316(a) and (b) Evaluation Report

FirstEnergy Bay Shore Power Station

Under contract EP-C-05-046, Tetra Tech was tasked by EPA’s Office of Wastewater Management and EPA Region 5 to evaluate data and documentation submitted by FirstEnergy in support of Ohio EPA’s ongoing efforts to develop appropriate permit conditions that address Clean Water Act Section 316 (a) and (b) requirements for FirstEnergy’s Bay Shore Power Station (BSPS). 

Under Tasks 2-5, Tetra Tech was directed to review the facility’s Proposal for Information Collection (PIC), all impingement and entrainment sampling data and supporting documentation, and all data related to the thermal discharge. Upon completing this review, Tetra Tech would prepare a report of findings assessing the adequacy of the submitted data and any recommendations to Ohio EPA. This memorandum summarizes Tetra Tech’s efforts under these tasks in two main sections. Section I addressed all impingement and entrainment data and documentation while Section II addresses thermal mixing zone issues.

Section I: Impingement and Entrainment Data and Documentation

Tetra Tech has reviewed documents related to FirstEnergy’s impingement and entrainment (I&E) studies. The goals of this review were to determine if FirstEnergy’s estimates of impingement and entrainment are reasonable and appear to be representative and to provide comments that Ohio EPA may be able to use to identify a level of I&E reduction representative of best technology available (BTA) for the Bay Shore facility. Our determinations and recommendations are based upon our review of the following documents:
· Excerpts from Impingement and Entrainment Studies at the Bay Shore Power Station, Toledo Edison Company, 316(b) Program, Task II (“Historical Data excerpts,” Reutter et al., 1978)

· Proposal for Information Collection (“PIC,” FirstEnergy, undated)

· Checklist for Reviewing a Proposal for Information Collection (“PIC Checklist,” Marc A. Smith, 2/25/2005)
· Bay Shore Power Plant Fish Entrainment and Impingement Study Report (Study Report, D. Ager et al., 2007)

· Bay Shore Power Plant Cooling Water Intake Structure Information and I&E Sampling Data (“CWIS report,” D. Ager et al., 2008)

· Additional I&E Data and brief descriptions of long-term survival studies (“Additional Data,” author and date not specified).

The first document, the Historical Data excerpts provides information and data from an impingement and entrainment study conducted between 1976 and 1977. The remaining documents, collectively referred to as the “current study,” present information and data related to the most recent impingement and entrainment study, which was conducted between 2005 and 2006.

Tetra Tech’s review of these documents has identified several points that warrant discussion, which are presented below. Tetra Tech first evaