per Unit Effort (CPUE) of juvenile American shad at DNR sampling 
sites from 1999 to 2008 during summer seine surveys.  Adapted from Richardson et al. 2009. 
 
 
 
Longitudinal distribution of larval alewife, striped bass and white perch in the Patuxent 
River.   Campfield (2004) studied the longitudinal distribution of fish larvae in the Patuxent 
River in relationship to the salt front (i.e. the transition between freshwater and brackish water).  
Larvae and small juveniles were collected with “bongo” plankton nets and Tucker trawls in 2000 
and 2001 between river km 46 and 78 (Figure A4-4).  It was found that the alewife larvae were 
not distributed as far down estuary as the white perch and striped bass Figure (A4-5).  
Additionally, these three species were part of a “riverine” group of species composed of 
freshwater, anadromous and semianadromous species whose densities increased up estuary as 
opposed to a “oligohaline” group composed of estuarine and ocean spawned species such as bay 
anchovy, naked goby and Atlantic menhaden, whose densities increased down estuary closer to 
Chalk Point Station (Figures A4-7 and A4-8).  
 
For the longitudinal distribution of Alosa species the Campfield summary (2004) included 
quantitative data only for Alewife; however the text noted that there were similar trends for other 
Alosa species.  In addition he observed larger larvae and juveniles were found further down 
estuary in the Patuxent River, which is evidence that Alosa migrate downstream as they mature.  
For example in Figure A4-6, note the increasing mean length of alewife from about 15 to 40 mm 
from river km 78 to 46 in June 2001.  The tendency for alewife and blueback herring to spawn in 
small streams has also been noted (Jenkins and Burkhead 1994; Lippson et al. 1980).  In fact 
Pepco (previous owner of Chalk Point) helped fund the opening of additional stream spawning 
habitat at the head of the upper Patuxent River estuary for herring and yellow perch as mitigation 
for entrainment at Chalk Point. 
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Figure A4-4.  Map of Patuxent River showing ichthyoplankton stations sampled by CBL in 2001 
and 2001.  Adapted from Campfield (2004) with station location based on latitude and longitude 
GPS data. 
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Figure A4-5.  Adapted from Campfield 2004.  Density of most common ichthyoplankton larvae 
versus sampling location in Patuxent River (river kilometer) in 2000 and 2001. 
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Figure A4-6.  Adapted from Campfield 2004.  Mean length of Alewife larvae and juveniles 
versus sampling location in Patuxent River (river kilometer) in 2000 and 2001. 
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Figure A4-7.  Adapted from Campfield 2004.  Results of principal components analysis of CPUE 
data for 2000 that was used to determine species groupings. 
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Figure A4-8.  Adapted from Campfield 2004.  Results of principal components analysis of CPUE 
data for 2001 that was used to determine species groupings. 
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Comparisons of distributions of larval striped bass and American shad in other rivers in 
the Chesapeake Bay estuary.  Data on the distribution of American shad larvae in the Patuxent 
River are very sparse.  Campfield (2004) collected only 13 specimens each year and these were 
all hatchery reared.  However Bilkovic et al (2002) studied their distribution in the Pamukey and 
Mattaponi Rivers – two rivers also in Chesapeake Bay Estuary which are confined to the Coastal 
Plain and Piedmont provinces as is the Patuxent River.  They collected eggs, larvae and small 
juveniles of American shad and striped bass from 24 stations in the freshwater and oligohaline 
section of the Pamukey River (part of the York River sub-estuary) from river km 72 to 154 and 
17 stations in the Mattaponi River from river km 68 to 128 and compared their distributions.  In 
both rivers, the highest densities of eggs and larvae of American shad were found up-estuary 
from those of striped bass (Figure A4-9).  Since white perch and striped bass larvae have similar 
longitudinal distributions in the Patuxent River (Campfield 2004 as illustrated here in Figure A4-
5); it follows that the highest densities of wild American shad larvae would tend to be found up-
estuary from those of white perch as well. 
 
Added weight for this conclusion is provided by a study of stable isotopes of carbon and sulfur in 
the muscle tissue of age 0 American shad on their seaward migration from the York river 
(Hoffman et al. 2007) which indicated that the juveniles had remained in freshwater and 
oligohaline portions of the estuary prior to their migration.  
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Figure A4.9.  Adapted from Bilkovic et al. (2002).  Total American shad and striped bass density 
(eggs and larvae) for Mattaponi and Pamunkey Rivers (other tidal rivers of the Chesapeake Bay 
estuary) for 1997–99 in “bongo” plankton net and pushnet collections.  Note that American shad 
are distributed further up estuary than striped bass. 
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In conclusion, multiple lines of evidence indicate that using the longitudinal distribution of white 
perch as a surrogate for the longitudinal distribution of Alosa species would be environmentally 
conservative (Longitudinal distribution meaning the percent of the contribution of densities at 
particular stations relative to the total density over all stations).   Specific data for hickory shad 
are limited but it seems likely that they would be similar to other Alosa species in this respect.  
For example, Figure A4-7 supports the conclusion that they are distributed similar to American 
Shad and Blueback herring 
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Appendix 5.  Generated length-frequency distributions in upper and lower part of nursery 
areas for herring species. 
 
For herrings, the length-frequency data needed for production foregone calculations were not 
available for a suitable representative species.  Therefore length data were generated using a two 
box simulation model.  Values for growth and mortality were taken from the literature.  The 
spatial pattern of mean lengths is based on observations from the river (Campfield 2004).  The 
simulation assumes that larvae hatched from eggs spawned in the upper part and lower parts of 
the nursery (upper box and lower box).  Those from the upper box were assumed to be 
transported down estuary, while those in the lower box were retained there.  Both groups of 
larvae were projected to follow the same growth and mortality based on a range of literature 
values for growth rate and species specific mortality rates.  The final distribution had the 
constraint that the mean length in the lower part of the nursery was 1.5 times larger than the 
mean length in the upper part of the area to be consistent with observations (Campfield 2004). 
 
Length distributions for a range of growth and mortality rates were generated for further analysis 
of herring species.  The American shad growth and mortality rate assumptions are based on 
Campfield (2004) and EPRI (2005).  River herring and gizzard shad growth and mortality rates 
were based on EPRI (2005) and Walsh et al. (2005).  
 
The logic of the computation starts with the initial assumptions (points 1 to 7) and then moves to 
the actual computation (points 8 to 10) was as follows: 

1. It was assumed that there were equal numbers of newly hatched larvae in upper and 
lower boxes (i.e. upper and lower parts of estuary).  (This is an environmentally 
conservative assumption for Alosa species because their primary spawning habitat is the 
upper estuary)   

2. The boundary of the between upper and lower boxes was set at river-km 60 which is 
about 20 kilometers above Chalk Point. (Campfield 2004). 

3. Assume same species specific hatching length (a),  growth rate (G)  and mortality rate (z) 
in upper and lower boxes 

4. length at time t (in days) is given by the expression: 
 length =  a + (G * t) 

5. Assume a fixed but unknown dispersal rate (d) between upper and lower boxes. 
6. The mean size difference between the upper and lower boxes is 1.5 (Campfield 2004). 
7. The size difference factor is the mean length upstream divided by the mean length 

downstream.  Using the terms above this is given by the following expression: 
    size.diff.fac*sum( N_zero * exp( -(z*t + d*t)) * (a+G*t) )  / 
                  sum( N_zero * exp( -(z*t + d*t)) )            = 
                  sum( N_zero * exp( -(z*t - d*t)) * (a+G*t) )  / 
                  sum( N_zero * exp( -(z*t - d*t)) ) 
 where the sums are taken over integer values of t from 1 to 55 days 
after hatching.          
8. Set size.diff.fac  to 1.5 and an arbitrary initial population size N_zero to 1000 and 

solve for d numerically. 
9. Compute the number of larvae in each box for time t up to 55 days after hatching: 

N.upper at time t = N_zero * exp( -(z*t + d*t)) 
N.lower at time t = N_zero * exp( -(z*t - d*t)) 
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10. Compute fractional length distribution by age as 
 Fraction.upper at age t = N.upper at time t / sum N.upper over t 

Fraction.lower at age t = N.lower at time t / sum N.lower over t 
 
The value of d was estimated to be 0.053 per day for American shad and 0.090 per day for river 
herring, which indicates migration from upstream to downstream. 
 
The generated length-frequency distributions are shown with separate traces for upper and lower 
parts of the nursery area (referred to as upper and lower boxes on the plots, Figures A5-1 and 
A5-2).   For American Shad at the slower growth, the higher frequencies for lengths of 15mm 
and above for the downstream box (blue curve) reflects the migration of larvae downstream 
(Figure A5-1, upper panel).  At the faster growth rate, the higher frequencies appear in the 
downstream box for lengths 20 and above (Figure A5-1, lower panel).  Similar patterns are 
apparent in the length-frequency distributions for river herring and gizzard shad (Figure A5-2). 
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Figures A5-1.  Fractional length frequency distributions for American shad by nursery area for 
slow and fast growth rates.  Upper Box is upper part of nursery area; lower box is lower part of 
nursery area. 
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Figures A5-2.  Fractional length frequency distributions for river herring and gizzard shad by 
nursery area for slow and fast growth rates.  Upper Box is upper part of nursery area; lower box 
is lower part of nursery area. 
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Appendix 6.  Density data used to model entrainment of anadromous/semianadromous fish 
eggs and larvae 
 
Tabular summaries of data used to fit models.  Table A6-1 shows white perch density data 
(along with salinity and conductivity data) that were used to model the distribution of the larvae.  
Table A6-2 has the density data for other anadromous/semianadromous fishes.   Tables A6-3 to 
A6-5 show the available data for the other years.  Note the data are complementary in some 
respects.  The 2005 data set is the only one with length data (for white perch); however it suffers 
from having incomplete seasonal coverage and no intake data.  Also the 2005 data are somewhat 
sparse in that the sampling frequency was every other week.  The 1977 data from the Academy 
of Natural Sciences (ANSP 1983) had complete seasonal coverage but no length data and no 
intake data.  The 1978 – 79 data from Chesapeake Biological laboratory (CBL) (Setzler et al. 
1979; Mihursky 1980) and ANSP (ANSP 1983) had complete seasonal coverage, intake data 
(from ANSP) but no length data.   
 
Egg data are included here only for striped bass.  Eggs of other anadromous/semianadromous 
species are demersal and population level effects due to entrainment are considered unlikely. 
 
ANSP collected density data from the Patuxent River and from the intake canal (Table A6-6).  
The ratio of these densities was used as an adjustment factor to estimate densities of larval white 
perch at the intake from mean densities at stations in the river located between the intake and 
discharge.  The original data are not available; however ANSP (1983) provides summary tables 
which list the mean densities of larvae at the intake and river (Table A6-6).  In 1978, the 
intake/river ratio was 0.30; in 1979 it was 0.29.  The rounded value (0.3) was used as the 
adjustment factor for both years. 
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1979. Chalk Point Steam Electric Station studies. Patuxent estuary studies. Ichthyoplankton 
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Table A6-1.  Density of white perch larvae in 2005.   
Data provided by Lisa Kerr (Kerr 2008). 
 

Density (N/ 100 m3)  
Station Length Bin Midpoint (mm) 

Num. Code 
River 
km 

Salinity 
(ppt) 

Cond 
(uS) 2.5 4 6 9 14 

4/7/2005 
13 WF 77.6 0.1 184.1 2,233 784 0 0 0 
12 PX 76.4 0.1 184.4 12,533 1,709 0 0 0 
11 JB 73.5 0.1 181.7 9,052 1,474 0 0 0 
10 LC 71.8 0.1 180.9 3,073 675 0 0 0 
9 FL 68.8 0.1 173.4 944 129 0 0 0 
8 N 67.4 0.1 214.2 629 138 0 0 0 
7 SC 65.9 0.1 212.4 122 27 0 0 0 
6 CH 62.6 0.1 203.1 186 73 0 0 0 
5 WL 60.7 0.1 194.1 57 48 0 0 0 
4 LM 58.4 0.1 188.0 56 18 0 0 0 
3 HC 52.9 0.6 189.6 52 25 0 0 0 
2 TP 48.8 0.1 206.0 48 19 0 0 0 
1 EH 45.1 0.3 684.0 45 10 0 0 0 

4/21/2005 
13 WF 77.6 0.1 289.3 120 73 3 0 0 
12 PX 76.4 0.1 252.9 51 33 2 0 0 
11 JB 73.5 0.1 254.4 35 35 71 0 0 
10 LC 71.8 0.1 247.3 30 112 0 0 0 
9 FL 68.8 0.1 239.7 35 196 19 0 0 
8 N 67.4 0.1 253.2 103 324 87 0 0 
7 SC 65.9 0.1 235.6 66 328 97 0 0 
6 CH 62.6 0.1 243.8 126 537 201 0 8 
5 WL 60.7 0.1 224.9 36 240 38 0 0 
4 LM 58.4 0.1 237.9 34 730 75 0 0 
3 HC 52.9 0.2 269.3 354 2,430 340 0 31 
2 TP 48.8 0.7 1,091.0 242 214 152 0 0 
1 EH 45.1 2.2 3,556.5 73 40 0 0 49 

5/3/2005 
13 WF 77.6 0.1 278.0 131 51 0 0 0 
12 PX 76.4 0.1 277.0 78 117 49 16 0 
11 JB 73.5 0.1 279.0 252 243 112 127 0 
10 LC 71.8 0.1 281.5 231 335 46 147 0 
8 N 67.4 0.1 277.0 156 722 241 297 0 
7 SC 65.9 0.1 276.0 222 666 208 292 0 
6 CH 62.6 0.1 276.0 222 1,034 379 399 0 
4 LM 58.4 0.1 278.5 467 954 325 284 0 
3 HC 52.9 0.2 337.2 321 214 127 273 19 
2 TP 48.8 0.8 1,505.0 340 391 0 115 0 
1 EH 45.1 2.4 4,343.5 156 191 0 0 0 
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Table A6-1 Cont.  Density of white perch larvae in 2005.   
Data provided by Dr. Lisa Kerr (Kerr 2008). 
 

Density (N/ 100 m3) 
Station Length Bin Midpoint (mm) 

Num. Code 
River 
km 

Salinity 
(ppt) 

Cond 
(uS) 2.5 4 6 9 14 

5/19/2005 

13 WF 77.6 0.1 253.7 13 5 0 0 0 
12 PX 76.4 0.1 300.7 0 44 21 20 4 
9 FL 68.8 0.1 283.0 0 21 287 128 74 
7 SC 65.9 0.1 290.6 490 408 168 96 36 
5 WL 60.7 0.2 326.2 410 33 148 180 49 
4 LM 58.4 0.2 354.0 234 261 81 261 63 
3 HC 52.9 0.5 920.5 117 75 30 104 37 
2 TP 48.8 2.4 4,288.0 87 95 4 0 0 
1 EH 45.1 4.1 6,975.0 0 3 0 0 0 

5/31/2005 
13 WF 77.6 0.1 268.1 289 179 29 146 29 
12 PX 76.4 0.1 248.1 89 17 15 79 0 
10 LC 71.8 0.1 249.8 837 236 215 815 43 
8 N 67.4 0.1 236.7 225 306 74 404 53 
6 CH 62.6 0.1 249.7 196 131 26 225 51 
4 LM 58.4 0.2 345.9 347 50 38 236 122 
1 EH 45.1 3.9 6,985.0 1 0 0 0 0 
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Table A6-2.  Ichthyoplankton density data for other anadromous/semianadromous fishes  
(striped bass, yellow perch and herring species) in Patuxent River in 2005. 
Data provided by Dr. Lisa Kerr (Kerr 2008). 
 

Striped Bass Eggs 
Station Density ( N / 100 m3 ) 
sta stat 

River  
Km 4/7/2005 4/21/2005 5/3/2005 5/19/2005 5/31/2005 

13 WF 77.6 0 0 0 0   
12 PX 76.4 0 0 15 0 0 
11 JB 73.5 0 1 20     
10 LC 71.8 0 0 5   1 
9 FL 68.8 0 5       
8 N 67.4 0 53 12   19 
7 SC 65.9 0 39 72     
6 CH 62.6 0 109 109   0 
5 WL 60.7 1 186   2   
4 LM 58.4 13 535 579 19 156 
3 HC 52.9 39 4,745 551 6   
2 TP 48.8 16 645 53 1   
1 EH 45.1 1 92 17 0 0 

Striped Bass Larvae (Not measured) 
13 WF 77.6 0 0 0 0   
12 PX 76.4 0 0 0 0 0 
11 JB 73.5 0 0 0     
10 LC 71.8 0 0 0   0 
9 FL 68.8 0 0       
8 N 67.4 0 0 0   6 
7 SC 65.9 0 0 0     
6 CH 62.6 0 0 1   0 
5 WL 60.7 0 1   10   
4 LM 58.4 0 1 2 21 30 
3 HC 52.9 0 63 23 7   
2 TP 48.8 0 66 48 0   
1 EH 45.1 2 2 1 0 0 
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Table A6-2 Cont.  Ichthyoplankton density data for other anadromous/semianadromous fishes  
(striped bass, yellow perch and herring species) in Patuxent River in 2005. 
Data provided by Dr. Lisa Kerr (Kerr 2008). 
 

Yellow Perch  Larvae (Not measured) 
Station Denstiy ( N / 100 m3 ) 

Num. Code 
River  
Km 4/7/2005 4/21/2005 5/3/2005 5/19/2005 5/31/2005 

13 WF 77.6 130 0 0 0   
12 PX 76.4 282 1 0 0 0 
11 JB 73.5 246 10 3     
10 LC 71.8 160 8 2   0 
9 FL 68.8 361 6       
8 N 67.4 143 21 6   0 
7 SC 65.9 56 11 9     
6 CH 62.6 85 5 3   7 
5 WL 60.7 61 10   0   
4 LM 58.4 30 13 8 0 0 
3 HC 52.9 14 18 10 0   
2 TP 48.8 9 84 38 0   
1 EH 45.1 2 1 1 0 0 

Herrings  Larvae (Not measured) 
Station Denstiy ( N / 100 m3 ) 

Num. Code 
River  
Km 4/7/2005 4/21/2005 5/3/2005 5/19/2005 5/31/2005 

13 WF 77.6 5 83 78 41   
12 PX 76.4 20 62 77 14 375 
11 JB 73.5 36 149 239     
10 LC 71.8 13 54 215   511 
9 FL 68.8 5 36       
8 N 67.4 3 44 197   501 
7 SC 65.9 0 39 232     
6 CH 62.6 1 48 256   133 
5 WL 60.7 0 12   73   
4 LM 58.4 0 29 361 285 364 
3 HC 52.9 1 188 187 289   
2 TP 48.8 0 161 240 15   
1 EH 45.1 1 154 24 0 0 
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Table A6-3.  Ichthyoplankton density data for anadromous/semianadromous fishes (white perch, striped bass,  
yellow perch and herring species) in Patuxent River in 1977.  Adapted from ANSP (1983). 
 

White Perch Larvae and Juveniles ( N/ 100 m3 ) 
sta 

River  
Km 4/7/77 4/12/77 4/21/77 4/28/77 5/5/77 5/12/77 5/19/77 5/26/77 6/2/77 6/10/77 6/16/77 6/23/77 

1 74.8       796 211 462 39 37 249 15 36 2 
2 72.3 199 9 2,440 1,270 60 689 32 4 6 11 23 1 
3 71.0 211 6 1,935 1,631 39 1,192 11 20 5 4 0 0 
4 69.5 118 38 5,631 2,732 17 2,209 17 41 8 22 9 3 
5 68.1 540 127 3,476 1,510 27 778 5 52 1 3 1 1 
6 67.0 457 216 1,266 908 8 561 20 9 1 0 2 0 
7 65.8 1,625 752 3,065 252 15 106 5 20 10 11 7 3 
8 64.8 1,369 1,778 4,826   4 75 5 1 2 0 0 1 
9 62.3 2,722 4,400 1,835 31 4 9 7 2 6 19 3 0 

10 62.0 3,284 10,881 931 7 4 14 2 7 3 4 0 1 
11 60.0 2,815 2,874 253 9 7 14 9 6 0 0 0 0 
12 58.4   3,155 1,014 3 12 0 5 4 4 4 1 0 
13 57.0 9,525 1,751 449 4 27 29 13 2 5 0 7 0 
14 55.0 3,016 655 123 1 10 18 7 5 5 3 0 0 
15 54.0 2,146 60 40 5 52 8 8 2 4 2 1 2 
16 52.9 3,152 7 7 2 35 13 6 0 4 1 2   
17 51.8 123 0 7 2 51 10 1 3 4 0     
18 50.4 1,667 0 1 1 62 16 1 0 2 0 0   
19 48.8 842 0 37 9 63 2 1 0 2 0 0 0 
20 47.5 1,609 0 2 11 33 0 3 0 2 0 0   
21 46.7 2,623 0 0 21 46 1 0 0 3 1 0 0 
22 45.4 69 0 2 9 17 0 0 0 0 0 0   
23 44.5 116 0 1 8 6 0 0 0 0 0 1 0 
24 43.8 28 0 0 2 0 0 0 0 0 1 0 0 
25 43.0 41 0 0 15 4 0 0 0 0 0 0   
26 42.0 5 3 3 1 0 0 0 0 0 0 0   
27 40.6 1 1 0                   
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Table A6-3 Cont.  Ichthyoplankton density data for anadromous/semianadromous fishes (white perch, striped bass,  
yellow perch and herring species) in Patuxent River in 1977.  Adapted from ANSP (1983). 
 

Striped Bass  Eggs 
sta 

River  
Km 4/7/77 4/12/77 4/21/77 4/28/77 5/5/77 5/12/77 5/19/77 5/26/77 6/2/77 6/10/77 6/16/77 6/23/77 

1 74.8 - - - 0 0 0 0 0 0 0 0 0 
2 72.3 0 0 3 0 0 0 0 0 0 0 0 0 
3 71.0 0 0 0 0 0 0 0 0 0 0 0 0 
4 69.5 0 0 110 0 0 0 0 0 0 0 0 0 
5 68.1 0 0 78 7 0 0 0 0 0 0 0 0 
6 67.0 5 0 0 26 0 0 0 0 0 0 0 0 
7 65.8 59 245 217 0 23 0 0 0 0 0 0 0 
8 64.8 57 1,238 253 - 0 4 0 0 0 0 0 0 
9 62.3 99 695 938 21 48 14 2 0 0 0 0 0 

10 62.0 40 289 709 3 4 14 0 0 0 0 0 0 
11 60.0 44 179 118 21 7 0 70 0 0 0 0 0 
12 58.4 - 19 275 40 47 0 31 0 0 0 0 0 
13 57.0 37 0 214 19 51 0 53 0 0 0 0 0 
14 55.0 90 0 119 9 20 0 3 0 0 0 0 0 
15 54.0 45 0 55 1 11 0 0 0 0 0 0 0 
16 52.9 4 0 4 1 3 0 0 0 0 0 0 - 
17 51.8 19 0 44 0 7 0 0 0 0 0 - - 
18 50.4 0 0 0 1 3 0 0 0 0 0 0 - 
19 48.8 0 0 0 0 0 0 0 0 0 0 0 0 
20 47.5 0 0 0 0 3 0 0 0 0 0 0 - 
21 46.7 0 0 0 0 0 0 0 0 0 0 0 0 
22 45.4 0 0 0 3 0 0 0 0 0 0 0 - 
23 44.5 0 0 0 0 0 0 0 0 0 0 0 0 
24 43.8 0 0 0 0 0 0 0 0 0 0 0 0 
25 43.0 0 0 0 0 0 0 0 0 0 0 0 - 
26 42.0 0 0 0 0 0 0 0 0 0 0 0 - 
27 40.6 0 0 0 - - - - - - - - - 
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Table A6-3 Cont.  Ichthyoplankton density data for anadromous/semianadromous fishes (white perch, striped bass,  
yellow perch and herring species) in Patuxent River in 1977.  Adapted from ANSP (1983). 
 

Striped Bass  Larvae and Juveniles 
sta 

River  
Km 4/7/77 4/12/77 4/21/77 4/28/77 5/5/77 5/12/77 5/19/77 5/26/77 6/2/77 6/10/77 6/16/77 6/23/77 

1 74.8 - - - 9 3 0 0 0 3 0 0 0 
2 72.3 0 0 15 15 3 0 0 0 0 0 0 0 
3 71.0 0 0 20 3 0 0 0 0 0 0 0 0 
4 69.5 0 0 90 24 0 0 0 0 0 0 0 0 
5 68.1 0 0 52 17 0 0 0 0 0 0 0 0 
6 67.0 0 0 124 15 0 0 0 0 0 0 0 0 
7 65.8 0 0 217 11 0 0 5 2 0 0 0 0 
8 64.8 0 0 241 - 0 0 0 0 0 0 0 0 
9 62.3 0 0 351 0 4 0 2 0 0 0 0 0 

10 62.0 0 14 377 0 0 0 0 1 0 0 0 0 
11 60.0 0 10 336 0 3 0 1 1 0 0 0 0 
12 58.4 - 57 375 0 0 0 5 2 0 0 0 0 
13 57.0 6 51 340 0 0 0 0 1 0 0 0 0 
14 55.0 0 57 137 0 0 0 0 0 0 0 0 0 
15 54.0 20 10 84 0 0 0 0 0 0 0 0 0 
16 52.9 14 0 31 0 3 0 0 0 0 0 0 - 
17 51.8 11 0 154 0 0 0 0 0 0 0 - - 
18 50.4 24 0 7 0 3 0 0 2 0 0 0 - 
19 48.8 27 0 0 0 0 0 0 0 0 0 0 0 
20 47.5 155 0 0 0 0 0 0 0 0 0 0 - 
21 46.7 72 0 0 0 0 0 0 0 1 0 0 0 
22 45.4 0 0 0 0 0 0 0 0 0 0 0 - 
23 44.5 7 0 0 0 0 0 0 0 0 1 0 0 
24 43.8 3 0 0 0 0 0 0 0 0 0 0 0 
25 43.0 2 0 0 0 0 0 0 0 0 0 0 - 
26 42.0 0 0 0 0 0 0 0 0 0 0 0 - 
27 40.6 0 0 0 - - - - - - - - - 
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Table A6-3 Cont.  Ichthyoplankton density data for anadromous/semianadromous fishes (white perch, striped bass,  
yellow perch and herring species) in Patuxent River in 1977.  Adapted from ANSP (1983). 
 

Yellow Perch  Larvae and Juveniles 
sta 

River  
Km 4/7/77 4/12/77 4/21/77 4/28/77 5/5/77 5/12/77 5/19/77 5/26/77 6/2/77 6/10/77 6/16/77 6/23/77 

1 74.8 - - - 0 0 0 0 1 0 0 0 0 
2 72.3 1 0 10 3 0 0 0 0 0 0 0 0 
3 71.0 2 0 2 0 0 0 0 0 0 0 0 0 
4 69.5 2 2 15 0 0 7 0 0 0 0 0 0 
5 68.1 0 6 3 0 0 0 0 0 0 0 0 0 
6 67.0 10 6 10 0 0 0 0 0 0 0 0 0 
7 65.8 7 0 19 4 0 7 0 0 0 0 0 0 
8 64.8 6 0 8 0 0 4 0 0 0 0 0 0 
9 62.3 0 7 4 0 0 0 0 0 0 0 0 0 

10 62.0 11 14 7 0 0 0 0 0 0 0 0 0 
11 60.0 31 49 4 0 0 0 0 0 0 0 0 0 
12 58.4 - 10 4 0 0 0 0 0 0 0 0 0 
13 57.0 37 27 0 0 0 0 0 0 0 0 0 0 
14 55.0 3 10 4 0 0 0 0 0 0 0 0 0 
15 54.0 16 3 0 0 0 0 0 0 0 0 0 0 
16 52.9 28 0 0 0 0 0 0 0 0 0 0 - 
17 51.8 32 0 3 0 0 0 0 0 0 0 - - 
18 50.4 5 0 0 0 0 0 0 0 0 0 0 - 
19 48.8 0 0 0 0 0 0 0 0 0 0 0 0 
20 47.5 6 0 0 0 0 0 0 0 0 0 0 - 
21 46.7 20 0 0 0 0 0 0 0 0 0 0 0 
22 45.4 3 0 0 0 0 0 0 0 0 0 0 - 
23 44.5 4 0 0 0 0 0 0 0 0 0 0 0 
24 43.8 0 0 0 0 0 0 0 0 0 0 0 0 
25 43.0 1 0 0 0 0 0 0 0 0 0 0 - 
26 42.0 0 0 0 0 0 0 0 0 0 0 0 - 
27 40.6 0 0 0 - - - - - - - - - 
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Table A6-3 Cont.  Ichthyoplankton density data for anadromous/semianadromous fishes (white perch, striped bass,  
yellow perch and herring species) in Patuxent River in 1977.  Adapted from ANSP (1983). 
 

Herrings  Larvae and Juveniles ( N/ 100 m3 ) 
sta 

River  
Km 4/7/77 4/12/77 4/21/77 4/28/77 5/5/77 5/12/77 5/19/77 5/26/77 6/2/77 6/10/77 6/16/77 6/23/77 

1 74.8 - - - 417 156 415 62 98 27 14 0 0 
2 72.3 0 0 179 428 83 266 24 39 14 7 4 0 
3 71.0 0 3 195 566 66 310 18 157 7 1 2 31 
4 69.5 0 2 485 721 17 634 14 114 47 11 20 14 
5 68.1 0 3 171 51 17 443 35 100 7 2 2 2 
6 67.0 0 0 172 104 0 298 31 41 14 6 38 10 
7 65.8 1 0 202 7 0 5 38 43 52 25 128 45 
8 64.8 0 3 237 - 4 75 36 12 0 7 100 12 
9 62.3 0 0 41 0 7 5 16 11 43 57 13 0 

10 62.0 4 0 69 3 0 29 9 14 9 10 15 0 
11 60.0 0 0 49 0 0 0 13 1 37 4 0 0 
12 58.4 - 0 29 0 0 0 2 0 18 0 8 0 
13 57.0 3 0 32 0 0 4 3 0 11 0 2 0 
14 55.0 0 0 14 0 0 4 2 2 44 2 2 2 
15 54.0 0 0 4 0 0 0 2 0 5 0 0 0 
16 52.9 0 0 0 0 0 1 1 0 7 3 0 - 
17 51.8 0 0 3 0 3 0 0 0 2 0 - - 
18 50.4 0 0 0 0 0 2 0 0 13 0 0 - 
19 48.8 0 0 0 0 0 0 0 0 2 0 0 0 
20 47.5 0 0 0 0 0 0 0 0 0 0 0 - 
21 46.7 0 0 0 0 0 0 0 0 0 0 0 0 
22 45.4 0 0 0 0 0 0 0 0 2 0 0 - 
23 44.5 0 0 0 0 0 0 0 0 2 0 0 0 
24 43.8 0 0 0 0 0 0 0 0 0 0 0 0 
25 43.0 0 0 0 0 0 0 0 0 2 0 0 - 
26 42.0 0 0 0 0 0 0 0 0 0 0 0 - 
27 40.6 1 1 0 - - - - - - - - - 
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Table A6-4.  Ichthyoplankton density data for anadromous/semianadromous fishes (white perch, striped bass,  
yellow perch and herring species) in Patuxent River in 1978 & 1979.  Adapted from Setzler et al. 1979; Mihursky 1980. 
 

CBL study - 1978  
White Perch Larvae and Juveniles ( N/ 100 m3 )  

sta 
River  
Km 4/4/78 4/11/78 4/18/78 4/25/78 5/1/78 5/9/78 5/16/78 5/23/78 5/31/78 6/13/78 6/27/78 7/12/78  

1 80.5 0 18 646 16 4 3 4 2,036 131 0 0 -  
2 74.6 1 555 199 32 253 29 134 4,814 127 201 7 -  
3 71.2 61 4,725 2,936 203 425 417 93 2,896 5,841 189 24 -  
4 67.0 111 2,431 2,739 551 2,316 432 110 2,938 4,618 89 31 -  
5 58.6 270 1,326 3,675 8,940 686 346 1,452 1,390 375 18 4 -  
6 53.9 15 1,212 139 724 1 23 335 537 9 2 1 0.0  
7 50.6 0 706 27 4 1 5 73 173 1 1 1 0.0  
8 46.7 0 604 33 2 0 6 5 46 0 0 0 0.0  
9 43.6 0 0 8 0 1 0 1 0 0 0 0 0.0  

10 40.5 0 0 1 0 0 1 0 0 0 0 0 0.0  
11 34.5 0 0 0 0 0 0 0 0 0 0 0 0.0  
12 28.0 0 0 0 0 0 0 0 0 0 0 0 0.0  

                   
CBL study - 1979 

White Perch Larvae and Juveniles ( N/ 100 m3 ) 
sta 

River  
Km 3/29/79 4/6/79 4/12/79 4/19/79 4/25/79 5/2/79 5/10/79 5/17/79 5/24/79 5/31/79 6/6/79 6/14/79 6/21/79 

3 71.2 0.7 68.7 230.7 108.9 144.5 380.1 51.5 136.2 130.4 69.6 3.6 27.6 23.6 
4 67.0 0.0 458.3 557.7 1,402.9 577.5 553.1 114.3 9.8 0.0 33.7 19.4 30.0 28.8 
5 58.6 0.1 2,735.1 656.7 2,481.8 1,058.3 142.9 62.4 17.9 37.4 0.6 65.5 16.1 17.2 
6 53.9 0.6 1,053.9 10,700.5 472.2 1,229.9 0.9 62.0 0.0 27.1 0.0 148.8 0.0 0.0 
7 50.6 0.0 191.8 767.8 71.1 70.6 1.2 0.0 0.0 0.0 0.0 101.6 0.0 0.0 
8 46.7 0.0 1,823.4 605.6 22.7 4.9 0.0 1.4 0.0 0.0 0.0 24.8 0.0 0.0 
9 43.6 0.0 4.3 124.0 12.2 14.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

10 40.5 0.0 20.1 5.2 3.6 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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Table A6-4 Cont.  Ichthyoplankton density data for anadromous/semianadromous fishes (white perch, striped bass,  
yellow perch and herring species) in Patuxent River in 1978 & 1979.  Adapted from Setzler et al. 1979; Mihursky 1980. 
 

CBL study - 1978  
Striped Bass  Eggs ( N/ 100 m3 )  

sta 
River  
Km 4/4/78 4/11/78 4/18/78 4/25/78 5/1/78 5/9/78 5/16/78 5/23/78 5/31/78 6/13/78 6/27/78 7/12/78  

1 71.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -  
2 67.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -  
3 58.6 0.0 0.0 0.0 0.0 0.1 34.4 0.0 0.0 0.0 0.0 0.0 -  
4 53.9 0.0 71.7 11.3 22.7 1,554.5 163.5 0.7 0.0 0.0 0.0 0.0 -  
5 58.6 0.0 2,849.8 23.0 4,258.7 1,080.3 1,319.2 274.6 8.2 0.0 0.0 0.0 -  
6 53.9 0.0 409.0 0.1 846.6 2.0 37.3 25.0 1.8 0.0 0.0 0.0 0.0  
7 50.6 0.0 46.8 0.0 6.2 0.6 8.5 1.7 0.2 0.0 0.0 0.0 0.0  
8 46.7 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  
9 43.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  

10 34.5 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0  
11 34.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  
12 40.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  

               
CBL study - 1979 

Striped Bass  Eggs ( N/ 100 m3 ) 
sta 

River  
Km 3/29/79 4/6/79 4/12/79 4/19/79 4/25/79 5/2/79 5/10/79 5/17/79 5/24/79 5/31/79 6/6/79 6/14/79 6/21/79 

3 71.2 0.0 0.0 0.0 0.0 0.0 0.3 0.0 2.8 0.0 0.0 0.0 0.0 0.0 
4 67.0 0.0 0.0 0.4 2.1 3.9 242.7 45.6 2.9 0.0 0.0 0.0 0.0 0.0 
5 58.6 0.0 0.0 1.6 168.0 381.0 286.8 44.6 0.0 10.5 0.0 0.0 0.0 0.0 
6 53.9 0.0 0.0 2.9 10.2 112.5 0.0 38.1 0.0 0.0 0.0 0.0 0.0 0.0 
7 50.6 0.0 0.0 0.7 7.4 27.2 1.2 5.4 0.0 0.0 0.0 0.0 0.0 0.0 
8 46.7 0.0 0.0 0.0 0.0 0.0 0.0 3.4 0.0 0.0 0.0 0.0 0.0 0.0 
9 43.6 0.0 0.0 0.0 1.7 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

10 40.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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Table A6-4 Cont.  Ichthyoplankton density data for anadromous/semianadromous fishes (white perch, striped bass,  
yellow perch and herring species) in Patuxent River in 1978 & 1979.  Adapted from Setzler et al. 1979; Mihursky 1980. 
 

CBL study - 1978  
Striped Bass  Larvae and Juveniles ( N/ 100 m3 )  

sta 
River  
Km 4/4/78 4/11/78 4/18/78 4/25/78 5/1/78 5/9/78 5/16/78 5/23/78 5/31/78 6/13/78 6/27/78 7/12/78  

1 71.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -  
2 67.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -  
3 58.6 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 -  
4 53.9 0.0 0.0 5.3 1.4 1.7 0.0 0.0 0.0 0.0 0.0 0.0 -  
5 58.6 0.0 2.2 0.7 1.2 10.7 0.8 2.4 11.8 3.6 0.6 0.0 -  
6 53.9 0.0 1.0 0.1 0.0 0.0 0.3 19.0 8.5 0.6 0.0 0.0 9.6  
7 50.6 0.0 0.5 0.0 0.0 0.0 0.1 7.0 11.9 0.0 0.0 0.0 2.1  
8 46.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 108.2 0.0 0.0 0.0 0.6  
9 43.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0  

10 34.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  
11 34.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  
12 40.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  

                             
CBL study - 1979 

Striped Bass  Larvae and Juveniles ( N/ 100 m3 ) 
sta 

River  
Km 3/29/79 4/6/79 4/12/79 4/19/79 4/25/79 5/2/79 5/10/79 5/17/79 5/24/79 5/31/79 6/6/79 6/14/79 6/21/79 

3 71.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
4 67.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
5 58.6 0.0 0.0 0.0 0.0 11.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
6 53.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
7 50.6 0.0 0.0 0.0 0.7 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
8 46.7 0.0 4.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
9 43.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

10 40.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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Table A6-4 Cont.  Ichthyoplankton density data for anadromous/semianadromous fishes (white perch, striped bass,  
yellow perch and herring species) in Patuxent River in 1978 & 1979.  Adapted from Setzler et al. 1979; Mihursky 1980. 
 

CBL study - 1978  
Yellow Perch  Larvae and Juveniles ( N/ 100 m3 )  

sta 
River  
Km 4/4/78 4/11/78 4/18/78 4/25/78 5/1/78 5/9/78 5/16/78 5/23/78 5/31/78 6/13/78 6/27/78 7/12/78  

1 71.2 0.0 38.7 0.4 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -  
2 67.0 0.0 56.1 2.4 5.4 0.1 0.1 0.0 0.0 0.0 0.0 0.0 -  
3 58.6 0.0 48.7 97.1 6.2 0.8 0.8 0.0 0.0 0.0 0.0 0.0 -  
4 53.9 0.0 23.6 26.1 15.2 1.4 1.4 0.1 0.6 0.0 0.0 0.0 -  
5 58.6 0.0 9.3 12.4 48.7 0.0 0.0 0.6 0.1 0.0 0.0 0.0 -  
6 53.9 0.1 3.3 1.2 24.7 0.0 0.0 0.9 0.6 0.0 0.0 0.0 0.0  
7 50.6 0.0 2.9 0.4 0.0 0.1 0.1 0.4 0.0 0.0 0.0 0.0 0.0  
8 46.7 0.0 1.6 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  
9 43.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  

10 34.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  
11 34.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  
12 40.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  

      
CBL study - 1979 

Yellow Perch  Larvae and Juveniles ( N/ 100 m3 ) 
sta 

River  
Km 3/29/79 4/6/79 4/12/79 4/19/79 4/25/79 5/2/79 5/10/79 5/17/79 5/24/79 5/31/79 6/6/79 6/14/79 6/21/79 

3 71.2 0.0 168.8 29.8 1.9 1.0 1.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
4 67.0 0.0 98.6 56.9 34.8 2.9 4.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
5 58.6 0.0 51.3 64.6 56.0 8.3 4.5 0.5 0.0 0.0 0.0 0.0 0.0 0.0 
6 53.9 0.0 16.9 144.1 4.5 64.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
7 50.6 0.0 44.0 143.3 24.5 36.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
8 46.7 0.0 4.5 71.7 22.4 4.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
9 43.6 0.0 0.9 12.9 8.2 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

10 40.5 0.0 0.5 1.3 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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Table A6-4 Cont.  Ichthyoplankton density data for anadromous/semianadromous fishes (white perch, striped bass,  
yellow perch and herring species) in Patuxent River in 1978 & 1979.  Adapted from Setzler et al. 1979; Mihursky 1980. 
 

CBL study - 1978  
Herrings  Larvae and Juveniles ( N/ 100 m3 )  

sta 
River  
Km 4/4/78 4/11/78 4/18/78 4/25/78 5/1/78 5/9/78 5/16/78 5/23/78 5/31/78 6/13/78 6/27/78 7/12/78  

1 71.2 0.0 0.0 0.6 5.5 0.2 0.2 13.6 119.8 145.7 4.5 20.5 -  
2 67.0 0.0 0.3 0.8 8.5 4.5 22.2 244.9 1,135.9 166.8 131.3 71.4 -  
3 58.6 0.0 1.3 15.9 11.8 15.5 26.7 91.9 424.5 19.2 338.0 231.1 -  
4 53.9 0.0 0.4 4.4 8.1 18.2 23.1 116.7 983.5 338.4 246.6 62.5 -  
5 58.6 0.0 0.0 0.0 6.1 8.0 9.7 166.9 272.5 86.6 43.9 0.0 -  
6 53.9 0.0 0.0 0.0 3.1 0.5 1.6 79.8 179.4 1.0 1.0 0.0 9.6  
7 50.6 0.0 0.0 0.0 0.1 0.1 0.5 42.9 109.5 0.1 1.9 0.0 2.1  
8 46.7 0.0 0.0 0.0 0.0 0.0 0.9 4.9 0.0 0.0 0.0 0.0 0.6  
9 43.6 0.0 0.0 0.0 0.0 0.0 0.2 0.2 1.9 0.8 0.0 0.0 0.0  

10 34.5 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.2 0.0 0.0 0.0  
11 34.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.2 0.0 0.0 0.0  
12 40.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  

                            

CBL study - 1979 
Herrings  Larvae and Juveniles ( N/ 100 m3 ) 

sta 
River  
Km 3/29/79 4/6/79 4/12/79 4/19/79 4/25/79 5/2/79 5/10/79 5/17/79 5/24/79 5/31/79 6/6/79 6/14/79 6/21/79 

3 71.2 0.0 3.3 0.6 0.0 2.6 36.5 85.2 62.3 118.6 23.4 2.2 0.0 0.0 
4 67.0 0.0 0.5 0.0 1.6 5.8 48.3 48.5 42.5 47.3 17.1 4.6 0.0 0.0 
5 58.6 0.0 0.6 0.4 1.9 3.4 28.9 21.0 6.6 19.7 20.8 12.8 0.0 0.0 
6 53.9 0.6 0.0 3.2 5.7 3.0 0.0 8.3 0.7 7.8 1.3 17.2 0.0 0.0 
7 50.6 0.0 0.0 0.7 0.7 3.3 0.6 2.0 0.0 0.0 0.0 35.2 0.0 0.0 
8 46.7 0.0 0.0 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.6 111.7 0.0 0.0 
9 43.6 0.2 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.3 0.0 10.6 0.0 0.0 

10 40.5 0.0 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 
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Table A6-5.  Ichthyoplankton density data for anadromous/semianadromous fishes  
(white perch, striped bass, yellow perch and herring species) at Chalk Point Station Intake 
in 1978 & 1979.  Adapted from ANSP 1983. 
 

ANSP - 1978 
White 
perch Striped bass 

Yellow 
perch Herring 

Date 
Larva &  

Juv Egg 
Larva &  

Juv 
Larva &  

Juv 
Larva & 

Juv 
3/23/78 0.0 0.0 0.0 0.0 0.0 
3/30/78 0.0 0.0 0.0 0.0 0.0 
4/4/78 0.3 0.0 0.0 0.0 0.0 
4/6/78 1.7 0.0 0.0 0.0 0.0 

4/10/78 4.3 0.0 0.0 0.0 0.0 
4/13/78 27.4 0.0 0.2 0.0 0.0 
4/17/78 21.4 0.0 0.0 0.8 0.0 
4/20/78 4.9 0.0 0.0 0.2 0.0 
4/24/78 0.2 0.0 0.0 0.0 0.0 
4/27/78 0.2 0.0 0.0 0.0 0.0 
5/1/78 0.0 0.0 0.0 0.0 0.0 
5/5/78 0.2 0.0 0.0 0.0 0.0 
5/9/78 0.0 0.0 0.0 0.0 0.0 

5/11/78 0.0 0.0 0.0 0.0 0.0 
5/16/78 1.5 0.0 0.0 0.0 2.6 
5/18/78 127.8 0.0 0.3 0.0 77.2 
5/22/78 0.2 0.0 0.0 0.0 9.3 
5/25/78 0.0 0.0 0.0 0.0 1.0 
5/29/78 0.2 0.0 0.0 0.0 0.2 
6/5/78 0.0 0.0 0.0 0.0 0.0 

6/15/78 0.0 0.0 0.0 0.0 0.0 
6/22/78 0.5 0.0 0.0 0.0 0.0 
6/30/78 1.1 0.0 0.0 0.0 0.0 
7/4/78 2.3 0.0 0.0 0.0 0.0 

7/11/78 0.4 0.0 0.0 0.0 0.0 
7/18/78 0.0 0.0 0.0 0.0 0.0 
7/24/78 0.0 0.0 0.0 0.0 0.0 
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Table A6-5 Cont.  Ichthyoplankton density data for anadromous/semianadromous fishes  
(white perch, striped bass, yellow perch and herring species) at Chalk Point Station Intake 
in 1978 & 1979.  Adapted from ANSP 1983. 
 

ANSP - 1979 
White 
perch Striped bass 

Yellow 
perch Herring 

Date 
Larva &  

Juv Egg 
Larva &  

Juv 
Larva &  

Juv 
Larva & 

Juv 
3/29/79 0.4 0.0 0.0 0.0 0.0 
4/2/79 0.4 0.0 0.0 0.0 0.0 
4/5/79 3.5 0.0 0.0 0.2 0.0 

4/10/79 60.5 0.0 0.3 6.4 0.0 
4/12/79 2.0 0.0 0.0 6.8 0.2 
4/19/79 20.4 0.0 0.0 8.6 0.2 
4/23/79 0.2 0.0 0.0 2.7 0.0 
4/27/79 0.0 0.0 0.0 0.0 0.0 
4/30/79 0.0 0.0 0.0 0.0 0.0 
5/4/79 0.0 0.0 0.0 0.0 0.0 
5/8/79 0.0 0.0 0.0 0.0 0.0 

5/10/79 0.2 0.0 0.0 0.0 0.0 
5/15/79 0.0 0.0 0.0 0.0 0.2 
5/19/79 0.0 0.0 0.0 0.0 0.0 
5/21/79 0.0 0.0 0.0 0.0 0.0 
5/25/79 0.0 0.0 0.0 0.0 0.0 
5/29/79         0.0 
5/31/79 0.0 0.0 0.0 0.0 0.2 
6/4/79 0.0 0.0 0.0 0.0 0.0 

6/11/79 0.0 0.0 0.0 0.0 0.0 
6/18/79 0.0 0.0 0.0 0.0 0.0 
6/25/79 0.0 0.0 0.0 0.0 0.0 
7/3/79 0.0 0.0 0.0 0.0 0.0 
7/9/79 0.0 0.0 0.0 0.0 0.0 

7/16/79 0.0 0.0 0.0 0.0 0.0 
7/26/79 0.0 0.0 0.0 0.0 0.0 
7/30/79 0.0 0.0 0.0 0.0 0.0 
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Table A6-6.  Comparison of densities of white perch in the Patuxent River adjacent to Chalk 
Point Station and densities in the intake canal. 
 

Larval & Juv. 
Density 

( N / 100 m3 ) 

Larval & Juv. 
Density 

( N / 100 m3 ) 
Date Intake River Date Intake River 

03/23/78 0 2.2       
03/30/78 0 0 03/29/79 0 0.1 
04/04/78 0.3 4.5 04/02/79 0.4 1 
04/06/78 1.7 11.8 04/05/79 0.4 13.1 
04/10/78 4.3 7.6 04/10/79 3.5 275.1 
04/13/78 27.3 18.2 04/12/79 60.5 19.5 
04/17/78 21.3 36.2 04/19/79 2 5.9 
04/20/78 4.9 11.3 04/23/79 20.3 1 
04/24/78 0.2 0.3 04/27/79 0.2 0.6 
04/27/78 0.2 1.5 04/30/79 0 0.5 
05/01/78 0 0 05/04/79 0 0 
05/05/78 0.2 0 05/08/79 0 0.6 
05/09/78 0 8.8 05/10/79 0.2 2 
05/11/78 0 1.3 05/15/79 0 0 
05/16/78 1.5 152 05/19/79 0 0 
05/18/78 127.8 360 05/21/79 0 0.1 
05/22/78 0.2 18.5 05/25/79 0 0.4 
05/25/78 0 0.6 05/29/79   0 
05/29/78 0.2 0.2 05/31/79 0 0 
06/05/78 0 0 06/04/79 0 0.1 
06/15/78 0 0.2 06/11/79 0 0.3 
06/22/78 0.5 2 06/18/79 0 0 
06/30/78 1.1 2.2 06/25/79 0 0 
07/04/78 2.2 6.1 07/03/79 0 0.1 
07/11/78 0.4 0.3       
07/18/78 0 0.3       

Mean 7.47 24.85 Mean 3.98 13.93 

Intake/River 
 Ratio 0.30   

Intake/River
 Ratio 0.29   
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Appendix 7.  Graphics used to evaluate model predicted densities of anadromous/ 
semianadromous fish larvae 
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Figure A7-1 – Time series plots of observed and model predicted larval densities for white perch 
for 2.5-mm length bin in 2005.  .  Densities values are log-transformed, i.e. log10(density + 1), 
where the original density units are N/100m3. 
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Figure A7-2 – Time series plots of observed and model predicted larval densities for white perch 
for 4-mm length bin in 2005.  .  Densities values are log-transformed, i.e. log10(density + 1), 
where the original density units are N/100m3. 



Appendix 7 

 A7-3

 
 

45 55 65 75

0
1

2
3

4

GAM  White Perch 9mm 4/7/2005

r_km

de
n.

p

45 55 65 75

0
1

2
3

4

GAM  White Perch 9mm 4/21/2005

r_km

de
n.

p

45 55 65 75

0
1

2
3

4

GAM  White Perch 9mm 5/3/2005

r_km

de
n.

p

45 55 65 75

0
1

2
3

4

GAM  White Perch 9mm 5/19/2005

r_km

de
n.

p

45 55 65 75

0
1

2
3

4

GAM  White Perch 9mm 5/31/2005

r_km

de
n.

p

 
Figure A7-3 – Time series plots of observed and model predicted larval densities for white perch 
for 9-mm length bin in 2005.  .  Densities values are log-transformed, i.e. log10(density + 1), 
where the original density units are N/100m3. 
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Figure A7-4 – Time series plots of observed and model predicted larval densities for white perch 
for 14-mm length bin in 2005.  .  Densities values are log-transformed, i.e. log10(density + 1), 
where the original density units are N/100m3. 
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Appendix 8.  Contour plots of model predicted densities of anadromous/ 
semianadromous fish larvae in the Patuxent River by river kilometer and date 
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Contour units are log-transformed, i.e. log10(density + 1), where the original density units are 
N/100m3; cyan higher densities; purple lower densities. 
 
Figure A8-1.  River_km – date contour plots of predicted larval densities for white perch for 2.5-
mm length bin in 2005. 
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Contour units are log-transformed, i.e. log10(density + 1), where the original density units are 
N/100m3; cyan higher densities; purple lower densities. 
 
Figure A8-2.  River_km – date contour plots of predicted larval densities for white perch for 4-
mm length bin in 2005. 
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Contour units are log-transformed, i.e. log10(density + 1), where the original density units are 
N/100m3; cyan higher densities; purple lower densities. 
 
Figure A8-3. River_km – date contour plots of predicted larval densities for white perch for 9-
mm length bin in 2005. 
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Contour units are log-transformed, i.e. log10(density + 1), where the original density units are 
N/100m3; cyan higher densities; purple lower densities. 
 
Figure A8-4.  River_km – date contour plots of predicted larval densities for white perch for 14-
mm length bin in 2005. 
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Contour units are log-transformed, i.e. log10(density + 1), where the original density units are 
N/100m3; cyan higher densities; purple lower densities. 
 
Figure A8--5.   River_km – date contour plots of predicted larval densities for herring spp. in  
2005. 
 



Appendix 8 

 A8-6

 

2005 GAM  Striped Bass Eggs
R

iv
er

 k
m

50

55

60

65

70

75

Apr 07 Apr 17 Apr 27 May 07 May 17 May 27

2005 GAM  Striped Bass Eggs
R

iv
er

 k
m

50

55

60

65

70

75

Apr 07 Apr 17 Apr 27 May 07 May 17 May 27

0.5

0.5

1.0

1.0

1.
5

1.
5

2.0

2.5

3.0

3.5

 
Contour units are log-transformed, i.e. log10(density + 1), where the original density units are 
N/100m3; cyan higher densities; purple lower densities. 
 
Figure A8-6.  River_km – date contour plots of predicted larval densities for striped bass eggs in 
2005. 
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Contour units are log-transformed, i.e. log10(density + 1), where the original density units are 
N/100m3; cyan higher densities; purple lower densities. 
 
Figure A8-7.  River_km – date contour plots of predicted larval densities for striped bass larvae 
in 2005. 
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Contour units are log-transformed, i.e. log10(density + 1), where the original density units are 
N/100m3; cyan higher densities; purple lower densities. 
 
Figure A8-8.  River_km – date contour plots of predicted larval densities for yellow perch larvae 
in 2005. 
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Appendix 9.  Graphics used to evaluate model predicted densities of bay anchovy and 
naked goby larvae in the discharge canal by diel period and length interval 
 
Models of the effect of diel period on entrainment of bay anchovy and naked goby entrainment 
were used to adjust entrainment estimates for clupeiform and perciform species, respectively, i.e. 
for herrings and perch & bass.  The use of the diel models facilitated accounting for diel 
fluctuations for larvae of different size for species lacking diel density data.  Figures A9-1a and 
A9-1b illustrate the model fit for bay anchovy in 3 mm length bins and Figure A9-2, the model 
fit for naked goby.   



Appendix 9 

 A9-2

 
 

0
1

2
3

4

GAM  Bay Anchovy  3 mm

date

lo
g1

0.
de

n.
p

Apr May Jun Jul Aug Sep Oct

0
1

2
3

4

GAM  Bay Anchovy  6 mm

date
lo

g1
0.

de
n.

p
Apr May Jun Jul Aug Sep Oct

0
1

2
3

4

GAM  Bay Anchovy  9 mm

date

lo
g1

0.
de

n.
p

Apr May Jun Jul Aug Sep Oct

0
1

2
3

4

GAM  Bay Anchovy  12 mm

date

lo
g1

0.
de

n.
p

Apr May Jun Jul Aug Sep Oct

 
 
Figure A9-1a.  Time series plots of observed and model predicted larval densities by diel period 
for 3-mm length bin from 3 to 12 mm (center points) of bay anchovy in 1987. 
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Figure A9-1b.  Time series plots of observed and model predicted larval densities by diel period 
for 3-mm length bin from 15 to 24 mm (center points) of bay anchovy in 1987. 
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Figure A9-2.  Time series plots of observed and model predicted larval densities by diel period 
for 3-mm length bin from 3 to 12 mm (center points) of naked goby in 1987. 
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Appendix 10.  Potential entrainment population loss estimates for anadromous/ 
semianadromous fish in the Patuxent River for current and historic studies 
 
Two entrainment scenarios are evaluated for each study year.  The “All Larvae” estimates are the 
losses for large and small larvae.  The “< 10 mm TL” estimates are the losses for small larvae less 
than 10 mm total length.  The wet year scenario assumes white perch larvae are distributed further 
down-estuary closer to the intake in a hypothetical wet year.  The drought year scenario assumes 
white perch larvae are distributed further up-estuary further from the intake in a hypothetical 
drought year. 
 
Table A10-1.  Potential population loss estimates for 1977. 
 

Growth Rate All Larvae < 10 mm TL 

Species Desc. 
(mm/ 
day) 

Ent. 
Mort 

Ent. 
Sum 

x 1000 

Ent. 
Mort 

x 1000 

Percent 
Potential
Pop Loss 

Ent. 
Sum 

x 1000 

Ent. 
Mort 

x 1000 

Percent 
Potential
Pop Loss 

0.6 Low 370 0.18% 232 0.03% Fast 
0.6 High 

426 
407 0.20% 

266 
255 0.03% 

0.4 Low 411 0.63% 294 0.06% 
All herring & 

 Gizzard shad 
Slow 

0.4 High 
472 

452 0.69% 
338 

323 0.06% 
Striped bass  egg     100% 58 58 0.01% 58 58 0.01% 

Low 427 2.96% 376 1.11% Fast 0.5 
High 

854 
641 4.41% 

752 
564 1.67% 

Low 427 4.88% 376 1.85% 
Striped bass  larva 

Slow 0.3 
High 

854 
641 7.24% 

752 
564 2.77% 

Low 4624 2.30% 4313 1.14% Fast 0.4 
High 

9248 
6936 3.43% 

8626 
6469 1.70% 

Low 4624 4.55% 4313 2.27% 
White Perch 

Slow 0.2 
High 

9248 
6936 6.75% 

8626 
6469 3.38% 

Low 32 2.49% 28 0.91% Fast 0.5 
High 

63 
48 3.71% 

56 
42 1.37% 

Low 32 4.11% 28 1.52% 
Yellow perch 

Slow 0.3 
High 

63 
48 6.11% 

56 
42 2.27% 
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Table A10-2.  Potential population loss estimates for 1978. 
 

Growth Rate All Larvae < 10 mm TL 

Species Desc. 
(mm/ 
day) 

Ent. 
Mort 

Ent. 
Sum 

x 1000 

Ent. 
Mort 

x 1000 

Percent 
Potential
Pop Loss 

Ent. 
Sum 

x 1000 

Ent. 
Mort 

x 1000 

Percent 
Potential
Pop Loss 

CBL river data used for Entrainment and River Production Estimates 
Low 2263 1.37% 1412 0.32% Fast 0.6 
High 

3003 
2757 1.67% 

1873 
1719 0.39% 

Low 2084 2.75% 1488 0.54% 
All herring & 

 Gizzard shad 
Slow 0.4 

High 
2765 

2538 3.34% 
1973 

1811 0.66% 
Striped bass  egg     100% 182 182 0.01% 182 182 0.01% 

Low 1257 20.43% 1101 11.45% Fast 0.5 
High 

2513 
1885 29.13% 

2201 
1651 16.75% 

Low 1257 31.83% 1101 18.46% 
Striped bass  larva 

Slow 0.3 
High 

2513 
1885 43.96% 

2201 
1651 26.58% 

Low 4490 0.52% 4168 0.32% Fast 0.4 
High 

8981 
6736 0.78% 

8336 
6252 0.48% 

Low 4490 1.04% 4168 0.64% 
White Perch 

Slow 0.2 
High 

8981 
6736 1.56% 

8336 
6252 0.96% 

Low 11 0.19% 10 0.09% Fast 0.5 
High 

22 
16 0.28% 

19 
14 0.13% 

Low 11 0.31% 10 0.15% 
Yellow perch 

Slow 0.3 
High 

22 
16 0.47% 

19 
14 0.22% 

ANSP intake data used for Entrainment Estimates and  
CBL river data used for River Production Estimates 

Low 2010 1.22% 1254 0.28% Fast 0.6 
High 

2871 
2584 1.56% 

1792 
1612 0.36% 

Low 2229 2.93% 1591 0.58% 
All herring & 

 Gizzard shad 
Slow 0.4 

High 
3184 

2865 3.76% 
2273 

2046 0.74% 
Striped bass  egg     100% 0 0 0.00% 0 0 0.00% 

Low 15 0.20% 14 0.14% Fast 0.5 
High 

29 
22 0.30% 

27 
20 0.20% 

Low 15 0.20% 14 0.14% 
Striped bass  larva 

Slow 0.3 
High 

29 
22 0.30% 

27 
20 0.20% 

Low 5657 0.47% 5468 0.35% Fast 0.4 
High 

11314 
8486 0.70% 

10937 
8203 0.52% 

Low 5657 0.47% 5468 0.35% 
White Perch 

Slow 0.2 
High 

11314 
8486 0.70% 

10937 
8203 0.52% 

Low 29 0.36% 27 0.22% Fast 0.5 
High 

58 
44 0.54% 

54 
41 0.33% 

Low 29 0.36% 27 0.22% 
Yellow perch 

Slow 0.3 
High 

58 
44 0.54% 

54 
41 0.33% 
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Table A10-3.  Potential population loss estimates for 1979. 
 

Growth Rate All Larvae < 10 mm TL 

Species Desc. 
(mm/ 
day) 

Ent. 
Mort 

Ent. 
Sum 

x 1000 

Ent. 
Mort 

x 1000 

Percent 
Potential
Pop Loss 

Ent. 
Sum 

x 1000 

Ent. 
Mort 

x 1000 

Percent 
Potential
Pop Loss 

CBL river data used for Entrainment and River Production Estimates 
Low 4371 9.42% 2740 2.38% Fast 0.6 
High 

4989 
4783 10.27% 

3126 
2997 2.60% 

Low 4029 17.48% 2887 3.98% 
All herring & 

 Gizzard shad 
Slow 0.4 

High 
4598 

4408 18.97% 
3294 

3158 4.35% 
Striped bass  egg     100% 321 321 0.12% 321 321 0.12% 

Low 22 4.14% 19 2.19% Fast 0.5 
High 

44 
33 6.15% 

39 
29 3.27% 

Low 22 6.81% 19 3.63% 
Striped bass  larva 

Slow 0.3 
High 

44 
33 10.05% 

39 
29 5.40% 

Low 16780 3.25% 15569 2.09% Fast 0.4 
High 

33560 
25170 4.83% 

31139 
23354 3.13% 

Low 16780 6.40% 15569 4.15% 
White Perch 

Slow 0.2 
High 

33560 
25170 9.45% 

31139 
23354 6.17% 

Low 1381 5.29% 1205 2.63% Fast 0.5 
High 

2763 
2072 7.83% 

2410 
1807 3.92% 

Low 1381 8.67% 1205 4.35% 
Yellow perch 

Slow 0.3 
High 

2763 
2072 12.73% 

2410 
1807 6.46% 

ANSP intake data used for Entrainment Estimates and  
CBL river data used for River Production Estimates 

Low 18 0.04% 11 0.01% Fast 0.6 
High 

26 
24 0.05% 

16 
15 0.01% 

Low 20 0.10% 14 0.02% 
All herring & 

 Gizzard shad 
Slow 0.4 

High 
29 

26 0.13% 
21 

19 0.03% 
Striped bass  egg     100% 0 0 0.00% 0 0 0.00% 

Low 9 1.26% 8 0.86% Fast 0.5 
High 

18 
13 1.89% 

16 
12 1.28% 

Low 9 1.26% 8 0.86% 
Striped bass  larva 

Slow 0.3 
High 

18 
13 1.89% 

16 
12 1.28% 

Low 2556 0.38% 2468 0.29% Fast 0.4 
High 

5111 
3833 0.56% 

4935 
3702 0.43% 

Low 2556 0.38% 2468 0.29% 
White Perch 

Slow 0.2 
High 

5111 
3833 0.56% 

4935 
3702 0.43% 

Low 723 2.05% 672 1.32% Fast 0.5 
High 

1445 
1084 3.06% 

1345 
1008 1.97% 

Low 723 2.05% 672 1.32% 
Yellow perch 

Slow 0.3 
High 

1445 
1084 3.06% 

1345 
1008 1.97% 
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Table A10-4.  Potential population loss estimates for 2005. 
 

Growth Rate All Larvae < 10 mm TL 

Species Desc. 
(mm/ 
day) 

Ent. 
Mort 

Ent. 
Sum 

x 1000 

Ent. 
Mort 

x 1000 

Percent 
Potential
Pop Loss 

Ent. 
Sum 

x 1000 

Ent. 
Mort 

x 1000 

Percent 
Potential
Pop Loss 

Low 11 1.13% 3 0.16% Fast 0.8 
High 

16 
12 1.26% 

4 
3 0.18% 

Low 58 2.56% 14 0.25% 
American shad 

Slow 0.45 
High 

82 
64 2.86% 

20 
16 0.28% 

Low 1128 2.79% 621 0.60% Fast 0.6 
High 

1612 
1262 3.10% 

891 
694 0.67% 

Low 1225 5.23% 820 1.01% 
River herring 

Slow 0.4 
High 

1750 
1370 5.83% 

1175 
917 1.13% 

Low 56996 15.55% 35331 4.82% Fast 0.6 
High 

81422 
63761 17.16% 

50706 
39524 5.36% 

Low 52452 23.61% 37264 7.28% 
All herring & 

 Gizzard shad 
Slow 0.4 

High 
74931 

58669 25.94% 
53420 

41681 8.10% 
Striped bass  egg     100% 6159 6159 0.23% 6159 6159 0.23% 

Low 964 12.26% 850 5.36% Fast 0.5 
High 

1927 
1446 17.81% 

1699 
1274 7.94% 

Low 964 19.57% 850 8.79% 
Striped bass  larva 

Slow 0.3 
High 

1927 
1446 27.83% 

1699 
1274 12.92% 

Low 12854 1.14% 12045 0.70% Fast 0.4 
High 

25709 
19281 1.70% 

24089 
18067 1.05% 

Low 12854 2.27% 12045 1.40% 
White Perch 

Slow 0.2 
High 

25709 
19281 3.38% 

24089 
18067 2.10% 

Low 758 4.87% 668 2.29% Fast 0.5 
High 

1516 
1137 7.22% 

1336 
1002 3.42% 

Low 758 7.99% 668 3.79% 
Yellow perch 

Slow 0.3 
High 

1516 
1137 11.78% 

1336 
1002 5.64% 
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Table A10-5.  Potential population loss estimates for white perch for wet and drought year 
scenarios 
 
 

Growth Rate All Larvae < 10 mm TL 

Species Desc. 
(mm/ 
day) 

Ent. 
Mort 

Ent. 
Sum 

x 1000 

Ent. 
Mort 

x 1000 

Percent 
Potential
Pop Loss 

Ent. 
Sum 

x 1000 

Ent. 
Mort 

x 1000 

Percent 
Potential
Pop Loss 

Wet Year 
Low 84300 9.77% 76216 5.77%Fast 0.4 
High

168600
126450 14.28%

152432 
114324 8.53%

Low 84300 18.54% 76216 11.21%
White perch 

Slow 0.2 
High

168600
126450 26.41%

152432 
114324 16.35%

Drought Year 
Low 213 0.11% 199 0.05%Fast 0.4 
High

426
319 0.16%

397 
298 0.08%

Low 213 0.21% 199 0.11%
White perch 

Slow 0.2 
High

426
319 0.32%

397 
298 0.16%
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Appendix 11.  Tables showing computational details for estimates of equivalent juvenile 
loss and production forgone caused by entrainment of bay anchovy in 1987. 
 
This appendix has tables which show the spreadsheet computation of equivalent juvenile loss 
and production forgone caused by entrainment for bay anchovy in 1987.  The computations 
illustrated are for entrainment estimates grouped in 4-mm length intervals.  (See main body of 
text for computer program estimates for ungrouped data.)  
 
Only the tables for the 3-mm per week growth rate scenario are included.  Similar tables for a 
growth rate of 4-mm per week are available on request. 
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Length Interval (mm TL)

2 to 5 6 to 9 10 to 13 14 to 17 18 to 21 22 to 25 26 to 29 30 to 33
88.6% 43.2% 33.8% 27.5%59.1% 23.5% 20.3% 17.9%

Eggs as Equivalent Post-Yolk-Sac Larvae (millions)

11.4% 56.8% 66.2% 72.5%40.9% 76.5% 79.7% 82.1%
20.4% 72.5% 79.6% 84.1%58.1% 86.7% 88.7% 90.2%

Mort. Rate
Surv. Rate

S*

0.3 2 to 5

26.4

10 to 13 14 to 17 18 to 21 22 to 252 to 5 6 to 9 26 to 29 30 to 33

12.4 9.0 6.9 5.5 4.5
4.1 2.9 2.3 1.8 1.5

4.5
6.0 2 to 5

6 to 933.0
10.8 6.1

18.8

14 to 17 18 to 21 22 to 25 26 to 2910 to 13
Large Larvae (10 to 34 mm TL) (millions)

Small Larvae (2 to 10 mm TL) (millions)

20.6

30 to 33

7.0
7.6

0.7

5.6
6.0

Sum

0.4
0.7

15.2
20.1

30 to 33
26 to 29
22 to 25
18 to 21
14 to 17
10 to 13

Cum.
Total

Length
Interval

Cum.
Total

Length
Interval

Cum.
Total

Length
Interval

34 +

Equivalent Juveniles
(Length = 34 mm)

2 to 5 6 to 9 10 to 13 14 to 17 18 to 21 22 to 25 26 to 29 30 to 33
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0ent (mil)

ent (mil) 129.3 56.9 0.0 0.0 0.0 0.0 0.0 0.0

ent (mil) 28.5 15.8 11.3 0.8 0.3

9.1
9.9

N Tot (mil)a 28.5
36.4

37.6
36.6

29.6

43.9 24.9 16.5 12.0 9.2 7.3

N Tot (mil)a 129.3
83.3

24.0

0.3

6.0

20.1
26.4

N Tot (mil)a 48.5 5.5 2.3 1.3 0.9 0.6 0.5 0.4

S* = Adjusted initial survival rate is a special case and is computed as:
S* = 2S exp(-ln(1+S))  (EPRI 2005)

N Tot -- Numbers entrained plus survivors from previous length interval -- highlighted in blue

Numbers in body of table -- not highlighed -- are the survivors from one length interval to the next
The final N Tot value -- highlighted in yellow -- is the equivalent juvenile esitmate for eggs, small larvae, large larvae and overall sum.

a

8.1
9.512.5

13.7 7.3
7.0

5.6
5.8

1.3
5.8

10.6

(millions)

0.4
0.3

4.8
4.6

0.6
4.6

5.0

0.0

0.0

34 +

34 +

34 +

Table A11-1.  Computation of numbers equivalent juvenile bay anchovy losses resulting from entrainment of eggs, small larvae  
(2 to 10 mm TL) and large larvae (10 to 34 mm TL) assuming larval growth rate of 3 mm per week.  Arrows indicate flow of 
computations.  Estimates unadjusted for sampling efficiency.   
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Table A11-2.  Computation of production forgone equivalent juvenile bay anchovy losses resulting from entrainment of eggs, and 
small larvae (2 to 10 mm TL) assuming larval growth rate of 3 mm per week up to an equivalent length of 37 mm TL.  
 

Length Interval (mm TL)   

  2 to 5 6 to 9 10 to 13 14 to 17 18 to 21 22 to 25 26 to 29 30 to 33 34 to 37 

Instant. Mortaltity Rate (per Interval) -- Z 2.173 0.893 0.565 0.413 0.321 0.267 0.227 0.197 0.174 
Surv. Rate -- S 11.4% 40.9% 56.8% 66.2% 72.5% 76.5% 79.7% 82.1% 84.0% 

S* 20.4% 58.1% 72.5% 79.6% 84.1% 86.7% 88.7% 90.2% 91.3% 
Initial Mean Dry Wt (mg) - Wd 0.002 0.089 0.540 1.78 4.32 8.79 15.9 26.3 41.0 
Initial Mean Wet Wt (mg) - W 0.012 0.564 3.347 10.72 25.42 50.41 88.83 143.9 218.9 

Instant. Growth Rate as Wet Wt. 
(mg per Interval) -- G 3.86 1.78 1.16 0.86 0.68 0.57 0.48 0.42 0.37 

ProductionForegoneEq 
Len = 37 mm TLas Dry 

Wt.(kg) 

Equivalent Numbers Lost / Production Forgone for Eggs Strating Here as Equivalent Post-Yolk-Sac Larvae   

  2 to 5 6 to 9 10 to 13 14 to 17 18 to 21 22 to 25 26 to 29 30 to 33 34 to 37 
a N_Surv  (x10^6) 48.5 5.5 2.3 1.3 0.85 0.62 0.47 0.38 0.31   

b PFd (kg) 5.8 8.9 12.1 15.0 17.9 20.5 23.0 25.4 27.7 156.4 

Equivalent Numbers Lost - Small Larvae (2 to 10 mm TL)   

  2 to 5 6 to 9 10 to 13 14 to 17 18 to 21 22 to 25 26 to 29 30 to 33 34 to 37   
c ent (x10^6) 129.3 56.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

d N Tot  (x10^6) 129.3 26.4 33.0 18.8 12.4 9.0 6.9 5.5 4.5 
    83.3 10.8 6.1 4.1 2.9 2.3 1.8 1.5 
   43.9 24.9 16.5 12.0 9.2 7.3 6.0   

Production Foregone - Small Larvae (2 to 10 mm TL)     
e Initial PF (kg) 15.5 92.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0   

f PFd Tot (kg) 15.5 42.7 176.3 219.5 260.8 300.0 336.7 371.6 404.8   
    134.7 57.7 71.8 85.4 98.2 110.2 121.6 132.5   
   234.0 291.4 346.2 398.2 446.9 493.2 537.3 2,897 



Appendix 11 

 A11-4

Footnotes for Tables A11-2 and A11-3. 
 

Z - Length based instanteous mortality rate agregated over mortality rate per mm, the latter estimated by Loos  
  and Perry (1991) 
S = exp(Z) 
S*  = Adjusted initial survival rate is a special case and is computed as: 
S* = 2S e –ln(1+S)  (EPRI 2005) 
Wd = Initial Mean Dry Wt (mg) = exp(-1.8569 + 3.538768*ln(beging length))/1000  (Loos and Perry (1989) 
G = Instantaneous growth rate as wet weight  (mg/interval) = ln(Wd for next interval / Wd curreint interval) 

Eggs 
a N_Surv = hypothetical survivors from newly hatched larvae or previous length interval if there were no entrainment 
  mortality (i.e. only natural mortality) -- not highlighted 
b PF = Production Foregone for survivors from newly hatched larva or previous length interval 
  PF = G * N_Surv * W * (exp(G-Z)-1) / (G-Z). 
  The final PFd value -- highlighted in yellow -- is the total dry weight production forgone (kg) for lengths 
     up to 37 mm 

Upper partial diagonal matrix (Equivalent Numbers Lost for Larvae) 
c ent = initial entrainment mortality numbers in millions 
Numbers in body of matrix (N_Surv) -- not highlighted -- are the hypothetical survivors (if there was no entrainment 
  . mortality) from one length interval to the next 
d N Tot = Number numbers (mil) killed by entrained plus N_Surv from previous length interval -- highlighted in  
   pale blue 

Lower partial diagonal matrix (Production Forgone for  Larvae) 
  Each cell in this matrix is the production forgone associated with corresponding cell in upper matrix  
e Initial PFd = initial wet weight entrainment production foregone (kg) (i.e. PF for the length interval entrained)  
  PF = G * ent * W * (exp(Gd-Z)-1) / (G-Z). 
 Numbers in body of matrix -- not highlighted -- are the production foregone estimates associated with succeeding  
  length intervals in the upper matrix; PF = G* N_Surv *W*(exp(G-Z)-1) / (G-Z). 
f PF Tot = Sum of PF values for numbers killed by entrainment plus PF N_Surv from previous length interval 
 -- highlighted in pale green 
  The final PF value -- highlighted in yellow -- is the total wet weight production forgone (kg) for lengths 
     up to 37 mm 
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Table A11-3.  Computation of production forgone equivalent juvenile bay anchovy losses resulting from entrainment of  
large larvae (>= 10 mm TL) assuming larval growth rate of 3 mm per week up to an equivalent length of 37 mm TL.   
 

  Length Intervals (mm TL) 
  10 14 18 22 26 30 34 
  10 to 13 14 to 17 18 to 21 22 to 25 26 to 29 30 to 33 34 to 37 

Instant Mortaltity Rate 
(per Interval) -- Z 0.565 0.303 0.275 0.187 0.154 0.130 0.112 

Surv. Rate -- S 56.8% 66.2% 72.5% 76.5% 79.7% 82.1% 84.0% 
S* 72.5% 79.6% 84.1% 86.7% 88.7% 90.2% 91.3% 

Initial Mean Dry Wt (mg) - Wd 0.540 1.776 4.322 8.79 15.88 26.35 41.03 
Initial Mean Wet Wt (mg) - W 3.347 10.720 25.418 50.413 88.830 143.887 218.857 

Instant. Growth Rate as Wet Wt. 
(mg per Interval) -- G 1.164 0.863 0.685 0.57 0.48 0.42 0.37 

Production
Foregone 
Eq Len = 
37 mm TL
as Dry Wt.

(kg) 

Equivalent Numbers Lost - Large Larvae >= 10 mm TL     
  10 to 13 14 to 17 18 to 21 22 to 25 26 to 29 30 to 33 34 to 37   

ent (x10^6) 28.5 15.8 11.3 8.1 0.8 0.3 0.2   
a N Tot (x10^6) 28.5 20.6 12.5 9.5 7.0 0.7 0.3   

  36.4 13.7 9.1 7.3 5.6 0.6   
   37.6 9.9 7.0 5.8 4.6   
    36.6 7.6 5.6 4.8   
     29.6 6.0 4.6   
      24.0 5.0   
       19.9   

Production Foregone - Large Larvae >= 10 mm TL     
  10 to 13 14 to 17 18 to 21 22 to 25 26 to 29 30 to 33 34 to 37   

Inititial PF (kg) 151.9 195.4 244.1 279.8 39.2 23.5 15.2   
PFTot (kg) 151.9 256.1 270.0 331.3 354.2 48.0 28.0   

  451.5 293.9 316.1 370.3 389.6 52.2   
   808.0 344.1 353.2 407.2 423.3   
    1,271.4 384.5 388.4 442.4   
     1,501.4 422.9 422.1   
      1,679.6 459.5  
       1,842.7 7,707 
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Appendix 12.  Summary of biological information included in the Proposal for Information 
Collection (PIC) 
 

 
Summary of Biological Information related to Entrainment and Impingement 

 Chalk Point Generating Station 
Prepared by 

EPRIsolutions 
Jules J Loos, Principal Investigator 

January 2007 
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FORWARD 
 
The final 316(b) Phase II regulations for existing electric generating stations published in the Federal 
Register on July 9, 2004 (pages 41687 – 41688) contains the following language relative to existing data 
and the study plan for any new field studies: 

 
(1) Proposal For Information Collection. You must submit to the Director for review and approval a description of 
the information you will use to support your Study. The Proposal for Information must be submitted prior to the start of 
information collection activities, but you may initiate such activities prior to receiving comment from the Director. The 
proposal must include: 
.  .  . 
(ii) A list and description of any historical studies characterizing impingement and entrainment and/or the physical 
and biological conditions in the vicinity of the cooling water intake structures 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; 
.  .  . 
(iv) A sampling plan for any new field studies you propose to conduct in order to ensure that you have sufficient 
data to develop a scientifically valid estimate of impingement and entrainment 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 cooling water intake structure), and 
provide a taxonomic identification of the sampled or evaluated biological assemblages (including all life stages of 
fish and shellfish). 
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INTRODUCTION 
 
This document describes impingement and entrainment (IM&E) mortality characterization studies at the 
Chalk Point Generating Station, NPDES permit MD0002674, owned and operated by Mirant Chalk Point, 
LLC and located in Prince Georges County Maryland.  It withdraws coolant water from Swanson Creek 
near its confluence with the Patuxent River, which is in the mesohaline portion of the river, and 
discharges it upriver near Eagle Harbor Maryland in the oligohaline portion of the river.  This summary of 
existing biological information and plans for analysis of existing biological information is being done to 
comply with the Clean Water Act section 316(b) phase II rule which governs existing cooling water 
intake structures (CWIS) with a flow of 50 million gallons per day (mgd) or greater.   
 
To develop a logical study design one needs to first determine the data quality objectives.  Foremost 
among these is a description of the intended use of the data.  In this case, since Mirant has determined that 
it will compute a calculation baseline based on previous impingement mortality and entrainment (IM&E) 
estimates for Chalk Point Units 1 and 2 and will project those losses to estimate what the losses would 
have been if Units 3 and 4 had been constructed without cooling towers.  The Rule is based on the 
assumption of proportionality between flow and entrainment losses (see PIC Section 3).  With respect to 
entrainment, the last estimates of losses were based on field studies conducted in 1987.  While this was 
approximately 20 years ago, simple logic suggests that no matter how much the IM&E losses have 
changed since then, if there is a ratio relationship between flow and entrainment loss and if the reduction 
in flow caused by the cooling towers exceeds 60% as indicated in Section 3.1 of the PIC, then the plant 
already meets the entrainment reduction requirement of the rule.  Flow has been further reduced during 
the summer (by up to 33%) due to discontinuation of tempering pumps usage which previous pumped 
water directly from the intake canal to the discharge canal in order to reduce discharge canal 
temperatures. With respect to impingement, the double barrier net appears to reduce impingement by 
about 80% (Section 3.2 of the PIC).  Reduced flow due to cooling towers and discontinuation of 
tempering pumps usage would further reduce impingement relative to a Calculation Base Line so the 
plant meets the impingement reduction requirement of 80 to 90% specified in the rule. 
 
In any event the rule still requires numerical estimates of the Calculation Base Line.  There have been 
substantial changes in fish populations since the last submittal to MDE regarding IM&E losses in the late 
1980’s.  Fortunately there have been continued studies in the Patuxent River and Chesapeake Bay that 
will allow these estimates to be updated.  There will be a focus on simple estimates of numerical and 
biomass loss.  Estimates of effects on river populations and monetization of loss estimates is not required 
by the rule and will not be pursued since Mirant is using Compliance Alternative 2 for Chalk Point.  We 
do not believe new studies are warranted given the fact that the Calculation Base Line is not critical to 
computation of the percent reduction. 
 
The study plan first describes the environmental setting of the estuarine river segment of the Patuxent 
River based on available information.  The description focuses primarily on the fishery since this is the 
resource potentially affected by entrainment and impingement and special attention is given to threatened 
and endangered species.  Then there is a description of past impingement and entrainment studies and 
proposed analyses designed to update these estimates. 
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ENVIRONMENTAL SETTING 
 
Physical and Chemical Conditions 
The environmental setting of the Chalk Point Generating Station is described in the Academy of Natural 
Sciences (ANS) Chalk Point 316 demonstration studies (ANS 1983) and in similar but independent PPRP 
studies by Martin Marietta Environmental Systems (MMES, 1985).  Chalk Point is found near the 
confluence of Swanson Creek and the Patuxent River (Figure 1) close to  river mile 22 (Cronin and 
Prichard 1975) or River kilometer 46 (Hagy et al. 2000). 
 
Detailed realtime hydrodynamic modeling of the Patuxent was described by Edinger et al. (1989) and 
Buchak and Edinger (1990).  The inputs to this model include meteorology (i.e. short wave solar 
radiation, air temperature, dew point temperature and wind speed); fresh water flow and temperature at 
the freshwater boundary; tide-salinity profile and temperature profile at Chesapeake Bay boundary and 
Chalk Point plant operating data.  Although this modeling was done some time ago is seems to be the 
most thoroughly validated model application for the Patuxent in that it was found to accurately predict 
current velocities.  However the code developed for the Patuxent River application model is proprietary 
which limits its availability to other modelers.  The Chesapeake Bay Program model also predicts current 
velocity.  Its validation is described by Cerco and Noel (2005). 
 
Here we will rely on a simple box model developed by Hagy et al. (2000), which is simple enough for 
broad appeal.  Key results of this model are generally concordant with the hydrodynamic models.  The 
box model was validated by comparison of model predictions with salinity data at 9 stations (Figure 2) at 
3 m depth intervals from 1986 to 1995. 
 
Hagy et al. describe the Patuxent River estuary as follows: 

The Patuxent River estuary, Maryland, is an ideal site for this study because of the 
availability of a long-term and spatially resolved record of salinity collected by the 
Chesapeake Bay Water Quality Monitoring Program (Fig. [1]; Environmental 
Protection Agency Chesapeake Bay Program Office).  The estuary is approximately 
65 km in length, has a mean-low-water estuarine volume of 577 X 106 m3 and a 
surface area of 126 X 106 m2.  Over the most seaward 45 km, the estuary averages 
2.2 km in width and 6.0 m in depth (Cronin and Pritchard 1975). The tide has a mean 
range of 0.4 m near Solomons, Maryland, and increases landward to near 0.8 m . . . 
The water column is vertically mixed in the upper estuary and seasonally stratified in 
the lower estuary.  The area of the drainage basin above the fall line at Bowie, 
Maryland, is 901 km2, accounting for 39% of the total watershed area . . .  Fall line 
freshwater discharge averaged 9.6 m3 s–1 during 1986–1995. . . 

 
They describe freshwater inputs as follows: 

Freshwater inputs to the head of the estuary (box 1; Fig. [1]) dominated the water 
budget throughout the year .  .  .  During winter and spring, this input was 20–30  
m3 s–1 and contributed about 75% of the total inputs.  Through summer, it dropped to 
10-15 m3 s–1 but contributed up to 100% of the total freshwater input. During June 
and July, evaporation from the broad lower estuary exceeded direct precipitation plus 
diffuse runoff into the lower estuary .  .  . 
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Total freshwater input during the 1986-1995 average year ranged from 9.3 m3 s–1 in 
August to 40.2 m3 s–1 in March .  .  . For individual months during 1986-1996, the 
range in freshwater input was 0.6 m3 s–1 in August 1987 to 88.7 m3 s–1 during 
March 1994 floods. 

By comparison, the Chalk Point Station design flow for Units 1 and 2 is 30 m3 s–1 
 
The Patuxent River is a partially mixed estuary characterized by baroclinic circulation illustrated in 
Figures 1 and 2 (Adapted from Hagy et al.) which illustrates the box structure of the model.  The authors 
constructed a set of 6 boxes.  The main freshwater input is river flow into Box 1.  Landward advection is 
assumed to occur from Box 6 to Box 3.  Chalk Point is located near the boundary between Box 2 and 3.  
The intake is in Box 3 and the Discharge is in Box 2.   A shallow water sill at the boundary between Box 
2 and 3 is assumed to curtail landward advection to Box 2.   
 
Hagy et al. (2000) found that landward advection is strongly affected by salinity conditions at the 
Chesapeake Bay boundary which can override normal expectations related to river flow.  Typically one 
would expect lower layer transport up-estuary to increase with increasing river flow.  However this may 
not occur in the Patuxent River because increased flow in the Patuxent River may coincide with increased 
flow in the Susquehanna River which decreases the salinity gradient at the mouth of the river.  This makes 
prediction of bottom-layer upriver transport difficult.  Buchak et al noted that a large portion of bottom-
layer upriver transport during the bay anchovy spawning and nursery period may occur over relatively 
short periods (say one or two weeks in duration) (Buchak et al. 1989).  This appears to cause pulses in 
transport of bay anchovy larvae into the Patuxent River. 
 
A major concern for the mesohaline segment of the Patuxent  River is chronic low dissolved oxygen 
concentrations.  The low dissolved oxygen is due in part to over enrichment and in part to natural 
stratification which restricts circulation in deep water.  Like Chesapeake Bay, the Lower Patuxent River 
has a deep trench.  USEPA (2003) describes the circumstance as follows: 

The trench in the lower Patuxent River, . . . contains one of the 
deepest points in the Chesapeake Bay just off of Point Patience. The Patuxent River 
trench terminates at a sill at the mouth of the river . . . Dissolved oxygen 
concentrations become depressed beneath the pycnocline in the summer, but not to 
the degree they do in the mainstem Chesapeake Bay trench. These depressed 
dissolved oxygen concentrations may be due to pycnocline-disrupting turbulence as 
the river flows through the constriction at Point Patience. Below-pycnocline 
dissolved oxygen does not become completely replenished, but these waters do 
naturally reoxygenate enough to maintain levels high enough for a deep-water 
designated use . . . Given the depth of this trench, it is likely that hypoxia is a natural 
condition below the pycnocline in the summer. 

 
Mirant and Pepco monitored oxygen concentrations near Chalk Point for about 20 years.  It appears that 
hypoxia in the immediate vicinity of the intake is rare.  Nevertheless hypoxia in the river was considered 
severe enough to cause decreased fish production which leads to economic losses (Breitburg et al. 2003; 
Lipton and Hicks 2003). 
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Figure 1.  Map of the Patuxent River estuary showing the boxes used by Hagy et al. (2000) to model 
transport in the estuary and water quality stations where salinity data used to validate the model were 
collected.  
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Figure 2.  Schematic diagram showing the 2-layered salt transport in the Patuxent River as modeled by 
Hagy et al. (2000). 
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Studies of Juvenile and Adult Fish Populations in the Patuxent River  
Fish distribution and seasonal occurrence were evaluated in studies conducted for PPSP in the late 1970’s 
by the Chesapeake Biological Laboratory (CBL) (Homer et al. 1979a and 1979b) and in studies done for 
Pepco by the Academy of Natural Sciences (ANS) and by Pepco and Mirant from 1975 to 2001.  
Additionally in April 2000, DNR conducted a trawl survey, following an oil spill at Chalk Point, which 
was used in the Natural Resource Damages Assessment (NRDA) for the Swanson Creek Oil Spill NRDA 
Trustee Council by their Aquatic Resources Subgroup (ARS 2002).  This led to population number and 
biomass estimates using trawl sampling efficiency estimates originally developed for the CBL studies in 
the late 1970’s.  More recently there was a Fishery-independent multispecies assessment of Maryland fish 
populations pilot study conducted in the Patuxent River by CBL in 2004 (Miller and Loewensteiner 
2006). 
 
Here we briefly summarize the ANSP/Pepco/Mirant data.  A quick inspection of the historic and recent 
CBL data, as well as the NRDA for April 2000 indicates that these are consistent with the Mirant data.  A 
fuller evaluation of all of the data will be included in the CDS. 
 
ANS conducted trawl sampling from 1975 to 1978.  The sampling was conducted quarterly in 1975 and 
1976; and monthly from April 1977 to Dec. 1979.  We have summarized the 1977 to 1979 data because 
the sampling was more comparable to subsequent sampling by Pepco and Mirant.  During this period, 
ANS sampled from seven transects in the river plus a location in the discharge canal (Figure 3).  Two 
duplicate 3-minute tows were made at each station; one with the tide and one against the tide. The net was 
a 16-ft semi-balloon otter trawl with tickler chain and 1.25-in stretch mesh with a 0.5-in stretch mesh 
cod–end liner.   
 
The Pepco/Mirant trawling was conducted between Holland Cliff and Gods Grace Point (Figure 3) from 
May to late October or November from 1981 to 2001.  The sampling frequency was weekly from 1981 to 
1989; biweekly from 1990 to 1993; and monthly from 1994 to 2001.  The same type of trawl was used as 
in the ANS sampling except the cod-end liner had 0.25-in stretch mesh.  The trawl tow duration was 1 
minute from 1981 to 1990 and 2 minutes from 1991 to 2001. 
 
Data summarized here were normalized to numbers per minute.  Additionally ANS data were subset to 
include sampling transects between Holland Cliff and Swanson Creek and sampling dates between May 
and November to improve comparability.  (Numbers for many species decrease in winter; see ANS (1983) 
for a fuller representation of seasonal changes.)  Discharge samples were not included.  Abundances were 
averaged for 3 year time intervals.   
 
Table 1 summarizes the trawl monitoring results.  There appear to have been increases in anadromous 
fishes such as striped bass, white perch and alewife.  However, most other species have declined 
including benthic species such as American eel, white catfish, hogchoker, winter flounder and blue crab 
and estuarine species such as Atlantic menhaden, spot, and weakfish.  The Atlantic croaker has had 
occasional good year classes.  Most of these changes are consistent with those that have occurred bay 
wide and have been attributed to a variety of causes such as increased predation by striped bass; the 
menhaden purse seine fishery and overfishing generally; anoxia in deeper portions of Chesapeake Bay; 
and changes in climate.  A recent evaluation of the status of weakfish by the Atlantic States Marine 
Fisheries Council Weakfish Technical Committee ASMFC WTC (2006) is exemplary of the confounding 
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nature of potential causes.  In this case there appeared to be increases in the natural mortality rate perhaps 
related to increased striped bass predation and decreased prey availability. 
 
In addition to changes in species composition, there may have been changes in the size composition of 
fish communities.  In theory, fish size distributions can be skewed toward smaller individuals by some 
forms of pollution such as high nutrient loads.  Work to evaluate these ideas has been conducted in 
Chesapeake Bay and two tributary rivers including the Patuxent River by Dr. Edward Houde and others at 
CBL (Houde et al. 2006; Connelly 2005).  Field work has included bottom trawl sampling of juvenile and 
adult fish as well as zooplankton and ichthyoplankton sampling in 2002 and 2003.  We will seek to obtain 
these data so they can be reviewed in more detail in the CDS. 
 
There also appears to be a disease problems with striped bass.  Recent estimates suggest a 70% incidence 
of striped bass mycobacterial infection which leads to skin ulcers in advanced cases.  The cause of the 
disease problem is not known.  Stress brought on by reduced forage fish abundance is one of several 
candidates (Hartman and Margraf. 2003; Overton 2003). 
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Figure 3.  Trawling stations sampled by ANS in 1977 and 1979 and by Pepco and then Mirant from 1983 
to 2001.  (Adapted from ANS 1983a and Bailey 2005.) 
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Table 1.  Mean number of fish and crabs collected per minute in benthic trawl samples in the Patuxent 
River from Holland Point to Swanson Creek during sampling from May to November by the Academy of 
Natural Sciences (ANS) in 1978 and 1979 and Pepco and Mirant from 1981 to 2001. 
Note: All names in this document follow the AFS common and scientific names list (Nelson et al. 2004). 
 

 

 
Species 

ANS a 
1978&1979 

1981/ 
1983 

1984/ 
1986 

1987/ 
1989 

1990/ 
1992 

1993/ 
1995 

1996/ 
1998 

1999/ 
2001 

American eel 2.07 7.63 2.41 0.70 0.58 0.25 0.14 0.14 
bay anchovy 6.85 42.39 48.69 36.98 42.27 26.19 14.55 22.48 
alewife  0.00 0.01 0.10 0.02 0.07 0.51 0.08 
Atlantic menhaden 0.71 1.90 1.51 0.28 0.36 0.10 0.04 0.24 
white catfish 0.93 0.90 5.35 0.32 0.44 0.11 0.15 0.07 
channel catfish  0.32 0.55 0.39 0.20 0.25 0.25 0.10 
inland silverside  0.00 0.02 0.01 0.06 0.09 0.35 0.22 
Atlantic silverside  0.02 0.10 0.03 0.11 0.05 0.01 0.30 
white perch 12.57 4.41 3.07 16.60 14.89 33.83 66.81 30.08 
striped bass  0.45 0.35 0.94 1.10 6.64 1.44 2.01 
weakfish  4.24 5.84 1.36 1.77 0.68 0.40 1.63 
spot 70.80 91.62 132.58 42.20 37.77 14.16 3.68 1.16 
Atlantic croaker  9.25 0.17 1.53 12.33 3.33 11.65 2.04 
winter flounder  0.31 0.24 0.08 0.16 0.00 0.00 0.01 
hogchoker 50.07 74.45 100.06 109.27 77.60 32.04 10.88 14.06 
other  0.26 0.45 0.37 0.49 0.24 0.31 0.25 
blue crab  7.69 33.57 11.25 20.34 6.57 3.51 3.47 

 
a 

Monthly ANS data were available only for select species which were designated as Representative Important 
Species. 
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Threatened and Endangered Species and Maryland Species of Greatest Conservation Need 
In this section we present a list of species of Greatest Conservation Need (GCN) that have been recorded 
from the coastal plain portion of the Patuxent River; indicate which species are entrained or impinged and 
evaluate population risks for those species.  For the current and historic fish species occurrence records 
we used the following references: Kazyak (2005), Jenkins and Burkhead (1994), Lee et al. (1976), 
Hildebrand and Schroeder (1927).  The GCN species are listed by the Maryland Natural Heritage Program 
(MDDNR/NHP 2003 and 2005).  We found 16 GCN species on the 2003 publication list which have 
occurred (or probably have occurred) in the coastal plain portion of the Patuxent River.  The 2005 
document, which is still in draft form, expands the list somewhat by adding several Maryland Biological 
Stream Survey (MBSS) Program “indicator” species.  (The additional indicator species are not very 
relevant for mesohaline estuarine application because they are indicators for freshwater wadable streams.)  
These GCN species plus others recently designated as species of concern by the National Oceanographic 
and Atmospheric Administration (NOAA 2006) are listed in Table 2.  There were 23 species of concern 
from a conservation standpoint in the Coastal Plain portion of the Patuxent River; 4 to 6 of these were 
found during entrainment and impingement monitoring at Chalk Point Station.   
 
Several herring species are species of concern, i.e. blueback herring, alewife, American shad and hickory 
shad.  For entrainment, the circumstance in complicated by the fact that larval herring were identified only 
to family.  So it is not clear which if any of the species were entrained.  In any event these are anadromous 
fishes which migrate to freshwater to spawn and while some larvae are advected down-estuary most 
remain up-estuary near the salt front (Campfield 2004) so that there should be little impact on their 
population due to entrainment.  Only two species of herring listed in Table 2 have been collected in 
impingement sampling (alewife and blueback herring); these are designated with an S5 population rank, 
which means that the Maryland populations appear secure.  
 
The white catfish has been impinged and is on the GCN list but its status is recorded as SU – i.e. 
“Possibly rare in Maryland, but of uncertain status for reasons including lack of historical records, low 
search effort, cryptic nature of the species, or concerns that the species may not be native to the State. 
Uncertainty spans a range of 4 or 5 ranks as defined above.”  The white catfish is native from the 
Delaware River to Florida (Mihursky as cited by Jenkins and Burkhead 1994).  It was not collected in the 
MBSS sampling therefore it appears to be primarily restricted to the main-stem of the river where it has 
been collected frequently in trawl sampling.  It appears to be more tolerant of salinity than the more 
abundant and introduced channel catfish and is found closer to the mesohaline intake.  Still, it is a 
freshwater fish so that impingement is unlikely to have population level effects.  
 
The bluespotted sunfish (another GCN species) was impinged occasionally in 1984 but none have been 
collected in impingement samples since then.  Kazyak et al. note that while this species is on the NHP 
watch list, it is the most common of the Enneacanthus species in Maryland with a population estimate of 
494,000 ∀ 108,000 individuals.  Also it is a freshwater species which is apparently found primarily in the 
upper portions of Swanson Creek.  Thus there should be a low risk of population impact. 
 
Although there has been no entrainment or impingement of sturgeon species we discuss them briefly 
because there is a long range goal in Maryland of restoring these species.  In fact some Atlantic sturgeon 
are maintained at the Chalk Point Aquaculture center in cooperation with Maryland DNR to better 
understand their biology and to facilitate recovery efforts once they get underway. 
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The shortnose sturgeon is the only federally listed (also state listed) endangered species which potentially 
could occur in the mesohaline portion of the Patuxent River.  Recently two individuals were found in 
pound nets in the lower part of the Potomac River in Saint Mary’s County Maryland during a special 
rewards program conducted by the US Fish and Wildlife Service from 1996 to 1999 (Welsh et al. 2003).  
Given the proximity of the Potomac and Patuxent Rivers there is a potential for shortnose sturgeon to also 
enter the Patuxent River.  However genetic analysis of the fish caught in the Potomac River (Grunwald 
2002) suggested that these were strays from the Delaware River that apparently entered Chesapeake Bay 
by way of the Chesapeake-Delaware Canal.  It should be noted however that habitat suitability mapping 
(based on bioenergetic analysis of dissolved oxygen and water temperature from 1990 to 1999) indicated 
that the Patuxent River habitat is not well suited for the species (Niklitschek 2001 cited by Secor and 
Niklitschek 2001).   
 
Atlantic sturgeon are more likely to occur in the Patuxent River.  This species is not listed as threatened or 
endangered by the federal government, but it is listed as a species of concern in Maryland and Virginia 
and determined to be vulnerable by Warren et al. (2000).  The status was evaluated by an experimental 
release of 3,319 Atlantic sturgeon yearlings, (reared at Mirant’s aquaculture facility at Chalk Point) and 
the rewards program noted above.  A total of 682 Atlantic sturgeon were recaptured; 44% were hatchery 
reared and 56% were wild (Secor et al. 2000).  All wild fish were subadults and the absence of yearling 
fish added to the concern about their conservation status.  No sturgeon of either species were collected in 
ANS, Pepco or Mirant fishery surveys in the Patuxent River or in entrainment or impingement sampling.  
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Table 2.  Maryland NHP Greatest Conservation Need Species and NOAA Species of Concern believed to 
occur in the Patuxent River based on current and historic records.  (Species which were not recorded from 
the Coastal Plain, i.e. northern hog sucker, stripeback darter and shield darter, are not included.)  For each 
species, the state and federal threatened and endangered designations are indicated, as are the state and 
global abundance rankings and there is also an indication of whether the species has been found in 
impingement and entrainment monitoring. 
 

Species 
MD NHP 
Greatest Threatened or Species of 

Species 
Security Historic Impinged/ 

 Conservation  Endangered b Concern c Rank Occurrence Entrained 
 Need List a State Federal  State Global   

least brook lamprey GCN-draft    S4 G5 Current  
Lampetra aepyptera         
American brook lamprey GCN T   S1S2 G4 Current  
Lampetra appendix         
shortnose sturgeon GCN E E  S1 G3 Probable  
Acipenser brevirostrum         
Atlantic sturgeon GCN  C NOAA S1 G3 Probable  
Acipenser oxyrinchus         
longnose gar GCN    S2? G5 Historic  
Lepisosteus osseus         
bowfin GCN    S1? G5 Possible  
Amia calva         
blueback herring Not listed   NOAA S5 G5 Current I, E? d 
Alosa aestivalis         
hickory shad GCN I   S3 G5 Current E? d 
Alosa mediocris         
Alewife Not listed   NOAA S5 G5 Current I, E? d 
Alosa pseudoharengus         
American Shad GCN I   S3 G5 Current E? d 
Alosa sapidissima         
rosyside dace GCN-draft    S5 G5 Current  
Clinostomus funduloides         
Comely shiner GCN T   S2 G5 Current  
Notropis amoenus         
bridle shiner GCN E   SH G5 Historic  
Notropis bifrenatus         
white catfish GCN    SU G5 Current I,E d 
Ameiurus catus         
spotfin killifish GCN    S2? G4 Current  
Fundulus luciae         
flier GCN T   S1S2 G5 Historic  
Centrarchus macropterus         
bluespotted sunfish GCN    S3S4 G5 Current I 
Enneacanthus gloriosus         
banded sunfish GCN    S2 G5 Current  
Enneacanthus obesus         
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warmouth GCN    S3? G5   
Lepomis gulosus         
glassy darter GCN T   S1S2 G4G5   
Etheostoma vitreum         

 
 
a  GNC=Species listed by MDDNR/NHP 2003; GNC-draft = species listed in the draft Diversity 

Conservation Plan (MDDNR/NHP 2005). 
b  T=Threatened E=Endangered C=Candidate I=Imperiled 
c  NOAA Species of Concern - The list was last updated on October 18, 2006, as published in the Federal 

Register (NOAA 2006). 
d  Entrainment samples included Alosa species which were not identified to species therefore blueback 

herring, alewife, hickory shad and/or American shad could be entrained.  Species collected in the 
Patuxent River near the plant are assumed to be entrained. 

 
State Ranks - subset of those included here (reprinted from NHP 2003): 
S1 - Highly State rare. Critically imperiled in Maryland because of extreme rarity (typically 5 or fewer 

estimated occurrences or very few remaining individuals or acres in the State) or because of some 
factor(s) making it especially vulnerable to extirpation. Species with this rank are actively tracked by 
the Wildlife and Heritage Service. 

S2 - State rare. Imperiled in Maryland because of rarity (typically 6 to 20 estimated occurrences or few 
remaining individuals or acres in the State) or because of some factor(s) making it vulnerable to 
becoming extirpated. Species with this rank are actively tracked by the Wildlife and Heritage 
Service. 

S3 - Watch List. Rare to uncommon with the number of occurrences typically in the range of 21 to 100 in 
Maryland. It may have fewer occurrences but with a large number of individuals in some 
populations, and it may be susceptible to large-scale disturbances. Species with this rank are not 
actively tracked by the Wildlife and Heritage Service. 

S4 - Apparently secure in Maryland with typically more than 100 occurrences in the State or may have 
fewer occurrences if they contain large numbers of individuals. It is apparently secure under present 
conditions, although it may be restricted to only a portion of the State. 

S5 - Demonstrably secure in Maryland under present conditions. 
SU - Possibly rare in Maryland, but of uncertain status for reasons including lack of historical records, 

low search effort, cryptic nature of the species, or concerns that the species may not be native to the 
State. Uncertainty spans a range of 4 or 5 ranks as defined above.  

 
Global Ranks - subset of those included here (reprinted from NHP 2003): 
G4 - Apparently secure globally, although it may be quite rare in parts of its range, especially at the 

periphery. 
G5 - Demonstrably secure globally, although it may be quite rare in parts of its range, especially at the 

periphery. 
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BRIEF SUMMARY OF PAST ICHTHYOPLANKTON AND ENTRAINMENT STUDIES 
 
As noted in the environmental setting section, Chalk Point is located at the boundary of the oligohaline 
and mesohaline portions of the Patuxent River.  This leads to entrainment of freshwater and anadromous 
fishes advected from spawning areas up-estuary and to entrainment of mesohaline larvae moving up-
estuary.  This made it difficult to evaluate both sources of entrainment in a single study.  Here we focus 
on three studies that we believe are most informative:  

- 1977 ANS study which characterized the distribution of eggs and larvae in freshwater and 
oligohaline portions of the estuary during the period when freshwater and anadromous fish larvae 
would be most abundant; 

- 1978 and 1979 ANS studies at Chalk Point and in the adjacent portion of the river conducted over 
virtually the entire period when both freshwater and estuarine fishes were entrained; and 

- 1987 Pepco study which was conducted in a study area from the mouth of the estuary well into the 
freshwater portion during the period when estuarine spawning species would be most abundant 
and which also included studies in the discharge canal specifically designed to estimate 
entrainment of these fishes.  

Other studies which provided additional information include egg and larval distribution studies by the 
Chesapeake Biological Laboratory (CBL) in1978 and 1979 and additional studies conducted by Pepco in 
1982 and 1985.  Table 3 summarizes the sampling area and sampling period for the various studies 
conducted specifically to evaluate entrainment.  In addition to these studies, there have been a number of 
other relevant studies conducted by researchers at CBL which were designed to evaluate other aspects of 
larval fish biology (e.g. Secor et al. 1995, Kimura et al. 2000, Campfield 2004, Lusk and Secor 2006, 
Kerr 2006, and several papers by Kraus and Secor).  The CDS will include a fuller description of these 
studies. 
 
1977 ANS Regional Distribution Study in the Upper Estuary 
This study was designed to describe the distribution of freshwater and anadromous fish eggs and larvae in 
the Patuxent River.  Sampling was more intense in the portion of the river utilized by these species than 
CBL studies which extended further down-estuary.   
 
Sampling methods.  Nighttime sampling was conducted at 27 fixed stations between Jug Bay and 
Benedict; however it proved difficult to sample from all stations before dawn and Station 27 was often 
skipped.  Therefore the data presented here extends to Station 26 below Swanson Creek.  All sampling 
was done at night with a 1-m Tucker trawl with 223 micron mesh.  Step-wise oblique tows averaged 3 
minutes in duration.  The average sample volume was 300 cubic meters. 
 
Analytical methods. 
The original data collected for this study are no longer available.  The summaries presented here were 
computed from tables in ANS (1983) which show number of fish eggs and larvae for common species for 
each collection.  Some collections were missed due to sampling difficulties.  The missing data were 
estimated by linear interpolation.  We computed mean larval densities for the dominant larval or juvenile 
stage over sampling date by station and mean larval densities above and below the area near Chalk Point 
(Stations 1 to 22 vs. Stations 23 to 26), the latter being most susceptible to entrainment. 
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Table 3.  Studies designed to aid evaluation entrainment at Chalk Point Station.  The sampling areas 
referenced in this table are shown in Figures 4 and 5. 
 

Year  By Study Type Study Period 
Approximate 
Sampling Area  Reference Comment 

1978 CBL Regional 3/21 to 8/21 Hills Bridge - Mihursky et al.  
   Day   Brooms Island (1980)  

1979 CBL Regional 3/29 to 6/21 Jug Bay - Mihursky et al.  
   Day   Benedict (1980)  

1977 ANS Regional 4/7 to 6/23 Jug Bay - ANS (1983) Report includes 
   Night   Benedict  data for most  
      common species 

1978 ANS 
Intake, 
Disch. 3/23 to 11/21 Eagle Harbor - ANS (1983) ditto 

  & Local Night   Benedict   

1979 ANS 
Intake, 
Disch. 3/29 to 10/17 Ditto ANS (1983) ditto 

  & Local Night    

1982 Pepco Forage fish 6/20 to 8/21 Seg. 1 to 26 Loos et al. (1983) Small larvae may 
  Regional Night  Edinger and Buchak not have been  
     (1983) adequately represented 
      No egg data 
      Original data available 

1985 Pepco 
Bay 

anchovy 7/17 to 8/21 Seg. 10 to 14.5 Pepco (1987) Pilot Study 
  Discharge Day & Night   Original data available 
  & Local     

1987 Pepco Forage fish   
Loos & Perry 
(1989a) Original data available 

  Discharge 4/7 to 10/14 Discharge canal   
   Day & Night    

  Local 5/12 to 8/19 Seg. 10 to 14   
   Day & Night    
       
  Regional 6/2 to 8/19 Seg. 4 to 35   
   Night    
       

  Mouth of 6/15 to 8/11 Seg. 35   
  Estuary Day & Night    
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Figure 4.  Patuxent River study segments bounded by the nautical mile intervals of Cronin and Prichard 
(1975).  See Table 3 for segments and locations sampled in various studies conducted by CBL, ANS and 
Pepco.  (Adapted from Loos and Perry 1989a.) 
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Results of the 1977 ANS Regional Distribution Study in the Upper Estuary 
The data are summarized in Table 4.  Densities of anadromous fish were much higher up estuary than in 
the vicinity of Chalk Point; for example mean densities (Number per 100 m3) of white perch larvae above 
the plant area were 447 vs. 5 near the plant; for striped bass larvae the densities were 14 vs. 0.2; for 
herring larvae 34 vs. 0.1.  Even some estuarine species which spawn in higher salinity areas and in the sea 
were in higher densities up estuary; for example Atlantic menhaden juvenile densities above the plant area 
were 86 vs. 11 near the plant; bay anchovy larvae densities were 4.5 vs. 2.6.  
 
 
1978 and 1979 ANS Local Distribution and Entrainment Studies 
These studies provide the most complete data set for larvae collected in the vicinity of the plant including 
the intake and discharge.  The studies included essentially the full period when eggs and larvae would be 
found near Chalk Point and would thus be subject to entrainment.  The study period in 1978 extended 
from March 23 to November 21 and in 1979 from March 29 to October 17. 
 
Sampling Methods.  Sampling was conducted from Trueman Point to Teague Point and in the plant 
intake and discharge canals (Figure 5).  Samples in the discharge canal were not intended to represent 
entrainment.  They were not collected near the head of the canal so that dead larvae may have settled to 
the bottom before they reached the sampling location.  There were slight differences in sampling stations 
in 1978 and 1979.  Samples were generally collected at night with 0.5-m diameter, 505 micron bridleless 
plankton nets, towed for approximately 7 minutes.  A stepwise oblique tow was made at each station such 
that surface, middle and bottom depths were sampled equally.   
 
Analytical Methods.  
ANS used a model to estimate the fraction of larvae advected past the plant which were entrained.  It was 
subsequently determined that this model was not appropriate because behavior mechanisms cause 
freshwater and anadromous species to be retained in the freshwater and oligohaline portions of the estuary 
as illustrated for the 1977 data and (as will be discussed later) cause estuarine species such as bay 
anchovy and naked goby to move up-estuary rather than down-estuary.  Therefore we have adopted a 
simple empirical approach for estimating entrainment by simply multiplying the circulator design flow 
volume of the plant by the number of larvae per unit volume in samples collected near the plant (i.e. the 
mean intake and river densities in the ANS report.)  The circulator design flow of the plant is 
approximately 30 cubic meters per second. 
 
Results.   
Tables 5 and 6 show example computations of entrainment for bay anchovy larvae and juveniles and 
white perch larvae.  Table 7 summarizes entrainment for all species included in the ANS report.  We 
believe these represent almost all of the entrainment.  Note that forage fish species, i.e., bay anchovy, 
silverside and naked goby, comprised 98 to 99% of the total (Table 8).  The predator category was 
comprised primarily of anadromous fish which the 1977 study showed were found primarily up-estuary.  
This result led to additional studies of forage fish, culminating in the 1987 Pepco study described next.  
However 1978 and 1979 ANS studies are very important because they include almost all entrained 
species; the 1987 study included entrainment of only the three forage fish species. 
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Table 4.  Densities of dominant larval and juvenile stages in the 1977 ANS study in the upper portion of 
the Patuxent River and in the portion near Chalk Point. 
 

Station 
Am. 
eel 

Atlantic 
menhaden 

bay 
anchovy 

herring
spp. 

silver-
side 
spp. 

yellow
perch 

white
perch 

Morone
spp. 

striped 
bass spot 

naked
goby 

 Elver Juv. Larva Larva Larva Larva Larva Larva Larva Juv. Larva 
1 0.0 22.2 2.1 114.0 0.6 0.9 366.3 5.7 2.3 4.5 10.5 
2 0.1 30.0 1.2 86.9 2.7 1.1 393.1 40.5 2.8 5.4 60.3 
3 0.3 135.3 0.0 112.8 1.1 0.3 420.7 43.4 2.0 3.7 118.0 
4 0.6 56.5 2.6 173.2 0.9 2.1 902.6 60.5 9.5 4.3 212.7 
5 0.7 163.4 0.8 69.5 0.7 0.8 543.0 19.6 5.7 8.2 185.5 
6 0.5 130.2 0.4 59.4 2.3 2.1 287.4 29.7 11.6 2.6 221.2 
7 0.9 66.0 0.8 45.4 2.6 3.0 488.3 1.4 19.5 6.2 464.3 
8 0.3 242.6 0.8 40.7 1.8 1.6 683.2 2.5 20.5 0.5 383.6 
9 0.5 143.9 2.0 16.1 3.3 0.9 752.1 1.0 29.7 6.4 796.2 

10 0.4 123.3 3.0 13.4 2.7 2.6 1261.0 1.8 32.6 6.0 645.4 
11 0.2 106.6 5.8 8.6 2.0 7.0 498.9 0.0 29.2 2.2 530.1 
12 0.4 47.2 7.0 4.8 2.9 3.9 863.9 0.5 36.8 5.4 508.5 
13 0.1 138.9 8.1 4.5 4.4 5.3 983.6 0.0 33.1 6.8 430.8 
14 0.1 117.0 9.6 6.0 3.2 1.4 319.9 0.0 16.2 7.2 361.8 
15 0.2 69.3 4.7 0.9 2.5 1.6 193.8 0.0 9.5 9.9 346.9 
16 0.3 47.5 4.4 1.0 5.1 2.4 268.9 0.0 4.0 7.7 344.3 
17 0.6 81.4 4.1 0.7 3.5 3.0 16.7 0.0 13.7 5.2 255.8 
18 0.3 38.9 3.9 1.3 4.5 0.5 145.8 0.0 3.0 1.8 299.0 
19 0.1 42.3 4.8 0.2 3.7 0.0 79.5 0.0 2.3 1.9 301.5 
20 0.2 34.3 6.3 0.0 3.1 0.5 138.4 0.0 12.9 11.3 394.4 
21 0.2 18.2 15.0 0.0 2.5 1.7 224.6 0.0 6.0 10.8 672.5 
22 0.2 25.6 11.1 0.2 4.1 0.2 8.1 0.0 0.0 10.1 590.7 
23 

Disch. 0.3 14.8 6.3 0.1 5.0 0.3 11.0 0.1 0.6 9.7 338.9 
24 0.2 8.8 1.4 0.0 2.4 0.0 2.5 0.0 0.2 3.1 416.2 
25 

Chalk 
Point 0.3 9.4 0.9 0.2 5.5 0.0 5.0 0.0 0.2 9.7 297.6 

26 
(Swanson 

Creek) 
0.1 9.4 1.7 0.0 1.7 0.0 1.1 0.0 0.0 4.9 336.7 

Mean densities above the Chalk Point area compared to mean densities near Chalk Point Station 

Station 

Am. 
eel 

Atlantic 
menhaden 

bay 
anchovy 

herring
spp. 

silver-
side
spp. 

yellow
perch 

white
perch 

Morone
spp. 

striped 
bass spot naked

goby 

 Elver Juv. Larva Larva Larva Larva Larva Larva Larva Juv. Larva 
Above* 

Chalk Pt. 0.3 85.5 4.5 34.5 2.7 1.9 447.3 9.4 13.8 5.8 369.7 

Near* 
Chalk Pt. 0.2 10.6 2.6 0.1 3.7 0.1 4.9 0.0 0.2 6.9 347.3 

 

Stations above the Chalk Point area: 1 to 22;  Stations near Chalk Point Station: 23 to 26. 
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Figure 5.  Ichthyoplankton stations sampled by ANS in 1978 and 1979.  (Adapted from ANS 1983.) 
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Table 5.  Mean weekly density of bay anchovy larvae and juveniles collected by ANS near Chalk Point 
Station in 1978 and 1979 and estimated numbers entrained per week in millions. 
 

 Bay Anchovy Larva Bay Anchovy Juvenile 
 1978  1979  1978  1979  
Samp. 
Week 

Density 
(N/100m3) 

Num. Ent. 
Millions 

Density 
(N/100m3) 

Num. Ent. 
Millions 

Density 
(N/100m3) 

Num. Ent. 
Millions 

Density 
(N/100m3) 

Num. Ent. 
Millions 

04/15 0.00 0.00  0.00 0.00  0.15 0.03  0.05 0.01  
04/22 0.00 0.00  0.00 0.00  0.18 0.03  1.55 0.28  
04/29 0.00 0.00  0.00 0.00  0.28 0.05  1.85 0.34  
05/06 0.40 0.07  0.00 0.00  0.58 0.10  0.30 0.05  
05/13 0.00 0.00  0.00 0.00  0.93 0.17  0.43 0.08  
05/20 0.10 0.02  0.00 0.00  0.13 0.02  0.00 0.00  
05/27 0.00 0.00  0.00 0.00  0.00 0.00  0.08 0.01  
06/03 0.80 0.15  0.00 0.00  0.00 0.00  0.00 0.00  
06/10 9.35 1.70  0.00 0.00  0.00 0.00  0.00 0.00  
06/17 20.70 3.76  0.55 0.10  0.00 0.00  0.00 0.00  
06/24 391.20 70.98  1.20 0.22  0.05 0.01  0.00 0.00  
07/01 136.45 24.76  7.85 1.42  0.50 0.09  0.05 0.01  
07/08 186.70 33.87  16.90 3.07  66.35 12.04  1.05 0.19  
07/15 119.90 21.75  27.35 4.96  110.00 19.96  2.15 0.39  
07/22 18.40 3.34  19.45 3.53  65.75 11.93  55.35 10.04  
07/29    6.55 1.19     21.65 3.93  
08/05 28.50 10.34 * .00 1.09  60.35 21.90 * 24.80 4.50  
08/12 24.30 4.41  13.65 2.48  50.70 9.20  30.55 5.54  
08/19 26.90 4.88  4.50 0.82  48.45 8.79  22.70 4.12  
08/26 122.60 22.24  97.60 17.71  132.65 24.07  70.20 12.74  
09/02 61.45 11.15  3.85 0.70  228.85 41.52  5.75 1.04  
 09/09 25.45 4.62  53.75 9.75  47.55 8.63  5.80 1.05  
09/16 15.25 2.77  56.10 10.18  55.45 10.06  8.35 1.52  
09/23 5.95 1.08  16.50 2.99  52.00 9.43  4.15 0.75  
09/30 1.90 0.34  8.25 1.50  19.10 3.47  1.95 0.35  
10/07 1.90 0.34     9.35 1.70     
10/14    0.40 0.15 *    0.15 0.05 *
10/21 0.55 0.20 *    5.15 1.87 *    
11/04 0.35 0.13 *    3.85 1.40 *    
11/18 0.45 0.16 *    1.30 0.47 *    
Sum  223   62   187   47  

 

* Two week intervals 
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Table 6.  Mean weekly density of white perch larvae collected by ANS near Chalk Point Station in 1978 
and 1979 and estimated numbers entrained per week in millions. 
 

 White Perch Larva 
 1978  1979  
Samp. 
Week 

Density 
(N/100m3) 

Num. Ent. 
Millions.  

Density 
(N/100m3) 

Num. Ent. 
Millions  

03/18 1.15 0.21  0.00 0.00  
03/25 0.00 0.00  0.25 0.05  
04/01 4.58 0.83  4.50 0.82  
04/08 14.40 2.61  89.28 16.20  
04/15 18.50 3.36  13.15 2.39  
04/22 0.55 0.10  0.45 0.08  
04/29 0.05 0.01  0.13 0.02  
05/06 2.55 0.46  0.70 0.13  
05/13 160.33 29.09  0.00 0.00  
05/20 4.85 0.88  0.13 0.02  
05/27 0.20 0.04  0.00 0.00  
06/03 0.00 0.00  0.05 0.01  
06/10 0.00 0.00  0.15 0.03  
06/17 0.00 0.00  0.00 0.00  
Sum  37.59   19.74  

 
Table 7.  Mean seasonal density of fish eggs, larvae and juveniles collected by ANS near Chalk Point 
Station and estimated numbers entrained in 1978 and 1979 in millions.  
 

  1978 1979 

Species* Stage 
Density 

(N/100m3) 
Num. Ent. 

Millions 
Density 

(N/100m3) 
Num. Ent. 

Millions 
American eel Larva 0.19 1.22 0.16 0.92 
bay anchovy Egg 7.95 51.92 0.42 2.36 
 Larva 34.15 223.06 11.00 61.84 
 Juv 28.62 186.93 8.36 47.00 
herring spp. Larva 1.41 9.19 0.02 0.10 
silverside spp. Larva 3.66 23.94 1.99 11.21 
 Juv 0.54 3.53 0.21 1.16 
yellow perch Larva 0.01 0.09 0.62 3.49 
white perch Egg 0.04 0.24 0.01 0.04 
 Larva 5.75 37.59 3.51 19.74 
 Juv 0.22 1.41 0.00 0.01 
striped bass Egg 0.01 0.04 0.12 0.66 
 Larva 0.56 3.64 0.01 0.07 
naked goby Larva 379.62 2479.62 338.15 1901.99 
 Juv 0.26 1.72 0.20 1.14 
Sum All  3024  2051 

 

*  Other species collected but not quantified include: eastern mudminnow, eastern silvery minnow, spottail shiner, channel 
catfish, white catfish, mummichog, striped killifish, northern pipefish, weakfish, sand lance sp. and hogchoker. 



Appendix 12 

 A12-23

Table 8.  Entrainment species composition in 1978 and 1979 by type.  The “predator” fish category 
includes real predators such as striped bass and others which may also be forage fish when young.  

 
   1978 1979 
Species 
Type* Stage  

Num. Ent. 
Millions 

% Forage 
by Stage 

Num. Ent. 
Millions 

% Forage 
by Stage 

Forage Egg  51.96 99.54% 3.02 98.81% 
  Larva  2730.26 98.27% 1975.11 98.79% 
  Juv  192.18 99.27% 49.30 99.98% 
Predator Egg  0.24 0.46% 0.04 1.19% 
  Larva  48.07 1.73% 24.25 1.21% 
  Juv  1.41 0.73% 0.01 0.02% 

 
*  Forage fish included here are bay anchovy, naked goby and silverside species 

Predator fish included here are American eel, herring spp. white perch, striped bass and yellow perch. 
 
Other species collected but not quantified include: eastern mudminnow, eastern silvery minnow, spottail shiner, channel 
catfish, white catfish, mummichog, striped killifish, northern pipefish, weakfish, sand lance sp. and hogchoker. 
 

 
1987 Pepco Forage Fish Entrainment Study 
There were a number of goals in the 1987 study including estimation of natural mortality rates and 
movement patterns of bay anchovy (See Loos and Perry 1989b).  Here we focus on estimates of numbers 
of forage fish in river segments and numbers and biomass entrained.  
 
Sampling Methods.  Sampling was conducted from segments 4 to 35 which includes most of the estuary  
(Figure 4) and in the discharge canal.  The discharge samples were collected just below the zone of 
turbulence where plant cooling water enters the canal. 
 
The following is an excerpt from Loos and Perry 1989a with slight modifications for clarity: 
Regional Sampling in the Patuxent River 
Sampling Location:  Collections were made in nine sets of segments in the Patuxent River as follows: 

 
Segments Boundaries 

(River Mile) 
Volume 
(mil m3)

 4-7 28-32 30
8-11 24-28 33
12-13 22-24 36
14-17 18-22 39
18-21 14-18 70
22-25 10-14 74
26-29 6-10 78
30-33 2-6 82
35-35 0-2 86
Sum  528
 

The segments were further partitioned into 3 depth layers (0-1m, 2-3 m, and >8 m) yielding a total of 33 
cells from which samples were collected.  The cell volumes were taken from Cronin and Pritchard (1975). 
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Collection Dates:  Fourteen weekly collections were made in the sampling cells in the spring and summer 
of 1987.  In each series, nighttime collections were made on Tuesday and Wednesday of each week from 
June 2 to August 19. 
 
Collection Procedures: 
Collections were made at night with a 0.25 m2 Tucker trawl with 253 micron mesh.  Two collections were 
made in each cell in each weekly series; one collection on Tuesday and one on Wednesday.  Locations 
within sampling cells were chosen in a formal random manner.  
 
Entrainment Sampling in the Discharge Canal 
Sampling Location:  The discharge sampling was carried out approximately 40 feet below the Unit 1 
discharge at a point chosen to have the maximum consistent current that would allow the most efficient 
use of the plankton net. 
 
Collection dates:  Twenty-one series of collections were made in the discharge canal.  Each series 
consisted of two diel periods; day and night.  The daytime collections were made on April 7 and 21, every 
Tuesday in May through August, and every other Tuesday from September 1 to October 14, 1987.  
Nighttime collections were made on the following Wednesday each week.   
 
Collection Procedures: During each week when discharge sampling was done there were 12 collections 
during a daytime period and 12 during a nighttime period (24 collections per week).  A 0.5-meter 
gimbaled plankton net with 253 micron mesh was used to collect the samples.  One collection was made 
at each of two depths (1 meter and 2 meters) during each of six time intervals of equal duration within a 
given diel period.  The duration varied with seasonal changes in day length.  Sample water volume was 
approximately 25 to 50 cubic meters.  
 
Sampling Efficiency:  As noted above river collections were made with a 0.25-m2 Tucker trawl.  A 1-m2 
Tucker trawl was used in other parts of the study designed to estimate larval transport.  (These other 
collections were made at the mouth of the estuary and near Chalk Point.)  Statistical analysis indicated 
that a correction factor would be appropriate as a function of length for bay anchovy larvae above 7 mm 
TL.  (Corrections for naked goby or silverside and silverside larvae were not deemed appropriate.)  The 
relationship was as follows:  

log(densmall net) - log(denlarge net) = a + b length. 
where: densmall net  is the density of larvae in the small net. 
 denlarge net is the density of larvae in the large net (N/100 m3) 
 length is the total length of the larva in mm 
 a , b are the parameters of the model. 
Estimates of a and b were 0.2656 and -0.0418. 
 
Length-Weight Analysis for Bay Anchovy and Naked Goby. 
A special study was conducted to determine length-weight relationships for bay anchovy and naked goby.  
The estimates were as follows: 
Bay Anchovy:  Log(weight) = -1.85699 + 3.53877 Log(length) 
Naked Goby:  Log(weight) = -0.77147 + 3.28182 Log(length) 
Where: Weight is in micrograms and length is Total Length in mm. 
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Analytical Methods.  
For river abundance estimates, Pepco used an estimation procedure based on log normal sampling theory 
which was somewhat controversial.  Here we use a simple estimation method in which mean densities in 
river cells were multiplied by the river volume in those cells.  Results obtained by both methods were 
similar.  The sampling efficiency correction was used for river abundance estimates (for bay anchovy) but 
not for discharge samples since it was assumed that there was 100% entrainment mortality. 
 
For entrainment estimates, Pepco also used log normal estimation methods.  Here we use a simple 
estimation method in which weekly mean densities for each diel period were multiplied by the design 
flow volume.  The volume varied seasonally due to changes in sunrise and sunset.  The length weight 
relationship was used to estimate entrainment biomass. 
 
Results. 
Table 9 summarizes densities of forage fish larvae in river segments and corresponding abundance 
estimates.  Densities and abundances of small bay anchovy larvae (1 to 10 mm TL) were highest in the 
lower part of the estuary; while densities of larger larvae were higher in the middle and upper parts of the 
estuary.  The abundance of larger larvae was highest in the middle part of the estuary (near Chalk Point); 
abundance in the upper part was not as high because of the smaller river volume there.   
 
Densities of naked goby were highest up-estuary but abundance was relatively evenly distributed. 
Silverside densities and abundances were highest up-estuary. 
 
Table 10 summarizes the weekly density and entrainment estimates for bay anchovy.  This serves as an 
example; similar weekly computations were done for naked goby and silverside species.  For larvae the 
small larvae (1-10 mm TL) were most abundant, while juveniles (greater than 30 mm TL) had the greater 
biomass. 
 
Table 11 summarizes the entrainment for all three forage fish.  This shows a clear increase in entrainment 
at night particularly for large larvae.  This trend was even more pronounced for biomass as might be 
expected.   
 
Discussion 
Estimates of entrainment of forage fish larvae and juveniles from the 1987 study are reasonably 
concordant with the estimates for the earlier ANS studies in 1978 and 1979: 

 

 Bay Anchovy 
Naked 
Goby 

Silverside 
Spp 

Year eggs 
larvae 
Juv. 

larvae
Juv. 

larvae
Juv. 

1978 52 410 2,482 27 
1979 2 62 1,902 11 
1987 716 251 1,711 26 
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However estimates of numbers of eggs entrained in 1987 were higher.  This may be due to strong diel 
cycles in the abundance of eggs due to the timing of spawning which occurs around 11 pm. 
 
One of the primary objectives of the 1987 study was to estimate a percent reduction in forage fish 
production.  This is not required for estimation of a Calculation Base Line.  In any event, PPRP’s  best 
estimate of the reduction in fish production was about 20%  (Teitt 1990). 
 
No attempt has been made to estimate a Calculation Base Line as this will be done in the CDS. 
 
 
 
Table 9.  Mean densities and numbers of forage fish larvae in Patuxent River segments in 1987. 

 
 Mean Density (Num./100 m3) 
River Bay  Anchovy Naked Silverside 
Segment Eggs Larvae & Juv. Total Length Goby Spp 
  1-10 mm 11-20 mm >30 mm All All 
04-07 65.6 140.6 26.8 24.3 1,720.5 13.0 
08-11 155.4 159.3 34.9 56.0 1,249.4 12.5 
12-13 563.3 53.5 48.4 62.8 914.0 1.7 
14-17 148.3 43.4 81.7 100.2 607.1 0.5 
18-21 988.5 51.4 20.2 33.6 312.0 0.1 
22-25 2,073.7 104.6 18.9 15.5 316.5 0.3 
26-29 1,066.6 83.6 9.1 14.5 507.7 0.1 
30-33 995.7 171.9 9.4 4.2 370.1 0.5 
34-35 1,553.6 1,080.8 10.4 4.7 131.2 0.2 

 Mean Abundance (millions) 
04-07 5.4 11.6 2.2 2.0 237.6 1.4 
08-11 21.1 21.7 4.7 7.6 221.3 2.0 
12-13 85.1 8.1 7.3 9.5 170.7 0.7 
14-17 63.0 18.4 34.7 42.5 282.3 0.4 
18-21 954.9 49.7 19.5 32.5 315.2 0.1 
22-25 2,533.2 127.8 23.1 18.9 396.4 0.5 
26-29 1,458.0 114.2 12.5 19.9 707.0 0.2 
30-33 1,545.2 266.8 14.6 6.5 582.8 0.9 
34-35 1,547.9 1,076.9 10.4 4.7 136.3 0.4 
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Table 10.  Estimated density, number and biomass (i.e. Wt) of bay anchovy entrained at Chalk Point 
Station in biweekly sampling intervals in 1987 assuming design circulator flow.  (Biomass estimates not 
computed for eggs.) 
 
 

Samp. Num Day/ Ent. Density (Num/100 m3) Num. Entrained (mil) Wt. Entrained (kg) 
Interval Days Night Flow Egg Larva&Juv (TL mm) Egg Larva&Juv (TL mm) Larva&Juv (TL mm) 

   mil m3  1-10 11-20 >20  1-10 11-20 >20 1-10 11-20 >20 
4/6/1987 14 D 19.7 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

 14 N 16.6 0 0 0 1 0.0 0.0 0.0 0.1 0.0 0.0 12.1 
4/20/1987 14 D 20.6 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

 14 N 15.7 0 0 0 1 0.0 0.0 0.0 0.1 0.0 0.0 12.6 
5/4/1987 14 D 21.7 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

 14 N 14.6 0 0 0 1 0.0 0.0 0.0 0.1 0.0 0.0 4.3 
5/18/1987 14 D 22.4 32 1 0 0 7.2 0.2 0.0 0.0 0.0 0.0 0.0 

 14 N 13.9 15 0 0 0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 
6/1/1987 14 D 22.9 166 4 0 0 38.0 0.9 0.0 0.0 0.0 0.0 0.0 

 14 N 13.4 532 5 0 0 71.1 0.7 0.0 0.0 0.0 0.0 0.0 
6/15/1987 14 D 23.1 130 3 0 0 30.1 0.7 0.0 0.0 0.1 0.0 0.0 

 14 N 13.2 756 18 3 0 99.7 2.4 0.4 0.0 0.1 0.5 0.2 
6/29/1987 14 D 23.0 496 17 5 0 113.9 3.9 1.1 0.1 0.4 2.5 0.8 

 14 N 13.3 152 35 41 19 20.3 4.7 5.5 2.5 0.8 19.3 24.0 
7/13/1987 14 D 22.5 234 21 1 0 52.6 4.7 0.3 0.0 0.6 0.7 0.0 

 14 N 13.8 113 59 18 10 15.5 8.1 2.4 1.3 1.0 6.9 13.7 
7/27/1987 14 D 21.9 73 17 2 0 16.0 3.6 0.4 0.0 0.4 0.7 0.0 

 14 N 14.4 205 53 28 1 29.5 7.6 4.0 0.1 1.3 8.0 2.3 
8/10/1987 14 D 21.1 221 67 1 0 46.6 14.1 0.3 0.0 0.6 0.6 0.0 

 14 N 15.2 317 116 19 6 48.3 17.7 2.9 0.9 1.1 8.2 10.7 
8/24/1987 21 D 30.1 91 59 2 0 27.4 17.8 0.5 0.0 1.1 0.6 0.0 

 21 N 24.3 335 255 26 7 81.5 62.0 6.3 1.8 4.9 12.9 22.2 
9/14/1987 14 D 18.9 82 90 3 0 15.5 17.1 0.6 0.1 1.0 0.8 0.6 

 14 N 17.4 4 154 82 26 0.7 26.7 14.3 4.5 4.0 35.7 46.7 
9/28/1987 14 D 17.8 0 3 1 0 0.0 0.5 0.2 0.0 0.2 0.4 0.0 

 14 N 18.5 0 11 17 1 0.0 2.0 3.2 0.2 0.9 5.0 3.8 
10/12/1987 14 D 16.9 0 1 1 0 0.0 0.1 0.2 0.0 0.0 0.2 0.0 

 14 N 19.4 0 0 4 2 0.0 0.0 0.9 0.4 0.0 2.1 8.0 
       Sum 716 196 43 12 19 105 162 
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Table 11.  Estimated density, number and biomass of forage fish entrained at Chalk Point Station by diel 
period in 1987 assuming design flow.  (Biomass estimates not computed for bay anchovy eggs or 
silverside species.) 

 
 Day (Total Flow Volume = 302 mil m3) 

 Density (Num./100 m3) Number (mil) Biomass (kg) 
Stage/Length Anchovy Goby Silverside Anchovy Goby Silverside Anchovy Goby 

Eggs 114.8 0.0 0.0 347.3 0.0 0.0   
1-10 mm 15.7 276.9 0.6 47.4 837.6 1.7 0.7 25.3 
6-10 mm 5.4 35.3 0.6 16.3 106.9 1.8 3.7 31.0 

11-16 mm 0.9 0.4 0.0 2.7 1.1 0.1 3.1 1.7 
16-20 mm 0.3 0.0 0.0 0.9 0.0 0.0 3.4 0.1 
21-25 mm 0.0 0.0 0.0 0.1 0.0 0.0 1.4 0.0 
26-30 mm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 

>30 mm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
All Larvae & Juv 22.3 312.6 1.2 67 946 4 12 59 

 Night (Total Flow Volume = 224 mil m3) 
 Density (Num./100 m3) Number (mil) Biomass (kg) 

Stage/Length Anchovy Goby Silverside Anchovy Goby Silverside Anchovy Goby 
Eggs 164.8 0.0 0.0 368.7 0.0 0.0   

1-10 mm 36.6 276.8 4.2 81.9 619.2 9.5 1.6 21.2 
6-10 mm 22.4 59.8 5.2 50.0 133.7 11.7 12.5 50.2 

11-16 mm 11.3 5.3 0.6 25.2 11.9 1.4 34.8 17.2 
16-20 mm 6.5 0.1 0.0 14.5 0.2 0.0 63.7 1.2 
21-25 mm 4.8 0.1 0.0 10.7 0.1 0.0 103.9 1.8 
26-30 mm 0.4 0.1 0.0 0.8 0.2 0.0 15.3 5.1 

>30 mm 0.3 0.0 0.0 0.7 0.0 0.0 41.2 1.4 
All Larvae & Juv 82.2 342.2 10.1 184 765 23 273 98 

 Day and Night (Total Flow Volume = 526 mil m3) 
 Density (Num./100 m3) Number (mil) Biomass (kg) 

Stage/Length Anchovy Goby Silverside Anchovy Goby Silverside Anchovy Goby 
Eggs 280 0 0 716 0 0   

All Larvae & Juv 105 655 11 251 1,711 26 285 157 
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BRIEF SUMMARY OF PAST IMPINGEMENT STUDIES 
 
There were four impingement studies: 

- 1976-1977 Pre-Barrier Net Impingement Study, 
- 1982-1983 Partial Barrier Net Deployment Impingement Study (Single Barrier Net), 
- 1984-1985 Full Barrier Net Deployment Impingement Study (Double Barrier Net), and  
- 1989-1999 Barrier Net Performance Monitoring. 

 
Three of the studies (partial barrier net deployment not included) are described by Bailey (2005), in an 
evaluation of barrier net effectiveness (Attachment 1).  The evaluation of these data, adjusted for changes 
in fish and crab populations in the Patuxent River, suggested an 80% reduction in impingement following 
deployment of the full double barrier net.  Estimation of the calculation baseline will need to consider not 
only reductions related to the barrier net but also reductions related to use of cooling towers at Units 3 and 
4 and discontinuation of tempering pump usage. 
 
Methods 
 
A description of the barrier net and the procedures for collecting the samples and analytical methods are 
also described in Attachment 1.  Different methods were employed in each study: 

- 1976-1977 study - 30-minute samples were collected at roughly 33-hour intervals – approximately 
6 collections per week; 

- 1982-1983 study - two 30-samples per week, one collected during the day and one at night; 
- 1984-1995 study - a census as well as two 30-minute samples per week as in 1982-1983; 
- 1989-1999 study - 24 hour samples at Unit 1.  (Note some data were collected at Unit 2; but only 

Unit 1 was consistently sampled.) 
Please refer to Attachment 1 for details.   
 
Results and Discussion 
 
Table 12 shows the estimated number of fish impinged in each study.  The 30-minute sample data were 
used to estimate the percent reduction since the methods were comparable.  (The census estimates, which 
were lower, were not used.)  There was an approximate 78% reduction in fish impingement and 18% 
reduction in crab impingement between the studies conducted before and after deployment of the full 
double barrier net system (1976-1978 vs. 1984-1985).  It so happened that there was an abundance of 
crabs in the river during the second study which is apparently why the reduction in crab impingement was 
smaller.  Bailey’s (2005) more detailed evaluation (in Attachment 1), which took changes in fish and crab 
populations in the Patuxent River into account, suggested an overall reduction of slightly more than 80%.  
While there is always uncertainty in such analyses, it seems safe to assume that reductions associated with 
the barrier net when combined with reductions related to having cooling towers on two units at Chalk 
Point as well as reductions associated with discontinuation of tempering pump usage would clearly add up 
to an overall reduction that exceeds 80% by a comfortable margin. 
 
Table 13 shows trends in impingement from 1984 to 1998.  While there has been a decrease in the total 
numbers of fish impinged, numbers of some species have decreased more that others and some have 
increased.  Most noticeable of those with decreasing trends are Atlantic silverside, spot and hogchoker.  
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Two of these (spot and hogchoker) have shown decreasing trends in Patuxent River trawl sampling.  
Therefore the decline may be related more to changes in fish populations rather than changes in barrier-
net efficiency.  At a minimum, the data show that impingement has not increased over the years since the 
barrier net was first deployed.  
 
 
Table 12.  Estimates of numbers of fish and crabs impinged at Chalk Point in three studies conducted 
from 1976 to 1984 before and after barrier net deployment.  

 
 Barrier net deployment 
 Before Partial After 
 1976-78 1982-83 1984-85 
 30-min 30-min 30-min Census* 
Species Samples Samples Samples  
American eel 5,790 7,154 2,556 1,257 
striped anchovy 2,424 0 0 0 
bay anchovy 32,206 27,358 12,192 10,327 
blueback herring 398 4,250 492 2,171 
alewife 398 2,362 0 24 
Atlantic menhaden 1,347,490 233,656 191,753 144,558 
gizzard shad 31,026 9,754 2,427 768 
eastern silvery minnow 552 1,172 460 12 
inland silverside 3,130 2,268 2,575 1,291 
Atlantic silverside 29,908 109,768 78,472 14,195 
white perch 41,910 344,676 15,210 10,459 
striped bass 192 7,218 0 30 
pumpkinseed 144 6,152 181 218 
bluegill 36 1,172 0 13 
yellow perch 0 1,256 815 19 
weakfish 9,730 10,548 28,707 17,336 
spot 647,016 33,796 19,531 9,170 
Atlantic croaker 14,490 21,792 798 19 
skilletfish 0 8,218 17,326 12,129 
summer flounder 1,986 5,266 0 12 
winter flounder 1,976 774 8,914 8,794 
hogchoker 191,926 94,764 115,205 19,019 
all fish 2,362,728 933,374 497,614 251,821 
blue crab 1,948,132 380,760 1,599,762 164,738 
Total 4,310,860 1,314,134 2,097,376 416,559 

 

* The census estimates are actually of a combination of 30-sample estimates and census estimates as described by Bailey 
(2005) (Attachment 1).  
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Table 13.  Number of fish impinged per day at Unit 1 normalized to design circulator and full screen 
operation. 

 

Species 1984/ 1987/ 1990/ 1993/ 1996/ 
 1986 1989 1992 1995 1998 

American eel 0.74 0.30 0.27 0.06 0.07 
striped anchovy 0.00 0.01 0.00 0.00 0.03 
bay anchovy 4.33 6.09 15.58 4.13 40.51 
blueback herring 2.64 11.40 2.08 1.86 14.46 
alewife 0.61 0.40 0.08 0.15 1.02 
Atlantic menhaden 97.46 168.08 82.01 6.07 43.87 
gizzard shad 5.31 6.70 1.84 0.15 1.48 
eastern silvery minnow 0.02 0.00 0.00 0.22 0.27 
inland silverside 0.20 1.49 0.18 1.38 0.84 
Atlantic silverside 87.53 47.99 2.19 6.61 9.26 
white perch 20.99 19.02 1.91 14.36 13.62 
striped bass 0.32 0.39 0.20 0.61 0.05 
pumpkinseed 0.03 0.21 0.10 0.22 0.36 
bluegill 0.07 0.25 0.06 0.04 0.04 
yellow perch 0.00 0.00 0.03 0.00 0.29 
weakfish 2.88 0.16 0.22 0.54 0.14 
spot 12.88 18.26 1.00 1.25 0.23 
Atlantic croaker 0.25 0.29 6.87 0.20 25.65 
skilletfish 3.95 0.49 5.62 0.50 0.25 
summer flounder 0.08 0.06 0.11 0.09 0.00 
winter flounder 1.21 3.26 0.00 0.02 0.03 
hogchoker 27.29 18.37 8.10 3.97 5.72 
other 8.21 9.30 6.34 4.09 7.33 
total fish 277.00 312.51 134.81 46.54 165.52 
blue crab 217.88 80.32 81.48 43.69 44.14 
Total Fish and Crabs 494.87 392.83 216.29 90.23 209.66 
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BRIEF SUMMARY OF PAST TEMPERING PUMP ENTRAINMENT STUDIES 
 
The tempering pumps, which were operated until 1984, pumped water directly from the intake canal to 
the discharge canal to reduce water temperatures in the canal.  There were three pumps, with a combined 
capacity of approximately 15 m3/sec.  They were operated when the discharge canal temperature 
exceeded 32oC (90oF).   
 
The tempering pumps were unprotected by traveling screens which made it possible for adult fish and 
crabs to be entrained by the pumps.  There were a number of studies which estimated entrainment of 
impingeable sized organisms.  It is probable that the way in which the samples were collected biased the 
results.  For example, in order to collect the samples, the pumps were turned off and a collection net put in 
place.  The pumps were then turned back on for approximately 30 min.  During the period when the 
pumps were off, it is likely that fish would repopulate the area in front of the pumps and be trapped when 
pumps were turned back on.  This could cause entrainment to be higher than would normally be the case.  
In any event, large fish and crabs were found to be injured by the pumps and also all organisms would be 
subject to heat shock in the discharge canal.  In addition entrainment of eggs and larvae would be 
expected to be quite high and there could be substantial mortality in the discharge canal for the early life 
stages.  Probable harm to all life stages led to a general consensus that the pumps did more harm then 
good, which is the reason that their use was discontinued.  The materials related to tempering pump 
entrainment (e.g. Hirshfield et al. 1982; Pepco 1984, Loos 1987) will be reviewed in more detail in the 
CDS. 
 
 
QA/QC 
 
The 316b data reported here were subject to extensive review by PPSP.  Standard field and laboratory 
QA/QC measures were employed.  For example, flow meters used for plankton collections were 
calibrated, samples were resorted and error rates reported, data entry was reviewed, and estimates were 
independently computed.   
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TECHNICAL PAPER 
Abstract 
Barrier nets at the Chalk Point Generating Station on the Patuxent River Estuary are deployed to reduce 
environmental and operational impacts of fish and blue crab impingement.  A temporary prototype net was deployed 
in 1981; a single permanent net, in 1982; and a second (additional) permanent net, in September 1984.  The current 
nets are constructed of woven mesh netting (0.75-in. and 1.25-in stretch mesh width on the inner and outer nets, 
respectively) suspended on 40-ft pilings at the mouth of the station intake canal  that has a maximum depth of 15 feet.  
The barrier nets cost $100,000 to install and $75,000 to $88,000 for annual operation and maintenance.  After 
deployment of the second net, impingement liability was evaluated based on size and number of organisms impinged 
as specified in the Code of Maryland Regulations.  Prior to the analysis presented in this paper, there was no 
estimation of overall percent reduction in impingement. 
 
In the current evaluation, percent reduction was estimated by comparing numbers impinged in a 12-month period in 
1984 and 1985 (after the second barrier net was deployed) with baseline numbers during an 18-month period in 1976 
and 1977 (before deployment of any of the nets).  There were 78% and 18% reductions in the impingement of fish 
and blue crab, respectively.  However, these estimates were confounded by changes in river populations.  To alleviate 
this bias, the estimated reductions were adjusted where this could be supported by finding good correlations (R-square 
> 0.4) between impingement and relative abundance for those individual species representing more than 1% of the 
impingement totals during both evaluation periods.  Of the seven species meeting the 1% criteria, the relationship was 
judged sufficient for Atlantic menhaden, spot, white perch, hogchoker and blue crab and insufficient for bay anchovy 
and Atlantic silverside.  Proportionally adjusted estimates of reduction for the five species meeting the criteria ranged 
from 82 to 98%. 
 
Introduction 
The Chalk Point Generating Station (Chalk Point) is currently owned and operated by Mirant Chalk Point, LLC.  A 
barrier net was first deployed at Chalk Point in the summer of 1981, in response to operational problems.  The station 
was experiencing frequent outages during a period of peak energy demand due to condenser blockages by juvenile 
blue crabs (Callinectes sapidus).  Subsequently, the barrier net was used to satisfy requirements for Best Technology 
Available for impingement under Maryland’s State 316(b) regulations (Loos, 1986 and 1987, Bailey et. al., 1998).  
There has also been a retrospective evaluation of decisions related to reducing and mitigating entrainment and 
impingement impacts at Chalk Point (Bailey et. al, 2000).   
 
This paper will describe the barrier net system development in terms of its design and operation and associated capital 
and operation and maintenance (O&M) costs.  The paper will then discuss the effectiveness of the net and it’s ability 
to satisfy the performance standards proposed by the United States Environmental Protection Agency (EPA) in the 
proposed Phase II existing facilities regulations issued on April 9, 2002 (EPA 2002).  Two approaches are used in the 
evaluation.  The first method involves calculating percent reductions for the major fish species (all fish species 
combined and blue crabs) by comparing impingement levels before and after the installation of the barrier net system.  
The second method uses relative abundance data from long-term seining and trawling studies to adjust performance 
estimates for the most commonly impinged species based on their inter-year relative abundance.  
 
Design, Operation and Maintenance 
Chalk Point is located at the confluence of the Patuxent River, a tidal estuary, and Swanson’s Creek (Figure 1).  Units 
1 and 2 of the station use once-through cooling water for condenser cooling.  Each unit has two 125,000 gpm 
circulating water pumps such that the station uses a total of 500,000 gpm with all pumps in operation.  Each pump 
draws water through four traveling screens equipped with 0.375-in sq wire mesh panels.    
 
The first barrier net of the current net system was deployed at the entrance to the intake canal in Swanson’s Creek in 
April of 1982 (a prototype was temporarily installed on hand placed gill net poles from August – October of 1981).  It 
is currently made up of two 275-ft long by 27-ft deep panels supported on forty 10-in pilings.  The woven netting 
mesh width is 0.75-in stretch.  A second barrier net, located approximately 100 ft south of the first net, was deployed 
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in September of 1984 to relieve pressure on the inner net.  This outer net currently consists of three panels, 275-ft 
long.  The net is approximately 700-ft long when deployed by 27-ft deep, supported by fifty 10-in pilings.  The woven 
netting mesh width is 1.25-in stretch.  Both sets of pilings now have a 4-ft skirt attached along the bottom in the 
deepest part of the channel to help ensure a good seal during times when there is a lot of pressure on the nets.  The 
skirt is made up of 0.75-in stretch mesh.  There is 0.5-in wire mesh fencing located on supports between the shore and 
the first pilings.  The top of each net panel is hung from hooks attached to the support pilings such that there is always 
several feet of net above the waterline at mean high tide.  Each net panel has a chain of 0.19-in galvanized steel to 
hold the net on the bottom. 
 
The net is located in an area of the Patuxent River where several biofouling organisms are found.  The dominant 
species during peak fouling season are a colonial hydroid (Garvia franciscana) and a bryozoan (Victorella pavida).  
In addition, debris (primarily leaves in the fall) and jellyfish (in the summer) can accumulate on the outer net.  To 
control fouling growth and remove debris and jellyfish, the barrier net panels are changed on a regular basis.  All net 
panels are changed once every two weeks, except in the summer when net changes can take place once or even twice 
per week at the peak of the biofouling season.   The net is changed in a manner such that as panels are unhooked from 
pilings and peeled away with one boat, another boat comes behind with the replacement net.  This minimizes the 
opportunity for fish or crabs to by-pass the net.  The nets have a line of floats attached to the top line which keeps 
them buoyant during this process.  The new net is deployed about 15-ft in front of the pilings and relies on the current 
to carry it against the pilings.  About 6 to 8 ft of net lies on the substrate in front of the pilings to ensure a good seal.  
It takes approximately 40 minutes to complete a change of the inner net.  After the change, divers inspect and adjust 
the bottom of the nets to insure there is a good seal with the river substrate.  
 
Each fall around mid-November the barrier nets are removed for ten days to two weeks.  This is done to prevent 
impingement of menhaden in the fall.  It is believed that small juvenile or late larval stage menhaden go through the 
net in the spring or early summer and take advantage of the continuous flow of cooling water and associated food 
supply in the intake canal.  They grow quickly, reaching a size of 4 to 6- in by the fall, and are too large to pass back 
through the net in order to migrate downstream in the fall.  Small impingement incidents can occur in late November 
if the nets are not removed and the fish allowed to escape. 
 
Based on 1984 observations of barrier net performance, significant changes were made to the barrier net system in 
September of 1984.   Inspections in 1984 determined that in eleven of nineteen post deployment dive inspections 
(conducted a day or so after the net was changed) the barrier net was off the bottom at one or more pilings.  To 
alleviate this problem, a 380-ft skirt of 0.75-in stretch mesh was added along the bottom of the inner pilings.  It was 
further determined that small juvenile crabs could pass through the single 1.25-in stretch mesh net.  In September 
1984, the mesh size of the net was reduced to 0.75-in stretch (Figure 2) and an outer net of 1.25-in stretch mesh was 
added.  The mesh size of the inner net was now slightly smaller than the 0.375-in stainless steel sq mesh of the 
traveling screens.  The method of net deployment was also changed.  The net was deployed 15-ft in front of the 
pilings and allowed to float back against the pilings, which allowed the bottom of the net to lay on the substrate 
several feet in front of the pilings and form a good seal.  Prior to this, the net was simply dropped directly in front of 
the pilings, which resulted in gaps under the net in areas where depressions occurred in the substrate.  An analysis of 
performance was conducted following these design and operational improvements.  This analysis focused on benthic 
species like blue crab, hogchoker (Trinectes maculatus) and white perch (Morone americana) that could have gone 
under the net or through the larger mesh size in 1984 (Table 2). 
 
Up until 1996 the barrier nets were removed in early December and kept out through late February, due to concern 
over ice damage.  In the late fall of 1996 however, instead of removing both nets, the inner net was left deployed 
through the winter with the top of the net submerged several feet below the water for a period of six weeks, or as long 
as there was a threat of the river freezing. 
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Costs 
The primary capital cost of the barrier net system was installation of the barrier-net support pilings.  The 40-ft long 
pilings were hydraulically sunk into the sediment to a depth of 10-ft leaving 3 to 5-ft of piling above water at mean 
high tide.  The capital cost to install the 90 pilings that make up the barrier net system was $100,000.  The 40 inner 
net pilings were deployed in 1982 and the 50 outer net pilings were deployed in 1984. 
 
One set of nets (2 inner panels and 3 outer panels) cost approximately $13,000 and each year one set of replacement 
nets is purchased, as the life of the nets is about three years.  A local contractor performs the barrier net changes and 
diving inspections.  The annual cost of this contract ranges between $75,000-88,000. 
 
Costs of barrier net systems may vary considerably due to site-specific circumstances.  Wisconsin Energy Corporation 
reports that the barrier net used at its Pine Hydroelectric Facility in northeastern Wisconsin is almost never changed 
and associated O&M costs are minimal.  In addition, since the nets are replaced less frequently, the ultraviolet 
damage due to exposure to sunlight during the drying process (to remove fouling) is eliminated (Dave Michaud, 
personal communication).  In contrast, the Detroit Edison Company reports significantly higher costs at the Ludington 
Pumped Storage Plant (jointly owned with Consumers Energy Company) located on Lake Michigan.  In this case, a 
2.5-mi long barrier net is deployed seasonally from April through October and requires frequent maintenance by 
divers.  The capital cost of this net was $1.5 million and annual O&M costs are $1.3 million (Robert Reider, personal 
communication). 
 
Effectiveness Evaluation 
 
Methods 
 
1. Impingement Monitoring Methods 
 
1976-1977 Pre-Barrier Net Impingement Study 
Between June 1976 and November 1977 impingement monitoring was conducted to estimate impingement of fish and 
blue crab.  Two 0.5-h collections, 3 hours apart, were made on each of 6 consecutive days in order to determine diel 
impingement rates.  These samples were followed by a 2 or 3 day period during which no sampling was done and 
then a new 6-d series began.  The time schedule for the collection of the first sample of each in the 6-d series was:  
0000 h, 0400 h, 0800 h, 1200 h, 1600 h and 2000 h.  After the sixth sampling series, the start time would go back to 
0000 h.  Unit 1 was sampled first, immediately followed by Unit 2.  This procedure was followed for 18 months. 
 
Prior to sampling, the screens were run for 20 to 30 minutes to clean them of debris and impinged organisms.  After 
the initial cleaning, impinged organisms were collected by placing a dip net in the screenwash discharge sluiceway for 
0.5-h.  The dip net was made of 0.5-in stretch mesh nylon attached to a steel frame made to fit precisely in the 
discharge trough. 
 
All collected organisms were counted and weighed by species.  In addition, up to 50 individuals of each fish species 
was measured for total length.  
 
1984-85 Post Barrier Net Deployment Impingement Study 
Between March 1, 1984 and September 6, 1985 two methods were used to monitor fish impingement.  The first 
method involved conducting a complete count of all organisms impinged throughout the entire sampling period.  The 
complete count method was an attempt to more accurately determine impingement numbers, specifically for blue 
crab.  Although fish data were also collected, there was concern that, due to screen predation by crabs or deterioration 
in hot weather, fish counts could be skewed.  Therefore, the fish data collected using this method were only used 
during the period when crabs were less active and the temperatures were below 14 oC. (from November through 
March).  The other method involved sampling one day a week, twice a day, for 0.5 h to monitor impingement rates in 
a way that could compare current impingement levels to the pre-barrier net levels of the 1976/1977 study.  
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The complete count was generally conducted by collecting daily samples throughout the study period.  Some 
variances in the sampling regime occurred from March 1 to April 13, 1984 and September 17, 1984 to May 24, 1985 
when weekends were included in Monday counts.  Also, between June 16 and July 24, 1984, sampling was done 
twice a day to help evaluate potential losses due to consumption of impinged organisms by blue crab.  As in the pre-
barrier net study, these samples were collected by deploying a net in the screenwash sluiceways of  Units 1 and 2.   
The collection nets remained deployed however, to insure that, in the event that plant personnel  rotated the screens 
for operational purposes, any fish or crabs washed from the screens would be collected and included in the count.  
The frame size of these sampling nets was 17-in wide by 27-in high, and the mesh was 0.25-in square.  
 
For impingement rate estimates, 0.5-h daytime and nighttime samples were collected once per week.  Collections 
were scheduled so that there would be complete diel coverage each month.  The methods used to collect these 
samples were the same as those used in the complete counts, except that the screens were rotated for 30 minutes prior 
to taking the sample in order to clean them of accumulated debris and organisms.  This material was still collected 
and included in the complete count numbers (as were the samples themselves). 
 
1989-1999 Barrier Net Performance Monitoring 
From June 1989 through 1999 qualitative sampling was conducted to monitor barrier net performance.  Twenty-four 
hour samples were collected from the screenwash sluiceway troughs.  These samples were collected weekly from 
Units 1 and 2 until 1991 when sampling was reduced to once every other week.  Sampling was further reduced in 
1992 to Unit 1 only.  The screens would be run to clean them of debris and fish and the final screen would be marked 
in order to insure that the screens had not been rotated during the 24-h sample period by plant personnel when 
biologists returned to collect the sample the next day. 
 
2. Long-term Relative Abundance Monitoring Methods 
 
Two sources of fish and crab data were used to evaluate barrier net effectiveness in the context of inter-year relative 
abundance changes:  (1) Maryland Department of Natural Resources (MD DNR) juvenile index data for the Choptank 
and Nanticoke Rivers, the closest permanent juvenile index locations to Chalk Point (Figure 1), and (2) the Chalk 
Point Patuxent River benthic trawl catch.  The MD DNR index is based on 2 seine hauls with a 100-ft bagless seine 
with 0.25-in bar mesh.  Collections are made monthly from July to September.  The index value used in the analysis is 
the geometric mean over 8 stations.  The MD DNR data and a more detailed description of methods are available at 
http://www.dnr.state.md.us/fisheries/juvindex/index.html. 
 
The Patuxent River trawl catch data are the mean numbers of fish per minute of trawling over 23 stations for fish and 
24 stations for crabs.  The trawl was a 16-ft otter trawl with 1.25-in stretch mesh in the body and 0.5-in stretch mesh 
in the bag.  Sampling frequency varied from weekly to monthly from 1982 to 2003 (Loos and Perry, 2001). 
 
3. Analytical Methods 
 
The yearly estimates of impingement from 0.5-h samples in the 1976/1977 period were calculated using the formula: 
 
Impingement Estimate  =  mean # fish per 0.5 hour * 2 units * 48 half-hours/day * 365 days/yr. (1) 
 
These estimates are for the hypothetical case of full operation of both units year round.  In the 1984/1985 period, 0.5-
h samples were weighted by the duration of day and night periods.  In other words, estimates for day and night 
periods were computed separately by multiplying by the number of fish and crabs impinged per hour by the number 
of hours in each diel period and then summing over the diel period.  This was not necessary in the 1976/1977 period 
because the number of samples in each period was proportional to the duration. 
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More realistic estimates based on actual plant operation and census estimates of impingement were also made for the 
1984/1985 period.  The census data were considered to provide more reliable estimates because they did not require 
making the assumption that impingement on a freshly cleaned screen is representative of normal operation.  However, 
the data were used selectively, due to concerns about bias that could result from predation of impinged fish by crabs 
and from deterioration in hot weather.  For purposes of computing annual impingement estimates, the census data 
were used during the period when crabs were less active and the temperatures were below 14 oC (from November 
through March).  Crab census data were used year round.  The composite of 30-m impingement estimates and census 
estimates were made by summing monthly estimates of impingement over the period that each method was used. 
 
For the purpose of comparing fish impingement relative to barrier net deployment, estimates for individual fish 
species were computed only for those species that made up more than 1% of impingement levels in the 1976/1977 
and 1984/1985 study periods.  The blue crab and six fish species met this criterion. 
 
We considered the change in number impinged before and after the net system deployment as the most logical 
comparison  for evaluating the effectiveness of the net system because it allows a direct estimate of percent reduction.  
However, for that to be a fair comparison, the number of fish and crabs in the river had to be comparable for the 
before and after periods.  That was not the case.  Examination of the annual MD DNR juvenile index values for major 
species with available data showed substantial differences.  Therefore we elected to make adjustments in the estimates 
based on changes in population abundances.   
 
Adjusted estimates of percent reduction were done in two steps.  First, an expected impingement in the 1984/1985 
period was computed based on fish abundance using the following equation: 
 

Expected Impingement in 1984/1985 = Impingement in 1976/1977 * (Juvenile Index in 1984/ 
Juvenile Index in 1976) (2) 

 
Second, the percent reduction was computed using expected and actual impingement in 1984/1985 using this 
equation: 
 

Percent Reduction = (Expected Impingement - Actual Impingement) / Expected Impingement *100 (3) 
 
Population abundance adjustments were made using the MD DNR juvenile index data where it could be shown that 
there was a reasonably close relationship between impingement and the index.  This was judged using R-square 
values of approximately 0.4 or higher for the Impingement – Juvenile Index regression for log transformed data.  The 
two most abundant fish species in 1976/1977 met this criterion.  
 
The MD DNR juvenile index data were not useful for making adjustments for some species because index data were 
not available or because there was little or no relationship between the index and impingement data.  Therefore, for 
those species, trawl data were evaluated for inter-year relative abundance adjustments.  Blue crab weekly census data 
for impingement were correlated with weekly trawl catches, while annual impingement for two fish species were 
correlated with mean trawl catches from May to September. 
 
A limitation of the trawl data is that they were not available for the 1976/1977 study period.  Therefore, data from 
1984 and 1985 were used to compute percent reduction, since many improvements were made prior to the 1985 crab 
season.  As noted in the description of barrier net deployment, there were many improvements in design and operation 
of the net that would be expected to reduce impingement between 1984 and 1985, especially for benthic oriented 
species like blue crab, hogchoker and white perch.  The equations used to compute percent reduction were similar to 
those used for the juvenile index except that the ratio of mean trawl catch in 1985 over mean trawl catch in 1984 was 
used to compute the expected impingement in 1985.  The census data collected between April and August in 1984 and 
1985 were used for the impingement numbers.   
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This analysis would not take into account periods when the barrier net was not deployed.  For blue crab, however, 
there was almost no impingement during this period (winter).  For the other species, there could be some overestimate 
but this can be reduced since the net is now deployed year-round. 
 
Results 
Table 2 provides a summary comparison of the 1976/1977 and 1984/1985 impingement studies.  Blue crab were the 
most commonly impinged organism making up 45.1% of the total impingement in 1976/1977 and 75.3% in 
1984/1985 (38.1% using the census data in 1984/1985).  Atlantic menhaden (Brevoortia tyrannus) were the most 
commonly impinged fish species making up 56.9% of total fish impingement in 1976/1977 and 36.5% in 1984/1985 
(54.1% using the census data in 1984/1985).  These two species made up 76.4% of the total impingement prior to and 
84.2% (71.6%) of total impingement after deployment of the double barrier net system. 
 
In 1976/1977, spot (Leiostomus xanthurus) were the next most abundant fish making up 27.3 percent of total fish, 
followed by hogchoker (8.1%), white perch (1.8%), bay anchovy (Anchoa mitchilli) (1.4%), gizzard shad (Dorosoma 
cepedianum) (1.3%) and Atlantic silversides (Menidia menidia) (1.3%).  Fish species making up more than 1% of fish 
impingement in 1984/1985 included hogchoker (21.9%), Atlantic silverside (14.9%), weakfish (Cynoscion regalis) 
(5.5%), spot (3.7%), skilletfish (Gobiesox strumosus) (3.3), white perch (2.9), bay anchovy (2.3%) and winter 
flounder (Pleuronectes americanus) (1.7%).  
 
Comparisons of blue crab and fish species that made up more than 1% of fish impingement both before and after the 
barrier net system was deployment are shown in Figure 3.  Based on a simple comparison of impingement samples 
collected before (1976/1977) and after (1984/1985) the barrier net system was deployed, there was an overall 78% 
reduction for total fish.  There were reductions of 86% for menhaden and 97% for spot, which accounted for 84.2% of 
fish impingement prior to the barrier net system deployment.  Hogchoker, white perch and bay anchovy had 
reductions of 40%, 64% and 62% respectively.   These three species made up 11.3% of fish impingement prior to the 
net system deployment.  Atlantic silversides, however, showed a 162% increase in impingement after the net system 
deployment and blue crabs, the most commonly impinged organism had a reduction of only 18%. 
 
Table 3 shows the results of correlation analysis conducted to determine if impingement levels of the commonly 
impinged species could be correlated with either the MD DNR juvenile index or Patuxent River trawl catch.  Results 
of this analysis showed that for Atlantic menhaden and spot there were good and weak correlations, respectively, 
between the MD DNR juvenile index survey and numbers of fish impinged.   Lower or no correlations were found 
between impingement and the juvenile indices for white perch, bay anchovy and Atlantic silverside. The survey does 
not include data for blue crab and hogchoker.  Applying the adjustment, the barrier net system reduction for Atlantic 
menhaden was decreased to 85% and for spot  increased to 98% (Table 4).   
 
Another method to evaluate the barrier net system performance in the context of inter-year species abundance 
variability of commonly impinged species was to correlate results with the 1984 and 1985 benthic trawl survey.   As 
indicated earlier in this paper, a single barrier net of 1.25-in stretch mesh was deployed in the summer of 1984.   The 
use of a single net, combined with poor deployment methods frequently resulted in the net having gaps along the 
bottom which allowed benthic species (in particular) to pass under the net.  It is these species that are collected in 
greatest abundance in benthic trawl surveys.  In this analysis, the more accurate complete census impingement data 
were used for correlation with the benthic trawl data.  A good correlation was found for blue crab (Figures 6 and 7) 
and  weaker correlations were found for hogchoker and white perch (Figure 5).  The results of estimates of barrier net 
performance based on adjustments for inter-year relative abundance are shown in Table 4.  For all three species the 
relative abundance was higher in 1985 than in 1984.  Figure 7 shows the results of barrier net system performance for 
the blue crab based on a comparison of 1984 and 1985 weekly impingement census data, versus expected 1985 
weekly impingement adjusting for relative abundance using the weekly benthic trawl data.  This comparison indicates 
the barrier net system resulted in an estimated 82% reduction in blue crab impingement.  Similar analyses (i.e. based 
on annual impingement and trawl data rather than weekly data) for hogchoker and white perch indicated reductions of 
83% and 95%, respectively (Table 4). 
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Atlantic silverside impingement numbers could not be correlated with the MD DNR juvenile index and they were not 
effectively collected in benthic trawl samples.  However, it is important to note that in 1984/1985 the barrier net 
system was deployed on a seasonal basis; being removed in December and re-deployed in late February or early 
March due to concern over ice damage.  Analysis of impingement samples on a weekly basis determined that 95% of 
the Atlantic silverside impingement occurred in the winter during the period of net system removal.  The Atlantic 
silverside 1984 and 1985 complete census data were compared to evaluate the benefit of the double barrier net system 
during the periods when the net was deployed in those years.  There were 58% fewer of this species impinged in 1985 
after the double barrier net system was deployed.   
 
Bay anchovy impingement samples also could not be correlated with either MD DNR juvenile index or trawling 
samples.  A comparison of the 1984 and 1985 census data showed a 55% reduction in observed impingement. 
 
Discussion 
Based on impingement reductions reported, the barrier net was determined to satisfy 316(b) requirements under 
Maryland State regulations (Loos 1987).  The Maryland impingement reduction regulations are based on American 
Fisheries Society replacement value costs rather than a numeric reduction in impingement.  In addition to providing a 
fish and shellfish protection benefit, Chalk Point  personnel have reported that the technology has been beneficial in 
terms of preventing outages due to condenser blockage by aquatic organisms or debris that by-passes the traveling 
screens (Loos 1986). 
 
The primary cost component of the operation and maintenance of this technology is the cost for barrier net changes to 
control biofouling and debris.  This cost runs approximately $75,000 to $88,000 per year at Chalk Point and[but] can 
be substantially higher or lower depending on site-specific circumstances. 
 
It is important to consider the barrier net system performance in the context of the current EPA rulemaking.   EPA 
proposed Phase II regulations for existing generating stations on April 9, 2002 (US EPA 2002).  The regulations 
propose performance standards that require reducing impingement by 80-95% for all generating stations that use more 
than 50 mgd and use greater than 25% of their water for cooling and do not employ wet closed-cycle cooling.  
Facilities on oceans, tidal estuaries and the Great Lakes as well as facilities on non tidal rivers that use more than 5% 
of the mean annual flow of the source water are also required to reduce entrainment by 60-90%. 
 
EPA identified the barrier net as a technology for meeting the impingement performance standard in both the Phase II  
proposal and the Notice of Data Availability (NODA) issued March 19, 2003 (US EPA 2003).  The results of the 
Chalk Point barrier net system provide support that the technology can satisfy the performance standard.  However, 
application of the technology should be evaluated on a site-specific basis.   Success of the barrier net system at Chalk 
Point required modifications based on site-specific conditions and impinged species specific to that river system.  The 
Chalk Point barrier net system continues to be evaluated as to improvements that will reduce cost and/or improve 
effectiveness. 
 
EPA’s proposed impingement performance standard is based on requiring a reduction in impingement mortality rather 
than a reduction in impingement numbers.  The Academy of Natural Sciences of Philadelphia (ANSP), which 
conducted the 1976/1977 impingement studies at Chalk Point, used impingement survival studies conducted at the 
Calvert Cliffs Nuclear Generating Station, located on the main-stem Chesapeake Bay, to make observations of 
impingement survival for Chalk Point.  In addition, some effort was made to estimate impingement survival of blue 
crab during studies conducted by Pepco at Chalk Point.  The blue crab was not only the primary organism impinged, 
but it also accounted for the major economic value of impingement losses under Maryland’s 316(b) regulations.  
Studies showed a 5% immediate impingement mortality for blue crab with an estimated overall mortality of 
approximately 15% (ANSP 1983).  This was seemingly due to thermal exposure (and possibly exposure to biocide) as 
a result of returning impinged crabs to the heated discharge canal; therefore, mortality beyond the immediate losses 
was considered a function of discharge temperature and biocide use.  The hogchoker also had a very high 
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impingement immediate survival rate, estimated to be in the range of 99%, although mortality in the discharge canal 
was not estimated.  
 
The Chalk Point barrier net system study results point out several issues related to impingement monitoring relative to 
EPA’s proposed rule and the NODA.  The first is the importance of being able to relate pre and post barrier net 
deployment impingement figures to the inter-year variability of the most commonly impinged species.  Failure to 
account for inter-year variability of the major species impinged could significantly under or over estimate the 
technology’s performance in the context of the proposed performance standard.  This is especially true in estuarine 
environments, such as the tidal Patuxent River where Chalk Point  is located, due to salinity changes that affect 
species composition, in addition to normal fluctuations in fish and crab populations.  In the case of Chalk Point, there 
would have been a significant underestimate of performance for the most commonly impinged species (blue crab), as 
well as hogchoker and white perch, if the performance evaluation had simply been limited to a comparison of 
impingement numbers before and after the net system was deployed.  
 
A second point is that it is simply not practical to evaluate barrier net effectiveness in terms of the performance 
standard for each impinged species.  Skilletfish, for example, were not collected in the 1976/1977 study, but in the 
post barrier net system deployment sampling they ranked sixth in terms of the most frequently impinged fish.  
Similarly, gizzard shad ranked sixth in terms of the most frequently impinged fish with an estimated 31,000 impinged 
in 1976/1977.  However, so few were impinged in 1984/1985, the reduction would be estimated to be well over 99% 
(probably an overestimate).  In both instances, precise quantitative conclusions would be unwarranted due to 
increased uncertainty in years of low relative abundance. 
 
A third point is the importance of proper selection of the methods used to quantify impingement levels.  As noted in 
Table 2, the estimation samples significantly overestimated impingement compared to the census method samples.  
This phenomenon is discussed in more detail by Bailey et al (1998).  The use of the estimation method would be 
appropriate if the screens at a facility were rotated on a continuous basis.  However, this method will lead to an 
overestimate of impingement at facilities such as Chalk Point, where screens tend to be rotated only once per day. 
 
Ideas are being considered to further improve the performance of the barrier net at Chalk Point.  One idea is to use 
0.75-in stretch mesh for both the inner and outer nets to provide additional protection for small crabs and fish.  It 
might be possible to even further reduce the mesh size to provide protection to larger entrainable organisms.  A 
barrier net cannot achieve protection for all life stages, but protection for larger entrainable organisms combined with 
other technologies or measures, could be a viable compliance strategy under EPA’s proposed Phase II rules.  Another 
idea being considered for the Chalk Point barrier net system is to devise an escape mechanism for trapped menhaden 
that would eliminate the need for temporary net removal in the fall.  The fall is a time when leaves make up a large 
component of the screenwash, even with the barrier nets deployed.  When the nets are out, leaf impingement can 
become so heavy that there is carry over behind the screens or backpressure created by screen blockages (Chalk 
doesn’t rotate their traveling screens continuously).  By not pulling the net, even for the week or 10 days that is 
required for menhaden migration out of the canal, the plant could alleviate the operational issues that arise with such 
heavy impingement episodes.  
 
Finally, it is important to note that site-specific circumstances may preclude use of barrier nets.  An attempt was made 
to deploy a barrier net at the Morgantown Station on the lower Potomac River where there is a curtain wall in front of 
the facility’s intake.  Delivery of fuel by barge precluded deployment of a barrier net outside the curtain wall, while 
the currents inside the curtain wall prevented successful deployment of a barrier net there.  At other locations, 
proximity of the intake to navigation channels or deployment in areas with rapid currents or high debris loads could 
prevent their use.  
 
Summary and Conclusions 
In summary, the barrier net, depending on site-specific circumstances, can be a cost effective technology to meet 
EPA’s proposed impingement performance standards or as a component of an overall compliance strategy to satisfy 
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requirements for facilities subject to both impingement and entrainment performance standards.  When using a barrier 
net it is important to establish the calculation baseline prior to net deployment and collect inter-year variability data 
on the most commonly impinged species in order to evaluate performance in the context of source water body 
population fluctuations.  It is also important to recognize that the barrier net system is likely to require modifications 
on a site-specific basis to provide protection for the species of concern.  
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Tables 
 
Table 1.  Primary changes in barrier net deployment from 1982 to 2002. 
 

 Change  Before Sept. 1984 After Sept. 1984  1996 to 2002 

 # Barrier Nets  One Net  Two Nets  Same as 1985 
 Mesh Size  1.25-in Stretch Mesh  Outer net - 1.25-in stretch mesh  

Inner net - 0.75-in stretch mesh  
 Same as 1985 

 Sealing Skirt  None  Inner net only  Inner net and outer net 

 Sealing Net Deployment  None  Net deployed 15 ft in front of pilings.  
6-8 ft drape on substrate 

 Same as 1985 

 Seasonal Deployment  Removed in winter  Removed in winter  Year round deployment 
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Table 2.  Estimated numbers of fish and crabs impinged before barrier net deployment (1976/1977) compared with estimated 
numbers after net deployment (1984/85).  In the 1984/1985 period there were two estimation methods:  The 0.5-h sample estimate 
was based on the same methods used in the 1976/1977 period; the combination estimate was based on a combination of 0.5-h 
sample estimates from April to October for fish, census estimates from November to March for fish and census methods year 
round for crabs.  The sample estimate is based on assumed full unit operation.  The combination estimate is based on actual 
operation. a 
 
 

1976/1977 Sample Estimate  1984/1985 Sample Estimate 1984/1985 Combination Estimate 
Dominate Species b #s % c  Dominate Species b #s % c Dominate Species b #s % c

Blue Crab 1,948,132 45.1  Blue Crab 1,599,762 75.3 Blue Crab 164,738 38.1

Fish:    Fish: Fish: 
1. Atlantic menhaden 1,347,490 56.9  1. Atlantic menhaden 191,753 36.5  1. Atlantic menhaden 144,558 54.1
2. Spot 647,016 27.3  2. Hogchoker 115,205 21.9  2. Hogchoker 19,019 7.1
3. Hogchoker 191,926 8.1  3. Atlantic silverside   78,472 14.9  3. Weakfish 17,336 6.5
4. White perch 41,910 1.8  4. Weakfish             28,707  5.5  4. Atlantic silverside 14,195 5.3
5. Bay anchovy 32,206 1.4  5. Spot                 19,531  3.7  5. Skilletfish 12,129 4.5
6. Gizzard shad 31,026 1.3  6. Skilletfish          17,326  3.3  6. White perch 10,459 3.9
7. Atlantic silverside 29,908 1.3  7. White perch           15,210  2.9  7. Bay anchovy 10,327 3.9

    8. Bay anchovy           12,192  2.3  8. Spot 9,170 3.4
    9. Winter flounder        8,914  1.7  9  Winter flounder 8,794 3.3
     10. Naked goby 7,534 2.8
    11. Mummichog 6,888 2.6
    

Fish >1% of total fish 2,321,482 98.0  487,310 92.5 260,409 97.4
32 other fish species 46,842 2.0  37 other fish species 38,149 7.3 40 other fish species 6,959 2.6
Total fish 2,368,324 54.9   525,459 24.7 267,368 61.9
Total organisms 4,316,456   2,125,221 432,106

    
a The combination estimate was submitted to Maryland regulators as the best estimate of actual impingement.  There was no 
comparable estimate for the baseline period in 1976/1977, so no overall percent reduction was computed. 
b Fish species with impingement greater than 1% of total fish impingement are included.  Species listed in bold font were greater 
than 1% of total in both sampling periods. 
c For blue crab and total fish, percent impingement is based on total organism impingement.  For individual fish species, percent 
impingement is based on total fish impingement.  
 

 



Proceedings Report: Symposium on Cooling Water Intake Technologies to Protect Aquatic Organisms 

- 173 - 

Table 3.  Results of regression analysis of impingement vs. measures of river population abundance. 
 Species  Years  Dependent 

Variable 
 Independent Variable  Parameter 

Value 
 P-Value  R2 

Atlantic Menhaden  1985-1999  Imp. Samplea  Juvenile. Indexa 1.382 0.0001 0.68
Bay Anchovy  “  “ “ -0.765 0.0106 0.36
Atlantic Silverside  “  “ “ 0.055 0.8879 0
White Perch  “  “ “ 0.184 0.1122 0.18
Spot  “  “ “ 0.829 0.0037 0.49

Atlantic Menhaden  1985-1999  Imp. Sample1  Trawl Catch1 0.660 0.6721 0.02
Bay Anchovy  “  “ “ -0.622 0.0554 0.27
Atlantic Silverside  “  “ “ -0.616 0.7995 0
White Perch  “  “ “ 0.340 0.0088 0.42
Spot  “  “ “ 0.318 0.0064 0.45
Hogchoker  “  “ “ 0.402 0.0026 0.52

Blue Crab  1984/1985   WeeklyTrawlCatch      1.8684 <0.0001 0.79
    

Weekly Imp.  
Census  Year 1984=1; 1985=2      15.554 0.0246   

    (x 1000)  TrawlCatch*Year -0.917 <0.0001   
a Log10 Transformed 
 
Table 4.  Unadjusted and adjusted estimates of percent reduction in impingement following barrier net deployment. 

Species  Impingement Reduction Based  
on Raw Data 

 Impingement Reduction Adjusted for 
Inter-Year Relative Abundance 

Blue crab  18% 82%  
Atlantic menhaden  86% 85% 
Spot  97% 98%  a 
Hogchoker  40% 83% 
White perch  64% 95%  a 

a R square less for impingement vs. abundance regression less than 0.5 (0.45 for spot and 0.42 for white perch). 
 
Figure Captions 
Figure 1.  Map showing location of Chalk Point Generating Station and River Population Monitoring Stations  
 
Figure 2.  Barrier net system as deployed in 1985. 
 
Figure 3.  Impingement before (1976/1977) and after (1984/1985) barrier net deployment reduction and unadjusted 
(raw) percent reduction after deployment. 
 
Figure 4.  Plot of impingement vs. Maryland Juvenile Index  for Atlantic menhaden and spot.  Trace indicates 
predicted value from regression analysis. 
 
Figure 5.  Plot of impingement vs. benthic trawl  for white perch and hogchoker.  Trace indicates predicted value 
from regression analysis. 
 
Figure 6.  Plot of weekly impingement vs. mean weekly trawl catch for blue crab.  Trace indicates predicted value 
from regression analysis. 
 
Figure 7.  Observed weekly impingement in 1984 and observed and predicted weekly impingement in 1985 with 
predicted impingement based on river population abundance 
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Figure 2.  Barrier net system as deployed in 1985.

Figure 1.  Map showing location of Chalk Point Generating Station and River Population Monitoring Stations
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Figure 3.  Impingement before (1976/1977) and after (1984/1985) barrier net deployment reduction and unadjusted 
(raw) percent reduction after deployment. 

Figure 4.  Plot of impingement vs. Maryland Juvenile Index for Atlantic menhaden and spot.  Trace indicates 
predicted value from regression analysis. 



Proceedings Report: Symposium on Cooling Water Intake Technologies to Protect Aquatic Organisms 

- 176 - 

White Perch Hogchoker

0.0
0.00.0 0.0

0.2

0.4

0.6

0.8

1.0

0.2

0.4

0.8

1.0

0.6

0.8 1.2 1.60.5 1.0 1.5 2.0 2.5 2.0 2.4

R-Square=0.42

Lo
g 

Im
pi

ng
em

en
t

Log Trawl Catch Log Trawl Catch

R-Square=0.52

0 60 80 100 120 140
0

10

20

30

40

50

60

70

80

Number of Crabs
1984

1985

R Square = 0.79

Mean Number per Trawl Collection

Im
pi

ng
em

en
t (

Th
ou

sa
nd

s 
pe

r W
ee

k)

4020

Mar Apr May Jun Jul Aug Sep Oct NovFeb Dec
0

20

40

60

80

120

100 Blue Crabs
Impinged

1984 Observed
1985 Observed

1984/1985

Im
pi

ng
em

en
t (

Th
ou

sa
nd

s 
pe

r W
ee

k)

1985 Predicted

Number of
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in 1985 with predicted impingement based on river population abundance 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.  Plot of impingement vs. benthic trawl for white perch and hogchoker.  Trace indicates predicted value from 
regression analysis.

Figure 6.  Plot of weekly impingement vs. mean weekly trawl catch for blue crab.  Trace indicates 
predicted value from regression analysis. 
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EXECUTIVE SUMMARY 

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

measures that have the potential to reduce impingement mortality and entrainment (IM&E) at 

Mirant Mid-Atlantic, LLC’s (Mirant) Chalk Point Generating Station (Chalk Point).   

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

Point that are likely to reduce IM&E.  For consistency among all Mirant Alternative Intake 

Technology reports, technologies considered for entrainment reduction are considered as IM&E 

reduction alternatives because any entrainment reduction technologies would also further reduce 

impingement mortality. Technologies that would reduce IM only were not considered as the 

existing barrier nets have been determined by MDE to be the best technology available (BTA) 

for impingement. It is also recognized that under the Phase II Rule, Chalk Point would have been 

allowed credit for flow reductions as a result of use of closed-cycle cooling for Units 3 and 4 and 

discontinued use of auxiliary cooling water pumps to reduce thermal discharge temperatures of 

Units 1 and 2.  These reductions would have achieved an entrainment reduction sufficient to be 

within the 60% to 90% entrainment reduction performance standard.  However, due to the 

uncertainty of revised federal §316(b) requirements this analysis is provided to ensure timely 

compliance when revised federal and Maryland requirements are issued. 

This analysis provides estimates of biological performance and cost for the selected entrainment 

reduction alternative intake technologies.  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, pilot 

studies may be necessary 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:  

 Fine-mesh traveling water screens with fish protection features in the existing 

screenhouses could be used to reduce both IM&E.  Larval survival with fine-mesh 

traveling screens has been variable and species-specific.  If the survival of collected 

larvae is too low another IM&E reducing technology may be a better option.  With these 

screens in place the existing barrier nets would no longer be needed.  The estimated 

construction costs, including construction-related outages and removal of the nets, would 

be $5,155,000.   

 Expanding the intakes to reduce the screen approach velocity from 0.8 ft/sec to 0.5 ft/sec 

may result in some level of increased impingement survival of previously entrained 
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organisms; however, the cost to expand the intakes is expected to be orders of magnitude 

greater than the ecological benefit associated with this option and is not considered 

further.   

 Narrow-slot (0.5 mm) wedgewire screens could be installed at the head of the intake canal.   

These screens would not be compatible with the barrier nets which would be removed.  

Costs to install 0.5 mm wedgewire screens would be approximately $22,064,000, 

assuming no construction related outages.   

 Reducing the intake flow with the use of variable frequency drives (VFDs) at Chalk Point 

could be used to reduce entrainment.  Based on the existing flow reductions (elimination 

of the dilution pumps and closed-cycle cooling at Units 3 and 4), Mirant should not need 

to reduce further.  However, due to the uncertainty of revised federal §316(b) 

requirements this analysis is provided to ensure timely compliance when revised federal 

and Maryland requirements are issued.  The cost to install the VFDs would be 

$1,584,000.   
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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 recently decided that consideration of the 

environmental benefits relative to the costs is permitted within the structure of the Rule.  

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, 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 Chalk Point Generating Station (Chalk 

Point), located in Georges County, Maryland.  This evaluation provides an updated technology 

assessment for Chalk Point for use by the Maryland Department of the Environment (MDE) in 

the course of reaching a BPJ decision.   

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 impingement 

mortality and entrainment at Chalk Point 

 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 

Chalk Point is located in Georges County, Maryland on the western shore of the Patuxent River, 

24 miles upstream from the confluence with the Chesapeake Bay (Figure 2-1).  An aerial 

photograph of the plant is provided on Figure 2-2.  Chalk Point consists of two once-through 

cooled generating units, Units 1 and 2, two closed-cycle units (3 and 4) and seven combustion 

turbines.  The two once-through units are identical and rated for 355 MW each.  These units 

operate as baseload units.  The two closed-cycle units are each rated for 640 MW and are 

operated as cycling units.  The six combustion turbines have a combined rating of 522 MW and 

are used to provide black start capability and to meet peak demand.  The total generating 

capacity of Chalk Point is 2,512 MW.  The combined service and once-through circulating water 

flow for Units 1 and 2 is 1,124.7 cfs (504,800 gpm).  Make-up water for the two closed-cycle 

units is withdrawn from the once-through units discharge and does not increase the river water 

withdrawal.  A summary of pertinent plant information is provided in Table 2-1. 

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

the location, design and operation of the Chalk Point cooling water intake structure (CWIS) 

(EPRI 2007).  A summary of the information presented 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 

Circulating water for Units 1 &2 is withdrawn through an intake canal.  Two barrier nets are 

located at the entrance of the canal which excludes impingeable-size fish from entering the canal.  

Near the end of the canal are two identical CWISs, one for each unit.  A tempering pump 

structure, which was designed to temper the warmed cooling water, is located on the eastern 

shore of the canal.  A site plan showing the intake canal, barrier nets, CWISs and tempering 

pumps is provided on Figure 2-3.   

The intake canal is approximately 1,400 ft long with a bottom width ranging from 60 ft to 100 ft.  

A dredged channel extends about 200 ft into the river from the mouth of the canal.  The canal 

and channel were originally dredged to El. -16.5 ft (all elevations are based on the National 

Geodetic Vertical Datum (NGVD)).  There has been some minor siltation within the canal, but 

overall the bottom invert is still at approximately El. -16.5 ft. 

Two barrier nets, an outer net with coarse mesh (1.75 in. stretch mesh) and finer mesh (0.75 in. 

stretch mesh) inner net, are located at the mouth of the canal.  A single barrier net was originally 

installed July 1981 to minimize condenser blockage problems due to seasonal presence of blue 

crabs and to reduce impingement of fish and crabs on the traveling water screens.  This 

installation has undergone several modifications to increase biological efficacy that have resulted 

in the current system of two nets.  The current barrier net system was installed in 1985, is 

installed year-round, and has been shown to reduce impingement by 80% to 90% (Bailey 2005).   

The outer net is designed primarily to trap most of the debris and jellyfish entrained in the intake 

flow.  This net is 671 ft long, and divided into eight, 200 ft long by 25 ft high net panels.  The 

total length of the net panels is greater than the total net length to allow the panels to overlap.  
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Fifty-one piles, spaced every 12 to 13 ft apart, provide support.  Each pile extends approximately 

5 ft out of the water to allow the net to be suspended approximately 3 ft above the water.  To 

allow maintenance boats to enter between the nets there is a 20 ft wide gap in the piles.   

The inner barrier net is located approximately 100 ft behind the outer net.  The total length of the 

inner net is 533 ft, which is composed of eight, 150 long panels with a 60 ft overlap between 

panels.  Each net panel is 25 ft high and suspended from support piles similar to the outer net.  

Within the main channel a 4 ft deep and 380 ft long skirt is attached to the foot of the piles.  This 

skirt is designed to prevent gaps between the river bottom and the barrier net anchor chain.   

The nets are cleaned about 52 times a year.  During the spring and fall the nets are cleaned once 

a week.  From June 15
th

 to September 15
th

 the nets are cleaned twice a week.  In the winter when 

debris and biofouling are not a concern the nets are cleaned every other week.  Divers are needed 

during every cleaning.  During the fall and early winter,  when water temperatures dip to 50ºF, 

several net panels are left open to allow menhaden that entered the intake canal as smaller 

juveniles to leave the canal.   

Near the terminus of the intake canal and along the western shore are two CWISs, one for Unit 1 

and one for Unit 2, as shown in Figure 2-3.  The two CWISs are identical, each with four 

screenbays.  At the face of each bay is a trash rack and a curtain wall that extends down, to El .-

3.0 ft, the same elevation as the low low water level.  Downstream of these are traveling water 

screens.  A plan and section view of the screenhouse is provided on Figure 2-4 and Figure 2-5, 

respectively.   

The steel trash racks are 11.6 ft wide with an invert at El. -18.1 ft and top at El. -1.7 ft.  The trash 

rack bars are 4.0 in. by 0.5 in. with 3.0 in. clear spacing.  The trash racks are cleaned with a rail-

mounted trash rake.   

The traveling water screens are approximately 12 ft downstream from the top of the trash racks.  

The screens are through-flow screens, with 10 ft wide screen baskets.  These screens are fitted 

with 9.5 mm (3/8 in.) square mesh.  The screens are normally rotated 1.5 rotation cycles per day.  

This rotation schedule reduces biofouling by ensuring that no screen basket is continuously 

submerged.  The screens also auto-rotate when the pressure differential across them reaches 0.5 

psi.  Fish and debris impinged on the screens are removed by a high-pressure, front spraywash 

system and flushed into a return trough.  This trough discharges fish and debris to the discharge 

canal.   

Downstream of the traveling water screens are two circulating water pumps per unit.  Water for 

each pump is withdrawn through two screenbays.  The pumps are each rated for 278.5 cfs 

(125,000 gpm) providing a combined flow of approximately 557 cfs (250,000 gpm) per unit.   

On the eastern shore of the intake canal are three auxiliary tempering pumps.  These pumps were 

designed to dilute the warm water discharge, reducing the discharge temperature.  The designed 

combined flow of the three pumps is 557 cfs (250,000 gpm).  There are no screens in front of the 

pumps which results in impingeable-sized fish being entrained through the pumps when they are 

in use.  The State of Maryland conducted a study of mortality though the pumps and determined 
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that the mortality exceeds the environmental benefit from reducing the discharge temperature 

(Cadman and Holland, 1986).  As a result of this study, these pumps are no longer used.   

After passing through the condensers the warmed water is returned to the Patuxent River 

approximately 1.5 miles upstream of the mouth of the intake canal.  Make-up water for the 

closed-cycle units is withdrawn from a pumphouse located along the western shore of the 

discharge canal.   

2.2. Existing Hydraulic Conditions 

Chalk Point is located at the confluence of Swanson Creek and the Patuxent River, 

approximately 2 mile north of the Rt. 231 Bridge.  At this point the river is approximately 

0.75miles wide and tidally influenced.  There is no commercial navigation on this stretch of the 

river.  The mean low water level is El. -0.833 ft and with a low low water elevation at El. -3.0 ft.   

Velocities from the barrier nets to the intake bays were calculated at the mean low water level 

(El. -0.833 ft) and full-flow conditions (1,124.7 cfs). The velocities approaching each barrier net 

were estimated to be approximately 0.1 ft/sec.  Within the intake canal the velocity was 

estimated at 0.8 ft/sec, based on the original canal geometries.  Within the CWISs the velocity is 

0.7 ft/sec at the trash racks and increases to 0.8 ft/sec at the face to the traveling water screens.  

Through screen velocities were not calculated because the open area of the nets and screens are 

not known, however they would be approximately twice the approach velocity.   

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.  

Chalk Point incorporates both barrier nets and flow reductions that reduce IM&E as compared to 

a baseline facility.  The dual net system at the mouth of the intake canal acts as a physical barrier 

for most impingeable-sized organisms and as a behavioral barrier for smaller, yet motile 

organisms.  The nets are designed with a 0.1 ft/sec approach velocity which would have met the 

0.5 ft/sec compliance criteria in the previous Rule.  Regardless, these nets are expected to reduce 

IM 80% to 95% from baseline.  Two flow reduction methods are also used at Chalk Point.  The 

auxiliary tempering pumps are no longer used.  The decision to eliminate the use of these pumps 

was based on reducing the ecological impact of the facility.  Shutting off these pumps resulted in 

a 33% reduction in the total facility flow.  The second flow reduction method in use is the 

existing cooling towers.  These towers provide cooling for Units 3 and 4, the two largest units at 

Chalk Point.  If these units were designed as once-through units Alden expects that is would 

have more than doubled the total circulating water flow rate.  
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Table 2-1 Pertinent Project Data — Chalk Point Generating Station 

Location 

Georges County, Maryland 

Latitude: N 38
o
 32’ 37’’ 

Longitude: W 76
o 
40’ 49’’ 

Waterbody: Patuxent River 

Waterbody: Tidal river 

Estimated project intake flow 

Circulating water: 1,114 cfs (500,000 gpm) 

Spraywash water: 10.7 cfs (4,800 gpm) 

Total Flow: 1,124.7 cfs (504,800 gpm) 

Per unit: 562.4 cfs (252,400 gpm) 

Intake velocities 

Outer barrier net: 0.1 ft/sec (assumes bottom at El. -16.5 ft) 

Inner barrier net 0.1 ft/sec(assumes bottom at El. -16.5 ft) 

Intake canal: 0.8 ft/sec  

Trash racks: 0.7 ft/sec  

Traveling water screen: 0.8 ft/sec 

Water Level 

Elevations  

Mean low water: El. -0.833 ft 

Low low water: -3.0 ft 

Water depths: (intake canal) 

Mean low: approx 15.7 ft 

Low low: approx 13.5 ft 

Other info: all elevations are based on the National Geodetic Vertical Datum (NGVD)).   
Project Structures 

Intake canal 

Length: ~1,400 ft (200 ft of which is dredged in river) 

Bottom width: 60 ft to 100 ft 

Bottom invert: ~ -16.50 ft 

Side Slope: 2:1 

Silt: some siltation but generally not an issue 

Barrier Nets 

Outer: 

Location: face of intake canal 

Total length: 671 ft 

Mesh Size: 1.25 inch stretch  

Bottom Invert: -16.5 ft 

Net Panels: 

Number: 8 

Length: 200 ft 

Depth: 25 ft 

Manufacturer: American or Memphis Net 

Piles: 51 (extend 5 ft above the water) 

Pile spacing: 12 ft to 13 ft apart 

Other: one 20 ft gap in piles to allow boat access 
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Table 2-1 (Continued) 

Inner: 

Location: ~ 100 ft behind coarse mesh net 

Total length: 533 ft 

Mesh Size: 0.75 inch stretch  

Bottom Invert: El. -16.5 ft 

Net Panels: 

Number: 8 

Length: 150 ft  

Depth: 25 ft 

Panel overlap: 60 ft overlap 

Manufacturer: American or Memphis Net 

Top support: hung on hooks approximately 3 ft above high tide level 

Bottom anchors: heavy anchor chain 

Other supports: floats attached to the top 

Piles: 40 (extend 5 ft above the water) 

Pile spacing: 12 ft to 13 ft apart 

Bottom skirt: 

Location: bottom of inner net piles 

Height: 4 ft 

Length: 380 ft 

Mesh: 0.75 inch stretch 

Purpose: prevent gaps between river bottom and barrier chain 

Cleaning: once per year during the winter 

Cleaning Schedule: 

Summer: 2 times a week (June 15 to Sept 15) 

Spring and fall: 1 time a week 

Winter: once every 2 weeks 

Total cleanings: ~52 times a year 

Cleaning effort: divers needed for every cleaning 

Installation period: year round 

Replacement schedule: nets replaced every other year (Memphis net) 

Other: in November (50
o
F water temperature) the nets are left open to allow menhaden 

to leave the intake canal 

Intake structure: (Units 1&2 are identical) 

Type: shoreline intake 

Location: western shore of the intake canal near terminus 

Unit 1: northernmost at end of canal 

Unit 2: ~ 145 ft south of Unit 1 (centerline to centerline) 

Intake openings: 4 per intake 

Top deck: El. 11.0 ft 

Invert: El. -19.0 ft 

Invert of curtain wall: El. ~-3.0 ft 

Opening height: 15.125 ft 

Bay width: 11.2 ft 

Biofouling: mainly Bryozoans 

Biofouling control: chlorination when water temperatures increase above 55
o
F 
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Table 2-1 (Continued) 

Trash racks (Units 1 & 2) 

Location: face of CWIS 

Invert: El. -18.1 ft 

Top: El. -1.7 ft 

Width: 11.6 ft 

Height: 16.4 ft 

Bar size: 4 inch by 0.5 inches 

Bar Spacing: 3.5 inches center to center 

Clear spacing: 3 inches 

Bar coating: unknown, not maintained 

Cleaning: debris loaded into hopper for offsite disposal 

Traveling water screens (Units 1 & 2) 

Location: 46.9 ft upstream of the CW pumps 

Type: Link-belt Model 45A thru-flow 

Number: 8 (4 in each CWIS) 

Screen width: 10 ft 

Invert: El. -19.0 ft 

Top: El 11.0 ft 

Number of screen panels: 37 

Mesh size: 3/8in 

Rotation schedule: 1.5 rotation cycles per day 

Rotation speed:  

Low: 2.5 ft/min 

High: 10 ft/min 

Other: auto-rotate at a 0.5 psi differential across the screens 

Spray type: front wash 

Spraywash pumps: 2 per unit 

Spraywash pump location: between traveling water screen and circulating water pumps 

Spraywash volume: 1,200 gpm per spraywash pump 

Spray wash: high pressure (76 psi) 

Trough configuration: discharges into the discharge canal 

Circulating water pumps 

Number of pumps: 4 (2 per unit) 

Type of pumps: vertical, dry pit 

Inlet elevation: El. -14.5 ft 

Flow per pump: 278.5 cfs (125,000 gpm) 

Total flow per unit: 557 cfs (250,000 gpm)   

Cooling water discharge 

Type: Canal 

Location: ~1.5 miles north (upstream) of mouth of intake canal 

 



 

8 

Table 2-1 (Continued) 

Tempering Pumps 

Location: upstream of the CWISs on the eastern shore of the intake canal 

Number: 3 

Flow: 557 cfs (250,000 gpm) total 

Screens: no screens 

Other:  State ordered discontinued use of the pumps based on environmental impact.  

 

Power Generation 

Fuel Type:  

Units 1 & 2: coal 

Units 3 & 4: oil 

Combustion turbines: gas 

Plant output:  

Units 1: 355 MW (once-through) 

Unit 2: 355 MW (once through) 

Unit 3: 640 MW (closed-cycle) 

Unit 4: 640 MW (closed-cycle) 

Combustion turbine 1: 18 MW 

Combustion turbine 2: 30 MW 

Combustion turbine 3: 86 MW 

Combustion turbine 4: 86 MW 

Combustion turbine 5: 109 MW 

Combustion turbine 6: 109 MW 

SMECO combustion turbine: 84 MW 

Once through total: 710 MW 

Closed-cycle total: 1,280 MW 

Combustion turbines: 522 MW 

Plant design total: 2,512 MW 

Operating Mode:  

Units 1 & 2: baseloaded 

Unit 3 & 4: cycling 

Plant capacity factor (2004-2008)  

Unit 1: 70% 

Unit 2: 69% 
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Figure 2-1  Chalk Point Vicinity Map 
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Figure 2-2  Aerial Photograph or Chalk Point and Vicinity (Google 2008)
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Figure 2-3  Site Plan of Chalk Point (Google 2008)
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Figure 2-4  Chalk Point Unit 1 – Plan (Unit 2 is Identical)
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Figure 2-5  Chalk Point Units 1 and 2 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 

criteria will be used in evaluating technologies at Chalk Point.  Chalk Point withdraws water 

from the tidal portion of the Patuxent River; therefore, the facility is expected to be required to 

reduce both IM&E.     

The existing barrier nets already reduce IM by 80% to 95% from baseline and are considered 

BTA.  As this technology already meets the IM reduction requirements in the withdrawn Rule, 

Alden is only evaluating technologies that would reduce entrainment.  Any entrainment 

reduction technologies may also further reduce impingement mortality and/or require removal of 

the barrier net and are therefore referred to as IM&E reducing technologies.   

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 and other aquatic organisms.  The following 

criteria represent key aspects of any successful protection strategy and are not listed in order of 

priority. 

 Alternatives should be designed to reduce entrainment of fish and shellfish.  

 The primary period of protection is estimated to run from March through September for 

entrainment. 

 Alternatives take into consideration current station 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. 
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 Alternatives should meet worker and public safety requirements. 

 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 Chalk Point.  The 

technologies selected for further investigation are detailed in Attachment A and summarized in 

Section 4.0. 

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 Chalk Point 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 best professional judgment 

which is based on experience. 

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

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

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

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

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

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

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

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

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

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

installation are substantially less. 

The existing CWISs at Chalk Point have 0.38 inch (9.5 mm) square mesh traveling water 

screens.  Modifying the CWIS for installation of fine-mesh (0.5 mm mesh) 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 for coarse-mesh (9.5 mm) rotary-disk screens were collected at 

Mirant’s Potomac River facility.  This data is not sufficient to characterize the biological efficacy 

of rotary-disc screens; therefore, Alden used data for Ristroph traveling screens to represent the 

benefits associated with implementing a modified traveling screen option.   
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The Modular Inclined Screen (MIS) is a diversion technology that has a biological and 

engineering advantage over louvers, angled bar racks, and angled screens in preventing 

impingement.  The MIS, which is designed to use 2.0-mm slot wedgewire and operate at 

velocities up to 10 ft/sec, has the potential to effectively safely divert most species.  To function 

properly, a bypass flow of approximately 10% of the circulating water flow would be needed.  

Conveying this flow back to the river would require a large diameter pipe that would bisect the 

Chalk Point peninsula.  However, this pipe would also limit access to the fish rearing facility.  

This technology has not been tested with fish eggs and larvae and may provide limited 

environmental benefit compared to fine-mesh Ristroph screens.  For these reasons this 

technology has not been evaluated further.   

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 because they can exclude smaller organisms 

from intake water than conventional screens and bar racks.  For this reason, narrow-slot (0.5 

mm) screens have been included for further evaluation.  This alternative as previously evaluated 

and pilot studies were conducted at Chalk Point by the Maryland Department of Natural 

Resources Power Plant Research Program (PPRP) during the 1980’s. 

Aquatic filter barriers (AFB) could perform a similar function to other fine-mesh 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. Even with the cleaning system in 

place the material would be prone to bio-fouling due to the low velocities along with the porous 

nature of the material.  The flow approaching an AFB is currently limited to 10 gpm/ft
2
.  To 

achieve this velocity, Chalk Point would require over 50,000 ft
2
 of AFB.  Assuming a 10 ft 

average water depth including both the intake channel and surrounding shoals, the AFB would 

be nearly one mile long.  An AFB of this size has never been installed; and, based on the 

cleaning regime needed for the existing nets Alden questions the ability to maintain such a large 

deployment.  The AFB would have a large visual impact and would significantly reduce access 

to Swanson Creek.  Based on the required size of an AFB, the anticipated bio-fouling and debris 

issues, and the visual and recreational impacts an AFB option has not been considered further.   

The existing barrier nets at Chalk Point already reduce IM by 80% to 90%.  Reducing the mesh 

size of one of the nets to less than 6.4 mm (fine-mesh) could reduce entrainment.  Fine-mesh nets 

have been tested at several facilities and to date operation and maintenance issues have prevented 

any full-scale installations.  Without any successful installations fine-mesh nets are currently 

considered an experimental technology and are not available for reducing entrainment at this 

time.   
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3.3. Reduced Flow Alternative  

The existing operations at Chalk Point already represent a flow reduction due to the shutting 

down of the tempering pumps and use of closed-cycle cooling for Units 3 and 4.  These 

reductions would have achieved an entrainment reduction sufficient to be within the 60% to 90% 

entrainment reduction performance standard. Mirant may be able to further reduce the plant 

withdrawal by modifying the circulating water pumps to allow operation at variable speeds.  As a 

result, Alden has investigated the use of variable frequency drives (VFDs) to reduce the intake 

flow.   

3.4. Results of the Preliminary Screening 

Two alternative fish protection technologies and one reduced flow alternative are considered 

viable for reducing IM&E at Chalk Point.  The selected intake technologies are; fine-mesh (0.5 

mm) traveling water screens modified with fish protection features and narrow-slot (0.5 mm) 

cylindrical wedgewire screens.  The use of VFD’s was selected as the method for reducing flow 

and therefore IM&E.   

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 Chalk Point.   

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 4.0 and costs in Section 5.0.  
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Table 3-1  Commonly Impinged and Entrained Species at Chalk Point 

Family Scientific Name Common Name I/E/I&E 

Achiridae Trinectes maculatus hogchoker I 

Atherinopsidae Menidia spp.  silverside spp. I & E 

Clupeidae Alosa aestivalis blueback herring I 

Alosa pseudoharengus alewife I 

Brevoortia tyrannus Atlantic menhaden I 

Engraulidae Anchoa mitchilli bay anchovy I & E 

Gobiidae Gobiosoma bosc naked goby E 

Moronidae 

Percidae  

Morone americana white perch I & E 

Morone saxatilis striped bass E 

Perca flavescens yellow perch E 

Portunidae Callinectes sapidus blue crab I 

Sciaenidae Leiostomus xanthurus spot I 

 Micropogonias undulatus Atlantic croaker I 

 



 

 19 

Table 3-2  Initial Screening of Fish Protection Alternatives 

Concept 
Biological 

Effectiveness 

Proven 

Engineering 

Alternative 

Available 

Advantages 

Over Other 

Concepts 

Potential for 

Application at 

Chalk Point 

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 No Yes No 

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 (narrow-slot) 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 

Chalk Point 

Collection Systems     

     

Modified Traveling  Screens 

(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 No Yes Yes No 

Submerged Traveling Screens No Yes No No 

Modifications to Reduce Intake Flow    

     

Modified Pump Operation Yes Yes No No 

Variable Frequency Drives Yes Yes Yes Yes 
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4.0 TECHNOLOGIES WITH POTENTIAL TO REDUCE IMPINGEMENT 

MORTALITY AND ENTRAINMENT AT CHALK POINT 

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.  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. 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 

Chalk Point.  There are several types of screens available, including 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.  As these screens 

would reduce both IM&E, the barrier nets would no longer be needed 

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

however, increasing the screening area to reduce velocities enough to significantly increase 

impingent survival would require the construction of a new, larger screenhouse or a reduction in 

flow.  Based on the detailed engineering analysis of the site-specific conditions at Chalk Point, 

provided in Attachment A, Alden does not consider expanding the screening area to lower the 

intake velocity to 0.5 ft/sec practical.  Flow reductions are considered in Section 4.3.  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/sec 

approach velocities are not always evident.  Site-specific hydraulic, collection and transport 

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 conditions at 

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

velocities (0.8 ft/sec at design low water) to determine if acceptable survival can be achieved.   

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 dramatically reduce the survival of earlier lifestages (eggs and larvae).  The effective 

reduction in entrainment includes both the number of organisms prevented from being entrained 

and their survival.   
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The existing fish/debris return trough returns fish and debris to the discharge canal, which can 

result in thermal stress on the fish.  To reduce this stress a new return trough would be installed 

to safely transport fish and debris to the Patuxent River between the intake and discharge canals.  

The exact location would need to be carefully chosen to reduce the potential for re-impingement 

or entrainment into the thermal plume or the CWIS.   

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 Chalk Point is presented in Attachment C.  Based on the size of 

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

many of the commonly entrained species– greater than 90% for naked goby, striped bass, and 

yellow perch.  For the other commonly entrained species, entrainment reduction would be 

moderate: silverside spp. (57%), bay anchovy (53%), and white perch (39%).   

Survival rates with larval fish are anticipated to be moderate to low.  The estimated survival for 

the dominant larval species include: striped bass (40.4%); yellow perch (54.5%); silverside spp. 

(23.0%); and white perch (23.0%).  Bay anchovy and naked goby are fragile and survival is 

expected to be low – 7.0 and 5.0%, respectively.   

Estimates of total efficacy, which includes both the retention and survival components, for the 

numerically dominant larval species at Chalk Point exceeded 50% for yellow perch only.  Total 

efficacy of fine-mesh screens with the remaining dominant species ranged from 3.7% for bay 

anchovy to 39.9% for striped bass.\ 

With juvenile and adult fish, the post-impingement survival is expected to be moderate to high 

for most of the typically impinged species (>50%); the notable exceptions being the two Alosa 

spp. that are anticipated to have low survival (blueback herring 6.5% and alewife 8.1%).  

However, because the barrier net would still be deployed with this option any additional survival 

with impingeable-sized fish would be in addition to the already impingement reduction achieved 

currently. 

Conclusion 

Although the existing barrier net is BTA for impingement, installation of fine-mesh modified 

traveling screens in the existing intake are a viable alternative for reducing IM&E.  These 

screens are very similar to the existing screens at Chalk Point and are a proven technology; 

therefore, there are no existing engineering concerns that could prevent their use.  Based on data 

from other sites and laboratory testing, the survival of the early life stages of commonly 

entrained species is expected to be fairly low.  However, the survival of impinged larvae and 

other early life stages is very specific to species, lifestage, and the flow conditions at a site.  

Therefore, a pilot study at Chalk Point is recommended to more accurately determine the post-

collection survival rates of larval fish.  If the results of the pilot study show high survival levels 

for commonly-entrained species under the existing flow conditions, Mirant may be able to install 

fine-mesh screens in the existing CWIS. 
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4.2. Narrow-slot (0.5 mm) Cylindrical Wedgewire Screens 

Narrow-slot cylindrical wedgewire screens could be installed at Chalk Point to reduce IM&E 

year-round.  Based on the Chalk Point design flow, sixty-six, T-60 wedgewire screens could be 

used to screen the circulating and service water flow.  These 60 in. diameter screens would be 

mounted to six, 7 ft diameter intake pipes anchored to the river bottom at the mouth of the intake 

canal.  These pipes would connect back to a bulkhead wall installed across the canal.  This 

design was chosen to maximize the sweeping current past the screens.  The existing barrier nets 

and support piles would no longer be needed and would need to be removed during the 

construction process.   

As these screens are continuously submerged Alden investigated the use of several screen 

materials to reduce the impacts of biofouling of the screen material.  Copper alloys, such as Z-

alloy, have been shown to reduce biofouling in Chesapeake Bay waters (Weisberg et al. 1986); 

other studies have shown that this alloy greatly reduced biofouling when compared to stainless 

steel (Wiersema et al. 1979).  However, Z-alloy or other copper-based antifouling screens were 

not chosen as the leaching of copper may violate Maryland water quality criteria of 6.1 ppb 

(COMAR 26.08.02.03-2).  The most effective means of biofouling control determined by 

Weisberg et al. in 1986 were organo-tin coatings; however, due to the toxic nature of these 

coatings, their use has been severely limited (OAPCA 1988) and organo-tin is banned for use in 

the Chesapeake.  Because no other screen materials are considered viable at Chalk Point, Alden 

selected a design using stainless steel screens. 

To fit the screen and intake pipes Alden has assumed that the river bottom in the deployment 

location would be excavated down to El. -21 ft.  To reduce the potential for siltation Alden has 

assumed a 10H:1V side slope for the dredged area and that the intake pipes would be anchored 

with driven piles to allow the deployment area to silt in considerably before impacting 

operations.  Boat barriers would be installed around the screen installation to prevent damage to 

the screen from recreational vessels.  This boat barrier would also reduce the amount of floating 

debris interacting with the screens, reducing O&M.  Construction of this alternative would take 2 

years and require Chalk Point to be shut down for approximately 1 month.  Timing this 

shutdown to occur during a regularly scheduled outage would reduce construction impacts on 

generation 

An air backwash system was included to remove any debris and organisms that might be 

impinged on the screens.  The compressors and other associated equipment would be located in 

two control buildings constructed on the new bulkhead wall.  The air backwash may also reduce 

the potential for biofouling of the screens.  Wiersema et al. 1979 reported that prior to the onset 

of bio-fouling the screen material became covered with a slime that aided in bio-fouling growth.  

Regular air backwashing of the screens should reduce the build-up of this slime, and therefore 

bio-fouling.  Even with the air backwash the screens would be susceptible to biofouling and 

debris issues.  To reduce this potential, semi-annual diver 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 new bulkhead to allow flow to bypass the 

screens in the event of heavy debris blockage of the screens.  The traveling water screens will 
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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 is also important because available data 

suggests 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 Chalk Point, 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 

entrained species at Chalk Point are presented in Attachment C.  In addition, this option was a 

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

Conclusion 

Narrow-slot (0.5 mm) wedgewire screens could be installed at Chalk Point.  These screens would 

be located at the mouth of the intake canal, and eliminate the need to use barrier nets.  Due to 

uncertainties with biofouling and cleaning and adequate sweeping flows, Alden recommends that 

Mirant conduct a pilot study to determine the viability of installing 0.5 mm cylindrical 

wedgewire screens at Chalk Point. 

4.3. Variable Frequency Drives (VFDs) 

Reducing flow by installing VFDs was considered at Chalk Point.  Use of this technology would 

be based on revised regulations with regards to baseline credits for closed-cycle cooling for Units 

3 and 4 and discontinued use of tempering pumps or in combination with fine-mesh screens.  

During the summer when entrainment is highest, water temperatures and generation demand are 

also peaking.  Reducing flow during this period would result in the need to de-rate the unit(s) 

and/or an increase in the discharge water temperature beyond the existing thermal discharge 

limits.  However, the flow can be reduced during the spring when water temperatures are lower 

or at night during periods of lower power demands without impacting system reliability or 

thermal limits.  If VFDs are to be considered further a detailed assessment of the circulating 

water system, generation, and turbine performance would be needed. 

Only minor modifications to the system would be required to install the VFDs.  The existing 

traveling water screen equipment would not require replacement or upgrade.  Operation and 

maintenance would not change for the screens and pump equipment.  
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Several issues must be addressed prior to installing VFDs to ensure reliable operation.  A 

minimum water pressure must be maintained in the existing condensers.  If the pumps operate 

too slowly, the maximum pressure may not be enough to keep the waterboxes full and may cause 

a vacuum in the top tubes of the condenser and outlet waterboxes.  At slow speeds, the existing 

circulating water pumps may experience uneven loading on the pump impellers causing 

excessive vibration.  The pump bearings and shaft may not be designed for these vibrations and 

could be damaged.  The pump motors would also be susceptible to overheating and other damage 

from running at speeds other than their design speeds and would need to be rated for inverted 

duty.    

During periods of low demand and/or intake water temperatures the VFDs could be used to 

better regulate the cooling water flow without affecting facility generation or the thermal 

discharge temperature limits.  When a unit is operating at a reduced demand, the circulating 

water pumps could be operated at a reduced flow.  When the unit is called to increase load, the 

pumps can be ramped-up to match the generation needed while maintaining thermal limits.  This 

option would be especially effective at night when generating demand is typically lowest and 

ichthyoplankton densities are greatest.  Reducing pump flows when the intake water 

temperatures are low could be accomplished without impacting generation, however, 

entrainment during these periods is typically very low.   

Conclusion 

Flow reduction could be used to reduce entrainment at Chalk Point.  Entrainment at Chalk Point 

is already reduced from the calculation baseline due to the abandonment of the tempering pumps 

and use of closed-cycle cooling for Units 3 and 4.  Additional flow reduction at certain times of 

the year may require reduction in generation to maintain turbine back-pressures.  General trends 

in load demand for Units 1 and 2 must be clearly understood to predict periods when running at 

reduced loads would not affect reliability of the plant to meet demands.   
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Table 4-1  Predicted Performance of the Evaluated Technology with the Commonly-

Entrained Larval Fish at Chalk Point 

    Fine-mesh screens   

Narrow-slot 

Wedgewire  

Variable 

Frequency 

Drives 

Taxa   Retention Survival 

Percent 

Reduction in 

Entrainment   

Percent 

Reduction in 

Entrainment *  

Percent 

Reduction in 

Entrainment 

naked goby  98.6 5.0 4.9  98.6  ** 

striped bass  98.7 40.4 39.9  98.7  ** 

yellow perch  99.5 54.5 54.2  99.5  ** 

silverside spp.  57.2 23.0 13.2  57.2  ** 

bay anchovy  53.3 7.0 3.7  53.3  ** 

white perch   39.0 23.0 9.0  39.0  ** 

* Estimate based on theoretical physical exclusion based on head capsule depths and sizes of organisms entrained at 

Chalk Point.  Because other factor impact the performance of wedgewire screens (e.g., local hydraulic conditions), 

this is likely a conservative estimate of overall performance. 

** Approximately commensurate with percent flow reduction.  However if periods of flow reduction are selected to 

coincide with periods of peak ichthyoplankton abundance, then biological benefit can be maximized. 
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Table 4-2  Predicted Performance of the Evaluated Technologies with the Commonly-

Impinged Juvenile and Adult Fish at Chalk Point 

                                                    

Fine-mesh 

Traveling 

Screens   

Narrow-slot 

Wedgewire 

Taxa   Survival   

Impingement 

Reduction 

hogchoker  94.2  100.0 

silverside spp.  85.7  100.0 

blueback herring  6.5  100.0 

alewife  8.1  100.0 

Atlantic menhaden  54.0  100.0 

bay anchovy  32.1  100.0 

white perch  83.6  100.0 

blue crab  96.7  100.0 

spot  89.5  100.0 

Atlantic croaker   76.1   100.0 
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5.0 COST ANALYSIS 

A summary of the 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).   

The capital costs, including lost generation during construction of 0.5 mm alternatives, ranges 

from $5,155,000 for new fine-mesh traveling water screens with fish protection features in the 

existing screen houses to $22,064,000 for 0.5 mm wedgewire screens.  Adding VFDs would cost 

approximately $1,584,000 to install.     

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

(2009 $) 

Replacement 

Power Cost 

During 

Construction 

(2009 $)
 1,2

 

Total 

Capital Cost                        

(2009 $) 

O&M Costs   

(2009 $)
1
 

Annual 

Energy 

(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 

the existing 

screenhouses 

$5,155,000 $0 $5,155,000 $814,000
4
 920  $734,000  $539,000  $1,273,000  

0.5 mm wedgewire 

screens 
$22,064,000 $0  $22,064,000  $556,000 621 $3,141,000  $281,000  $3,422,000  

Reduced flow using 

VFDs 
$1,584,000 $0  $1,584,000 $372,000

5
 0 $226,000  $97,000  $323,000  

Existing operations
6
 $0 $0  0 $275,000 79  $0  $0  $0  

1.  Assumed $70 per MWh for energy used by auxiliary equipment. 

2.  Assumed that one month per year of any required shutdown would coincide with a maintenance outage. 

3.  Annualized over 10 years with a 7% Discount rate 

4.  Includes effort required to maintain the barrier nets  

5.  Assumes flow can be reduced without impacting generation 

6.  Estimated by Alden. 
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A.1. Introduction 

Based on preliminary screening analysis presented in Section 4.0 of the main report, Alden 

Research Laboratories, Inc. (Alden) conducted detailed evaluations of two intake technologies 

and one flow reduction alternative for use at Chalk Point Generating Station (Chalk Point).  

These technologies are designed to reduce entrainment (E) but would also reduce impingement 

mortality (IM), and are therefore referred to as IM&E reduction technologies.  To be considered 

an available technology, the selected technologies had to have the potential to reduce IM&E, be 

feasible to implement and operate and have advantages over other technologies. As discussed in 

detail in Section 4.0 the two technologies that have potential to reduce IM&E are; 

 fine-mesh (0.5 mm) traveling screens;  

 narrow-slot (0.5 mm) cylindrical wedgewire screens; 

In addition to these technologies Alden evaluated installing variable frequency drives (VFD) to 

reduce the intake flow during high entrainment periods. 

Alden prepared conceptual designs for each of these alternatives as a basis for the engineering 

evaluation and cost estimation.  The following sections present, for each option, the factors that 

may influence the design and the technical considerations associated with the design, installation, 

operation, and maintenance.   

A.2. Impingement Mortality and Entrainment Reducing Options 

The following technologies have potential to meet requirements of revised federal and/or 

Maryland requirements (once revised federal requirements are issued) as detailed in the main 

document for both IM&E at Chalk Point.   

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

Fine-mesh modified traveling screens could be used to reduce both IM&E at Chalk Point.  

Traveling water screens with fine-mesh and 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, a fish return, and are rotated continuously.  Currently, there are 

several variations of modified 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.  Rotary-

disc screens, similar to what is currently installed at the Potomac Generating Station, are another 

screening technology that also provides the benefit of eliminating carryover (Figure A-1).  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 (Figure 

A-2).  For this evaluation, Alden has assumed that fine-mesh Ristroph screens would be 

installed; however, all of the screens types listed above are applicable at Chalk Point.    
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The new screens would have a mesh size of 0.5 mm.  This mesh would be more prone to debris 

loading than the existing 9.5 mm mesh screen due to the retention of finer debris; but, the smooth 

nature of fine-mesh materials tends to increase the cleaning efficiency of the spraywash system 

by reducing the potential for stapling of long filamentous debris.  Leaving the existing barrier 

nets in place will reduce the debris loading on the screens.  Continuous rotation of the screens 

would limit the period of debris accumulation, mitigating any increase in headloss as a result of 

debris retention and improve post-collection survival.  During a pilot study of a 0.5 mm fine-

mesh screen at Tampa Electric’s Big Bend Station, the prototype fine-mesh screen operated 

successfully during periods of heavy jellyfish and detrital concentrations (Mussalli 1978).  Since 

completion of the pilot study, fine-mesh screens have been installed and operated successfully at 

Big Bend.   

Each screen basket would have a fish bucket that would hold collected organisms in about 2 in. 

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

be used to gently remove the fish from the fish holding buckets into a fish and debris trough.  A 

conventional high-pressure wash would be used to remove any residual debris.   

The velocity approaching the existing traveling water screens is approximately 0.8 ft/sec.  Post-

collection survival of early lifestages of fish (eggs and larvae) at this velocity may not be 

adequate to meet the IM&E standards in the withdrawn Phase II Rule.  Therefore, Alden has 

investigated the construction of a new intake that reduces approach velocity to 0.5 ft/sec.  To 

achieve this velocity the new screenhouse would be approximately 160 ft long with nine, 14 ft 

wide traveling water screens and a floor at El. -19.0 ft.  Due to the layout of the Chalk Point 

CWIS any new screenhouse would need to be installed across the face of or along the east side of 

the intake canal.  The two proposed layout are shown on Figure A-3. 

Construction of a new screenhouse at the face of the canal would require a large cofferdam to be 

constructed and dewatering of the intake canal, requiring Chalk Point to be shutdown during 

construction.  Based on Alden’s experience in designing new screenhouses, this shutdown is 

expected to last at least one year. Shutting down Units 1 and 2 for 2 years would result in Mirant 

needing to purchase 4,323,000 MWh of power.  Units 3 and 4 may also need to be shutdown as 

make-up water for the cooling towers is provided from the Units 1 & 2 discharge canal.   

Locating the new screenhouse along the side of the canal was also evaluated.  Due to site 

constraints the only space available for the new screenhouse would be along the eastern bank of 

the canal.  As this is the opposite side of the canal from the powerhouse new circulating water 

pumps and pipes would be needed.  Depending on the size of the new pumps, up to four 8 ft 

diameter pipes would be used to convey the flow to the existing intake pipes. Alden expects that 

these pipes would be elevated above the ground to reduce impacts to other plant systems.  

Construction of this intake would reduce the required shutdown to several weeks, but would 

require a complicated construction with high costs.   

Reducing the screen approach velocity from 0.8 ft/sec to 0.5 ft/sec may not significantly increase 

survival of early lifestages.  Based on the anticipated costs as compared to the potential benefit, 
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Alden does not consider expanding the screen area feasible at Chalk Point.  However, modified 

traveling water screens with 0.5 mm mesh could be installed in the existing screenhouses.  This 

alternative is detailed in the next section.   

 

A.2.2. Fine-mesh (0.5 mm) Modified Traveling Water Screens in the Existing 

Screenhouses 

Fine-mesh traveling screens with fish protection features could be installed in the existing 

screenhouses.  The average screen approach velocity at each unit is about 0.8 ft/sec at the mean 

low water level (-0.833 ft).  At this velocity the total survival off the screens and back to the river 

is expected to be very similar to what would be expected if the velocity was reduced to 0.5 ft/sec.  

Each new fish protection screen would have 10.0 ft wide baskets with fine-mesh (0.5 mm).  

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 which returns fish to the 

discharge canal would replaced.  The new fish and debris return pipe would run from the 

screenhouse to the Patuxent River between the discharge canal and the mouth of Swanson Creek 

as shown on Figure A-4.   

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 could be done 

during a previously scheduled maintenance outage to reduce any impact to plant operations.  

Construction of the new fish and debris return system should be completed prior to installation of 

the screens.   

Annual operating and maintenance for the new screens would require about 2,902 man hours and 

1,459 MWh for continuous operation of the screens and screen wash pumps.  Continuous 

rotation of the screens would result in accelerated wear and tear on the screen equipment.  To 

account for this, Alden has assumed that the screens would be overhauled every 5 years.  

However, site-specific conditions at Chalk Point would dictate the actual replacement schedule. 

Once the new screens and fish return are in place and operational the existing barrier nets would 

no longer be needed and could be removed.    

A.2.3. Narrow-Slot (0.5 mm) Cylindrical Wedgewire Screens 

Alden evaluated narrow slot (0.5 mm) cylindrical wedgewire screens to reduce fish entrainment 

and impingement at Chalk Point.  Cylindrical wedgewire screens are an exclusion technology 

that can be mounted to either intake pipes or directly on a bulkhead wall.  These screens range 

from 1 to 10 ft in diameter and have two screen sections, mounted to a center “T” section.  A 

plan of a typical T-60 (60 in. diameter) cylindrical wedgewire screen is shown on Figure A-5.  

Maintaining cylindrical wedgewire screens in a clean condition is typically accomplished using 

an air-backwash system, which requires a sweeping current for maximum effectiveness. 

However, recent innovations allow some cylindrical wedgewire screens, slot size dependant, to 

be installed in locations without sweeping currents.   
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As bio-fouling is a concern at Chalk Point, Alden investigated the use of several screen materials 

known to retard bio-fouling.  The most relevant study is a 1983, bio-fouling study conducted at 

the Chalk Point and at the Chesapeake Biological Lab at Solomon, MD (Weisberg et al. 1986).  

This study evaluated three approaches to prevent bio-fouling on wedgewire screens: a copper-

nickel alloy, organotin coatings, and an air backwash system.  In 1983 the main bio-fouling 

organisms at Chalk Point were bryozoans, hydroids, and tube building amphipods.  At the lab in 

Solomon, bio-fouling consisted of mainly bryozoans, polychaetes, and anemones.  Alden expects 

that a very similar assemblage of the species tested is still present at Chalk Point.   

For all of the tests, bio-fouling occurred primarily from May to September (Weisberg et al. 

1986).  Bio-fouling on the copper-nickel screens was similar to that of stainless steel; however, 

the fouling biota was less firmly attached than on the stainless steel screens.  The screens that 

were coated with an organotin compound had significantly less bio-fouling than the uncoated 

panels.   

Based on these studies, an organotin coating would be the best bio-fouling control agent; 

unfortunately, the use of this family of chemicals is very detrimental to the surrounding 

ecosystem.  Consequently, the use of these chemical coatings is severely restricted by the 

Organotin Antifouling Paint Control Act of 1988 (OAPCA 1988) and is currently banned from 

use in the Chesapeake Bay.  As a result, the use of organotin to control biofouling in not 

considered applicable at Chalk Point.   

Because organotin coatings are not considered a viable option for Chalk Point, Alden looked at a 

copper-nickel alloy (Z-alloy) for the screen material.  While the results from (Weisberg et al. 

1986) did not show any significant difference in the amount of bio-fouling between stainless 

steel and the copper-nickel alloy, copper alloys have been used extensively as antifouling 

coatings on ships and other marine applications.  Wiersema et al. (1979) investigated bio-fouling 

of wedgewire screens in Galveston Bay, TX and found that the copper alloys significantly 

reduced bio-fouling of the screens.  Copper alloy screens prevent bio-fouling by forming copper-

oxides at the water metal interface.  However, the release of copper oxides into the Chesapeake 

may be detrimental to local ecosystems. In addition, using copper-alloy screens may violate 

Maryland water quality criteria of 6.1 ppb (COMAR 26.08.02.03-2) for discharge water.  

Therefore, Type 316 stainless steel screens were selected for use at Chalk Point.   

To accommodate the total plant flow at Chalk Point (1,124.7 cfs) Alden estimated that 66 T-

screens, (60 in.) in diameter would be needed.  This T-60 screen size was selected based on an 

estimated water depth of 10 ft during low low water level (El. -3.0 ft) in the dredged intake 

channel.  This water depth is based on a conservative estimation of siltation and the depth of the 

surrounding shoals.  If the low low water depth in the proposed location is greater than 10 ft then 

fewer, larger screens could be used.   

Each T-60 screen would be 5 ft in diameter and T-shaped, with an overall length of about 16.6 ft.  

Two screen sections, each about 5.8 ft long, would be located on either side of a 5 ft long “T” 

section.  The outlet pipe would be 3.5 ft in diameter and located in the middle of the “T” section.   
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Based on the number and size of the screens, they would need to be installed on pipes near the 

mouth of intake canal, within the dredged intake channel.  This location was selected to try to 

maximize exposure to ambient currents near the screens.  The 66 screens would be laid out in six 

rows, each with eleven screens mounted to a single 7 ft diameter intake pipe.  These pipes would 

run back to a bulkhead wall spanning the face of the intake canal.  This array would be 

approximately 122 ft wide and extend 165 ft into the river.  A plan of the narrow-slot wedgewire 

option is shown on Figure A-6.  To fit the screen and intake pipes Alden has assumed that the 

river bottom in the deployment location would be excavated down to El. -21 ft.  The bottom of 

the screens will be located at El.-11 ft, providing 3 ft of submergence during low low water 

levels as shown on Figure A-7.  To reduce the potential for siltation Alden has assumed a 

10H:1V side slope for the dredged area and that the intake pipes would be anchored with driven 

piles to allow the deployment area to silt in considerably before impacting operations.   

To prevent boats from impacting the screens or being damaged during air backwashing an 

exclusion zone would be maintained around the screens.  This exclusion zone would be framed 

by using a floating boat barrier supported by several of the existing outer net piles.  This barrier 

will also act as a floating curtain wall to reduce the amount of floating debris that could become 

impinged on the screens.   

During the wedgewire testing at Chalk Point (Weisberg et al. 1986), the effects of an air 

backwash on biofouling were also investigated.  In this study the screens were backwashed every 

hour.  This backwash schedule prevented organisms from attaching to the screens, preventing 

biofouling.  However, other studies have shown that an air backwash is not effective at 

preventing biofouling (EHA 1981).  This difference in results however, can be accounted for by 

the frequency of operation of the air backwash, which was once per day.  Based on the Weisberg 

findings at Chalk Point, Alden has included an air backwash system to clean the screens.  To 

increase the effectiveness of the air backwash system Alden has assumed that the screens would 

be cleaned on average four times a day.  The actual air backwash timing would have to be 

determined after the screens are in place.  To account for uncertainty in the backwashing 

schedule the air backwash system is designed to recharge in 15 minutes allowing each screen to 

be cleaned every 2.75 hours if needed. 

The air compressor and controls would be located in two new, pre-fabricated structure located on 

the work deck, constructed along the top of the new bulkhead wall.  The shallow water depths 

near the deployment location would make the screens susceptible to damage from ice floes or 

large debris.  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).  

To ensure that fouling of the screens would not impact plant operations emergency bypass gates 

have been included in the design of the bulkhead wall to allow the screens to be bypassed if 

needed.   

For the air backwash to function correctly there should be a sweeping current capable of moving 

fish and debris past the screens.  The sweeping velocity at the screens would be similar to the 

river and tidal currents in Swanson Creek.  The magnitude of these currents is not known but 

Alden expects that under some portion of the tidal cycle the currents would be sufficient to 

transport fish and debris past the screens.  Prior to installation, the actual flow conditions would 
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need to be investigated.  If the currents are not sufficient, then the air backwash cleaning system 

would not be effective, limiting the feasibility of 0.5 mm slot wedgewire screens.   

Construction of the narrow slot wedge-wire alternative would be conducted in three phases to 

reduce the impact of construction related activities on generation at Chalk Point.  During the first 

stage of construction, the area in front of the intake canal would be dredged and half the 

bulkhead wall and work deck installed.  The existing barrier nets and some of the support piles 

would need to be removed to allow barge access to the work sites.  Several of the out net piles 

will be left in place to help support the floating boat barrier.  To prevent silt from damaging the 

circulating water system, a silt barrier would need to be installed around the active dredging area.  

During the second phase the other half of the bulkhead wall and work deck would be installed.  

This construction schedule would allow Chalk Point to operated throughout the construction 

period.  Once the bulkhead is complete the emergency bypass gates and pipe pass-throughs 

would be left open to allow Chalk Point to operate for most of phase 3.  In the third phase the 

pipe support piles, intake pipes, wedgewire screens and air backwash system would be installed.  

The air backwash system would be installed prior to installing the screens to allow the screen to 

be air backwashed immediately after installation.  This stage of construction would require Chalk 

Point to be shut down for approximately 1 month, during the final screen tie-in.  In total Chalk 

Point would need to be shut down for approximately 1 month, by sequencing the shutdown to 

coincide with previously planned outages no additional loss on generation is expected.    

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 four times a day, 

approximately 542 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.  Bi-

annual inspection by divers would be necessary to identify any damage, biofouling, or debris 

build-up that could affect facility operations and to verify effective cleaning by the air backwash 

system.  Each diver inspection would take about 1 week.  To prevent operational issues if the 

new screens need to be bypassed the existing traveling water screens should remain in place and 

operational.  The barrier nets which were removed during construction would no longer be 

needed. 

Exclusion of larvae can be estimated using head capsule depth.  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.2.4. Reduce Flow Using Variable Frequency Drives (VFDs) 

The combination of the retirement of the tempering pumps and Units 3 and 4 having closed-

cycle cooling results in greater than a 60% flow reduction from the maximum cooling flow.  

However, there may be opportunities to further reduce flow through use of variable frequency 

drives (VFDs) during periods of lower generation demand such as during the spring or nighttime.  

Because Chalk Point Units 1 and 2 are base-loaded, use of reduced flow during other periods is 

somewhat limited.  Flow reductions beyond what are detailed in this section are not expected to 

be feasible at Chalk Point as they would result in a generation losses.   
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Alden has evaluated installing VFDs on both circulating water pumps per unit.  Installing one 

VFD per unit is not recommended as operating parallel pumps at different speeds and flow rates 

would result in unbalanced pump operation.  Operating in this manner could damage the pumps 

and motors.   

A thorough engineering review of the existing circulating water pumps, condensers and valves is 

needed to determine the maximum possible flow reduction.  The flow reduction as a result of 

VFDs would be most effective at reducing flow during the evening and night when power 

demand is lower.  If this option is used in conjunction with new fine-mesh traveling screens in 

the existing screenhouses, the impingement survival of early life stages organisms may increase 

as a result of reduced intake velocities.  This option will not impact the mortality as a result of 

collection and transport of the organisms.   

One constraint on the amount of flow that can be reduced is that a minimum water pressure must 

be maintained in the existing condensers.  If the pumps operate too slowly, the maximum 

pressure may not be enough to keep the waterbox full and may cause a vacuum in the top tubes 

of the condenser and the top of the outlet waterbox.  If the condenser is not designed for the 

expected vacuum pressures, then a vacuum priming system may need to be installed on top of 

the condenser waterbox to flood the top of the box during start-up.  Alternatively, a valve may 

need to be installed on the condenser discharge to maintain a back-pressure on the condenser 

tubes and outlet waterbox.   

Another consideration is that the existing circulating water pumps may experience uneven 

loading on the pump impellers at slow speeds which may cause excessive vibrations and could 

be damaged.  The expected range of flow for an existing pump should be about 50% to 100% of 

capacity.  Operating the pumps at less than 50% capacity will likely require the pump to be 

refurbished or replaced with a design compatible with the expected operating conditions. 

Installation of VFDs would be accomplished over a two-month period with the efforts sequenced 

to complete one pump at a time.  Each VFD would require approximately two weeks for 

installation.  A truck-mounted crane would be required for the entire installation period.  Timing 

the VFD installation with pre-scheduled maintenance outages would allow the pumps to be 

upgraded without any additional losses in power.   Alden recommends that the existing pumps be 

inspected prior to installing VFDs.  If the pumps are not in good condition they may need 

rehabilitation or replacement.  Alden also recommends inspection of the existing pump motors as 

VFDs require motors rated for inverted duty.  If the existing motors are not rated for inverted 

duty then they would need to be replaced.  Alden assumed the existing vacuum priming systems 

would not need to be replaced.  The existing traveling water screen equipment would not require 

replacement or upgrade.   

Operation and maintenance of the circulating water pumps with the new variable frequency 

drives would be similar to operation and maintenance of the existing pumps.  The pump 

equipment would not require any additional power and would require the same level of 

manpower for maintenance.   
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The reduction in entrainment that could be achieved is difficult to assess a priori. The overall 

reduction would depend upon the periods during which the facility operates at reduced flow and 

the abundance of organisms present at that time.  Based on the most recent entrainment study 

(i.e. 1987 Study) entrainment occurred primarily from mid-May through mid-September and was 

significantly higher at night.   
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Figure A-1 Typical Rotary-Disc Screen – Section and Elevation  

(adapted from Geiger 2005) 
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Figure A-2 Typical Dual-flow Screen – Section and Elevation (Adapted from Bracket 

Green 2007) 
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Figure A-3 Proposed Locations for 0.5 mm Mesh Ristroph Screens in a New Screenhouse - Plan
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Figure A-4 New 0.5 mm Mesh Ristroph Screens in the Existing Screenbays - Plan
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Figure A-5 Typical T-60 Cylindrical wedgewire Screen
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Figure A-6 Cylindrical Wedgewire Screen, 0.5 mm Slot Width – Plan 
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Figure A-7 Cylindrical Wedgewire Screen, 0.5 mm Slot Width – 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 July 2009. 

 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-3.  The capital cost, including lost generation during construction for fine-mesh 

traveling water screens modified for fish protection in the existing screenhouse is $5,155,000.  

Cylindrical wedgewire screens with 0.5 mm-slots, the only other feasible entrainment reducing 

intake technology at Chalk Point, would cost $22,064,000.  The capital cost to reduce the 

circulating water flow with VFDs is $1,584,000.  

The annualized costs associated with each of the technologies are presented in Table B-4.  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 the 

Existing Screenhouse 

Item 
Estimated 

Cost 

Direct Costs  

Mobilization and Demobilization $341,000 

Spraywash System $91,000 

Fine-Mesh Ristroph Traveling Water Screens $2,641,000 

Fish and Debris Return System $604,000 

   

Direct Costs (2009 $) $3,749,000 

    

Indirect Costs $375,000 

    

Subtotal $4,124,000 

    

Allowance for Indeterminates/Contingencies $1,031,000 

    

Total Estimated Project Costs (2009 $) $5,155,000 

  

  

  

Impacts on Plant Operation 

Item Impact 

Construction  

Duration (months) 4 

Outage (months)  0 

    

    

Incremental Annual Operation and Maintenance   

Labor, (hrs) 274 

Component Replacement $464,000 

Energy (kwh) 920,000 

Peak Power (kw) 105 
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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 $1,459,000 

New Bulkhead Wall $1,798,000 

Boat Barrier $274,000 

Header Pipes $1,722,000 

Wedge Wire Screens $3,040,000 

Air Burst Cleaning System $868,000 

Cranes, Barges, and Equipment $6,885,000 

    

Direct Costs (2009 $) $16,046,000 

    

Indirect Costs 1,605,000 

    

Subtotal $17,651,000 

    

Allowance for Indeterminates/Contingencies 4,413,000 

    

Total Estimated Project Costs (2009 $) $22,064,000 

  

  

  

Impacts on Plant Operation 

Item Impact 

Construction  

Duration (months) 24 

Outage (months) 1 

    

    

Incremental Annual Operation and Maintenance   

Labor, (hrs) 865 

Component Replacement $371,000 

Energy (kwh) 542,000 

Peak Power (kw) 300 
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Table B-3  Estimated Costs to add VFDs to the Existing Circulating Water Pumps 

Item 
Estimated 

Cost 

Direct Costs  

Mobilization and Demobilization $105,000 

Equipment $975,019 

Crane $72,000 

   

Direct Costs (2009 $) $1,152,000 

    

Indirect Costs $115,000 

    

Subtotal $1,267,000 

    

Allowance for Indeterminates/Contingencies $317,000 

    

Total Estimated Project Costs (2009 $) $1,584,000 

  

  

  

Impacts on Plant Operation 

Item Impact 

Construction  

Duration (months) 1 

Outage (months) 0 

    

    

Incremental Annual Operation and Maintenance   

Labor, (hrs) 445 

Component Replacement $83,000 

Energy (MWh) 0 

Peak Power (Mw) 0 
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Table B-4  Cost Comparison of Evaluated Alternatives 

Alternative 

Capital Costs Annual O&M Costs 

Total Project 

Construction 

Costs (2009 $) 

Replacement 

Power During 

Construction 

(2009 $)
 1,2

 

Total Capital 

Costs 

(2009 $) 

Energy  

(2009 $)
1,3 

Labor 

(2009 $)
3
 

Component 

Replacement 

(2009 $)
3
 

Fine-mesh (0.5 mm) Modified 

Traveling Screens in Existing 

Screenbays 

$5,155,000 $0  $5,155,000 $64,000 $228,000
4
 $522,000

4
 

Narrow-slot (0.5 mm) Cylindrical 

Wedgewire Screens 
$22,064,000 0  $22,064,000 $9,000 $46,000 $461,000 

VFDs on the Existing Circulating 

Water Pumps 
$1,584,000 $0  $1,584,000 $6,000

5
 $136,000 $230,000 

Existing Operations
6
 $0 $0  0 $6,000 $121,000 $148,000 

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. Includes effort required to maintain the barrier nets 

5. Assumes flow can be reduced without impacting generation 

6. Estimated by Alden 

7. Annualized over 10 years with a 7% discount rate 
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Table B-4  Cost Comparison of Evaluated Alternatives (Continued) 

Alternative 

Annualized Costs Incremental Costs 

Total Annual 

O&M 

(2009 $) 

Annualized 

Capital Costs 

(2009 $)
7
 

Total 

Annualized 

Costs 

(2009 $)
 

Incremental 

O&M 

(2009 $) 

Incremental 

Annualized 

Costs  

(2009 $) 

Fine-mesh (0.5 mm) Modified 

Traveling Screens in  Existing 

Screenbays 

$814,000 $734,000  $1,548,000  $539,000  $1,273,000  

Narrow-slot (0.5 mm) Cylindrical 

Wedgewire Screens 
$556,000 $3,141,000  $3,697,000  $281,000  $3,422,000  

VFDs on the Existing Circulating 

Water Pumps 
$372,000 $226,000  $598,000  $97,000 $323,000  

Existing Operations
6
 $275,000 $0  $275,000  $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. Includes effort required to maintain the barrier nets 

5. Assumes flow can be reduced without impacting generation 

6. Estimated by Alden 

7. 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 and 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.  In many cases, a range of effectiveness values is 

available for a given species/lifestage and technology.  For each alternative, the available data 

were reviewed and a best estimate of potential effectiveness was derived.  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), the key factor is organism size in relation 

to the mesh size or slot width.  Exclusion of fish larvae 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 also influence 

its likelihood of being entrained.  In addition, the ratio of ambient velocity to through-mesh 

velocity and the swimming ability of the larvae will also impact the probability of entrainment.  

In the case of juvenile and adult fish, 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 (also known 

as retention) of the organisms, collection and transfer technologies handle the organisms during 

the transfer process back to the source waterbody.  This handling may impart additional stress, 

injuries, scale loss, or mortality to the organisms.  The second measurement of fine-mesh screen 

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 these impinged organisms is dependent upon their biology (lifestage, 

relative hardiness, etc.) and the screen operating characteristics (rotation speed, spraywash 

pressure, etc.). 

The following discussions describe how the efficacies of the alternative technologies were 

derived for the species and lifestages that are commonly impinged and entrained at Chalk Point.  

Summaries of performance, or biological efficacy, for the evaluated alternatives are presented in 

Table C-1. 
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C.2 Alternatives that Reduce Impingement and Entrainment  

C.2.1 Fine-mesh (0.5-mm) Modified Traveling Water Screens 

From a technological standpoint, fine-mesh (0.5-mm) modified traveling water screens would 

reduce the entrainment of the majority of fish and invertebrate lifestages found at Chalk Point 

through an increase in retention.  There have been few installations of 0.5-mm fine-mesh screens 

and retention is rarely measured.  As such, there are limited data upon which to estimate 

retention.  In the absence of empirical data, organism retention for early lifestages can be 

estimated using the morphometric dimensions of the species in question.  In more specific terms, 

the predicted retention that is achievable with a given screen mesh-size can be estimated using 

the head capsule depth of the organism (Black and Tuttle 2008).  Smith et al. (1968) found that 

the maximum cross-sectional diameter of an organism must be greater than the mesh diagonal 

length if it is to be fully retained.  Therefore, for a given cross-sectional diameter and associated 

standard deviation, the percentage retained is calculated by integration under a normal curve.  

Retention is a species-specific measure, as there is substantial variation in the morphometric 

characteristics between species.  Thus, species-specific estimates of head capsule depth were 

deemed the best approach to describe an organism’s potential to be retained.   

Larval fish are soft-bodied and can be compressed; consequently, the deepest non-compressible 

portion of the body (head capsule) was used to predict exclusion in this analysis.  In the case of 

fish eggs, diameters were substituted for head capsule depths.  In addition, eggs were assumed to 

have the ability to compress by 10% without rupturing.  Initially, regressions of body length to 

head capsule depth were developed based on morphometric measurements taken from previous 

work (PSEG 2002) or gleaned from scale-drawings of species commonly entrained at Chalk 

Point.  These regressions allowed species-specific HCDs to be calculated for larvae of any 

length.  The resulting regressions were applied to estimate head capsule depths for the sizes of 

fish entrained at Chalk Point and predicted exclusion rates were applied to length distribution of 

fish entrained at Chalk Point to get an overall retention estimate.  In some cases, no length data 

were available for entrained organisms.  In these cases, data from sampling in Patuxent River 

near Chalk Point were used (e.g., Kerr 2008).  No length data were available for two species – 

striped bass and yellow perch.  For these two species, larval lengths were assumed to be evenly 

distributed over the range of larval lengths reported in the literature.  Since retention is the 

inverse of entrainment, the retention probability can be derived by subtracting the entrainment 

rate from 100%.  The resulting retention estimates, by length and lifestage, are presented in 

Table C–3.  These data are also presented graphically in Figure C–1.  Estimates of retention rates 

(Table C-1) show values higher than 90% for yellow perch, striped bass, and naked goby.  

Silverside spp. and bay anchovy showed intermediate retention rates (57 and 53%, respectively).  

Only white perch showed retention less than 50% (39%).  This low retention rate for white perch 

larvae is a result of large numbers of larvae <5mm in length near Chalk Point (Kerr 2008). 

The survival of previously-entrained eggs, larvae, and early juveniles that would now be retained 

must also be considered.  Survival estimates in this analysis were derived from available data 

collected at other sites with modified traveling screens or from other evaluations (e.g., laboratory 

and pilot-scale studies).  Post-collection egg and larval survival data are limited and often based 

on only a few studies.  In such cases, data were expanded to include other members of the same 
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genus or family.  The underlying assumption is that closely related species would have similar 

morphology and hardiness.  If data were still unavailable, Alden used best professional judgment 

to select an appropriate surrogate species.  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 at Chalk Point (or nearby), total survival rates were 

estimated to be as follows: naked goby (5.0%); striped bass (40.4%); yellow perch (54.5%); 

silverside spp. (23.0%); bay anchovy (7.0%); and white perch (23.0%).  The total percent 

reduction in entrainment was used to represent fine-mesh (0.5-mm) performance (Table C-1), 

and was calculated as the product of the total retention and total survival rate for each species.  

The majority of species were estimated to range from low to moderate reductions in entrainment 

(0.0–54.2%).   

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 Chalk 

Point.  Survival estimates in this analysis were derived from available data collected at other sites 

with modified traveling screens or from 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).  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 mortality 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).  Consequently, the post-impingement 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. 

Fine-mesh (0.5-mm) screens would reduce entrainment at Chalk Point, but post-collection 

survival for early lifestages would likely be low for the larvae of several of the dominantly 

entrained species.  Because there are limited data available from fine-mesh screen installations 

and those data are species- and site-specific, there is considerable uncertainty surrounding the 

biological efficacy of fine-mesh traveling screens.  Pilot-scale studies are recommended to 

determine if acceptable levels of post-collection survival of eggs and larvae can be achieved. 

C.2.2 Narrow-slot (0.5-mm) Cylindrical Wedgewire Screens 

Narrow-slot wedgewire screens are exclusion devices that act as a passive barrier to reduce the 

entrainment of aquatic organisms 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, local flow conditions that include the though-slot velocity and ambient currents (also 

referred to as the channel or approach velocity) can affect screen performance.  Entrainment has 

been positively correlated with through-slot velocity and inversely related to ambient velocity 

(Hanson et al. 1978; Heuer and Tomljanovich 1978).  Furthermore, the interaction between these 

two velocity parameters 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).  This interaction was confirmed by laboratory studies (EPRI 2003) that 



5 

 

demonstrated an inverse relationship between the ratio of ambient velocity to slot velocity and 

both entrainment and impingement rates.  Wedgewire screen designs developed in this 

assessment use a maximum through-slot velocity of 0.5 ft/sec. 

The methods used to estimate the exclusion rates of larval fish with 0.5-mm wedgewire screens 

are identical to those outlined under the fine-mesh screen option (Section C.2.1).  The predicted 

exclusion rates for commonly entrained species are presented by length and lifestage in Table C–

5.  For four species (bay anchovy, naked goby, striped bass, and white perch), empirical data 

from previous studies using 0.5 mm wedgewire screens were available (EPRI 2003, 2005, 2006).  

In general the theoretical estimates tended to underestimate the performance of the wedgewire 

screens at the smaller length classes and overestimate the performance at larger length classes.  

Overall estimates of entrainment reduction, presented in Table C-1, show values higher than 

90% for yellow perch, striped bass, and naked goby.  Silverside spp. and bay anchovy showed 

intermediate retention rates (57 and 53%, respectively).  Only white perch showed retention less 

than 50% (39%).  However, physical exclusion is just one piece of the overall efficacy of the 

screens.  The low through-slot velocity coupled with the swimming ability of larval fish as they 

develop increases the efficacy.  The 0.5-ft/sec through-slot velocity would have met the Phase II 

316(b) Compliance Alternative 1 (CA1) for impingement mortality (IM) reduction.  In the case 

of juvenile and adult fish, this low through-slot velocity should allow healthy individuals to 

avoid contact with the screens and virtually eliminate impingement (Gulvas & Zeitoun 1979, 

Zeitoun et al. 1981).  Furthermore, the 0.5-mm slots should physically exclude all impingeable-

sized fish. 

While 0.5 wedgewire screens were not tested, a field evaluation of cylindrical wedgewire screens 

was conducted at Chalk Point Station from 1982 to 1983.  A modular barge testing facility was 

placed in the intake canal of the station.  The barge had two separate but identical intake ports on 

which were attached 0.76-m (30-in.) diameter cylindrical wedgewire test screens.  During 1982, 

the pumps withdrew approximately 0.1 m
3
/sec (4.5 cfs), while in 1983, after refurbishing, the 

pumps withdrew 0.2 m
3
/sec (7.1 cfs).  The intakes were positioned 1 m below the surface.  

Screens with slot sizes measuring 1.0, 2.0, and 3.0 mm (0.04, 0.06, and 0.12 in.) were evaluated, 

as well as an open port (control).  Average through-slot velocities for each of the screens 

together in 1982 and 1983 were 0.13 m/sec (0.43 ft/sec) and 0.20 m/sec (0.66 ft/sec), 

respectively.  Samples were collected at night using a 505-µm plankton net located at the 

discharge from each pump.  A total of 24 samples were collected during 1982, while a total of 88 

samples were collected during 1983.  Ambient ichthyoplankton samples were collected just 

upstream from the testing barge by towing a bongo net measuring 0.5 m (19.7 in.) in diameter 

with a 505-µm net mesh at the surface and at depths of 1 and 2 m (3.3 and 6.6 ft) (Weisberg et al. 

1987). 

The most abundantly collected fish were bay anchovy and naked goby.  For bay anchovy, the 

screens exerted no significant effect (i.e., exclusion) on eggs and larvae measuring ≤ 4mm (0.16 

in.).  Exclusion became apparent at the 5–7-mm (0.2–0.3 in.) length class in 1983, as nearly 

twice as many anchovy were entrained into the unprotected open intake than into any of the 

screens (for bay anchovy - 4.1/1,000 m
3
 in the open port vs. 0.0/1,000 m

3
 with the 1.0 and 2.0 

mm screens).  Exclusion increased in a direct relationship to fish length (Table C–6).  Although 

more fish were entrained through the larger slot sizes, the differences were not significant due 
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most likely to the small sample sizes tested.  Although there was a tenfold decrease in 

entrainment of naked goby measuring ≤ 4mm (0.16 in.) between the unprotected and 1-mm (0.04 

in.) screen in 1982, the difference was not statistically significant.  Exclusion by the 1-mm (0.04 

in.) screen became apparent at the 5–6 mm (0.2 in.) length in 1983.  Further, both years of 

sampling yielded a significant decrease in the entrainment of fish measuring 7–8 mm (0.3 in.) 

and larger.  The authors cite physical exclusion and hydrodynamic exclusion as the two principal 

modes by which wedgewire screens offer protection against entrainment (Weisberg et al. 1987). 

In conclusion, wedgewire screens should greatly reduce the entrainment of larval fish at Chalk 

Point. 

C.2.3 Flow Reduction through the use of Variable Frequency Drives 

While Chalk Point Units 1 and 2 are base-loaded, entrainment densities are higher at night when 

demand for power drops and some flow reduction may be possible.  Reduction in flow will 

reduce the number of organisms that are entrained.  Assuming that entrainable organisms are 

non-motile and fairly evenly distributed (physically and temporally), the reduction in 

entrainment should be commensurate with reduction in flow.  Targeting flow reduction to 

periods of peak ichthyoplankton abundance should result in greater reductions in entrainment.  

Because entrainment studies are now over 20 years old, new entrainment studies may be 

warranted to estimate the current entrainment benefit of this option.  The reduction in 

impingement that would be achieved is difficult to assess a priori.  While EPA indicated during 

the § 316(b) rulemaking that impingement reduction should also be commensurate with flow 

reduction, the existing literature on factors that affect impingement have not consistently or 

conclusively linked plant intake flow rates with impingement rates (e.g., Loar et al. 1978). 
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Table C-1  Predicted Performance of the Evaluated Technologies with the Commonly-

Entrained Larval Fish at Chalk Point 

    Fine-mesh screens   

Narrow-slot 

Wedgewire  

Variable 

Frequency 

Drives 

Taxa   Retention Survival 

Percent 

Reduction in 

Entrainment   

Percent 

Reduction in 

Entrainment *  

Percent 

Reduction in 

Entrainment 

naked goby  98.6 5.0 4.9  98.6  ** 

striped bass  98.7 40.4 39.9  98.7  ** 

yellow perch  99.5 54.5 54.2  99.5  ** 

silverside spp.  57.2 23.0 13.2  57.2  ** 

bay anchovy  53.3 7.0 3.7  53.3  ** 

white perch   39.0 23.0 9.0  39.0  ** 

* Estimate based on theoretical physical exclusion based on head capsule depths and sizes of organisms entrained at 

Chalk Point.  Because other factor impact the performance of wedgewire screens (e.g., local hydraulic conditions), 

this is likely a conservative estimate of overall performance. 

** Approximately commensurate with percent flow reduction.  However if periods of flow reduction are selected to 

coincide with periods of peak ichthyoplankton abundance, then biological benefit can be maximized. 
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Table C-2  Predicted Performance of the Evaluated Technologies with the Commonly-

Impinged Juvenile and Adult Fish at Chalk Point 

    

Fine-mesh 

Traveling 

Screens   

Narrow-slot 

Wedgewire 

Taxa   

Impingement 

Survival   

Impingement 

Reduction 

hogchoker  94.2  100.0 

silverside spp.  85.7  100.0 

blueback herring  6.5  100.0 

alewife  8.1  100.0 

Atlantic menhaden  54.0  100.0 

bay anchovy  32.1  100.0 

white perch  83.6  100.0 

blue crab  96.7  100.0 

spot  89.5  100.0 

Atlantic croaker   76.1   100.0 
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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 28 
b

0.5-mm EXCLUSION 100 25 91

LIFESTAGE EGG

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 28 
b

0.5-mm EXCLUSION 100 7 40 76 93 98

LIFESTAGE EGG

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 71 
c

0.5-mm EXCLUSION 90 0 6 91

LIFESTAGE EGG

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 28 
b

0.5-mm EXCLUSION 100 99 91 98

LIFESTAGE EGG

7 See Juvenile and Adult Table

Atlantic silverside
a LENGTH (mm)

23 See Juvenile and Adult Table

0 100

YSL PYSL Juvenile

Bay anchovy
LENGTH (mm)

0 100

YSL PYSL Juvenile

Striped Bass
Length (mm)

Naked goby
LENGTH (mm)

5 See Juvenile and Adult Table

100

YSL PYSL Juvenile

8 81 See Juvenile and Adult Table

100

YSL PYSL Juvenile

Table C–3  Predicted percent post-collection survival and exclusion (retention) of commonly entrained fish at Chalk Point 

with traveling water screens using 0.5-mm mesh by lifestage.  Larval lifestages are: yolk-sac larvae = YSL and  

post-yolk-sac larvae = PYSL. 
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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 71 
c

0.5-mm EXCLUSION 100 0 3 71 99

LIFESTAGE EGG

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 71 
c

0.5-mm EXCLUSION 100 92

LIFESTAGE EGG

Shaded cells  indicate fish lengths at which less than 100% exclusion and/or survival is expected/estimated

Shaded cells in the lifestage row are included to proved a visual break between stages
a
 Atlantic silverside used to represent Menidia  spp.

b
 Estimates taken from non-Sciaenid surrogates due to limited data

c
 Estimate taken from Sciaenid surrogates due to limited data

White perch
LENGTH (mm)

23 See Juvenile and Adult Table

100

YSL PYSL Juvenile

Yellow perch
Length (mm)

95 41 See Juvenile and Adult Table

100

YSL PYSL Juvenile

 

Table C–3  Continued 
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Table C–4  Estimated post-impingement percent survival (weighted mean) of juvenile and 

adult fish on modified traveling water screens, number of organisms (N) used to estimate 

survival, the range in reported survival, and the 95% confidence interval surrounding the 

weighted mean. 

Common Name Surrogate N Range 

Weighted 

Mean 

±95% CI 

Lower Upper 

Atlantic menhaden Not used 189 0.0 - 78.4 54.0 46.6 61.3 

bay anchovy Not used 21,435 0.0 - 93.8 32.1 31.5 32.8 

Atlantic croaker Not used 40,624 49.5 - 99.0 76.1 76.6 77.5 

alewife Not used 9,977 0.00 - 96.8 8.1 7.5 8.6 

blueback herring Not used 39,651 0.2 - 95.7 6.5 6.2 6.7 

white perch Not used 38,228 30.0 - 100.0 83.6 83.3 84.0 

silverside spp. Atlantic silverside 1,290 0.0 - 99.1 85.7 83.8 87.7 

hogchoker Not used 8,032 83.7 - 100.0 94.2 93.7 94.7 

spot Not used 922 84.1 - 100.0 89.5 87.4 91.5 

blue crab Not used 59,743 85.4 - 100.0 96.7 96.5 96.8 
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Table C–5  Estimated and observed exclusion of commonly entrained species at Chalk 

Point with 0.5 mm wedgewire screens.   

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

0.5-mm EXCLUSION 100 25 91

LIFESTAGE EGG

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

0.5-mm EXCLUSION 100 7 40 76 93 98

OBSERVED (EPRI 2005) 87

LIFESTAGE EGG

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

0.5-mm EXCLUSION 90 0 6 91

OBSERVED (EPRI 2006) 86

LIFESTAGE EGG

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

0.5-mm EXCLUSION 100 99 91 98

OBSERVED (EPRI 2003)

LIFESTAGE EGG

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

0.5-mm EXCLUSION 100 0 3 71 99

OBSERVED (EPRI 2005) 
b

LIFESTAGE EGG

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

0.5-mm EXCLUSION 100 92

LIFESTAGE EGG

Shaded cells  indicate fish lengths at which less than 100% exclusion and/or survival is expected/estimated

Shaded cells in the lifestage row are included to proved a visual break between stages
a
 Atlantic silverside used to represent Menidia  spp.

b
 Estimate for "temperate bass" - not identified to species

96 100

89

100

YSL PYSL Juvenile

PYSL Juvenile

Yellow perch
Length (mm)

YSL PYSL Juvenile

White perch
LENGTH (mm)

67

100

YSL

Striped Bass
Length (mm)

100

100

YSL PYSL Juvenile

70 87

0 100

YSL PYSL Juvenile

Naked goby
LENGTH (mm)

80 84 100

YSL PYSL Juvenile

Bay anchovy
LENGTH (mm)

Atlantic silverside
a LENGTH (mm)

0 100
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Table C–6  Mean Densities (Numbers/1,000 m3 of Water) of Bay Anchovies and Naked 

Gobies Collected in the Bongo Net from the Canal, Through Each Wedgewire Exclusion 

Screen, and Through an Open Port in 1982 and 1983 (Weisberg et al. 1987) 

Fish 
Class 
Size 
(mm) 

August 1982 July 1983 

Bongo 
Net 

Open 
Port 

Screen 
Bongo 

Net 
Open 
Port 

Screen 

2 mm 1 mm 3 mm 2 mm 1 mm 

Bay Anchovy 

Eggs 0.0 0.0 0.0 0.0 19,610 2,341 1,707 18,435 10,966 

≤ 4 2.0 0.0 0.0 0.0 60.0 9.6 13.6 21.0 9.2 

5 – 7 4.5 4.1 0.0 0.0 37.6 20.1 11.3 9.2 10.8 

8 - 10 6.2 1.6 1.5 0.0 11.2 7.7 2.6 1.6 1.0 

11 - 14 152.9 31.1 10.5 0.0 3.5 1.3 0.3 0.0 0.0 

≥ 15 2,469.4 57.3 15.0 1.5 9.3 3.3 0.5 0.4 0.0 

Naked Goby 

≤ 4 95.3 17.2 13.5 1.5 223.5 535.7 557.1 513.4 562.5 

5 – 6 117.6 22.9 19.5 6.0 514.8 148.7 87.6 81.6 66.5 

7 – 8 95.5 38.5 16.5 5.8 370.5 49.7 11.2 9.6 3.9 

≥ 9 342.3 201.5 64.6 35.8 243.7 49.1 7.8 4.4 1.9 

 

Figure C–1  Probability of larval entrainment through 0.5-mm mesh by species.  Estimates 

based on head capsule depth calculations. 

 

*
 Atlantic silverside chosen to represent Menidia spp.  
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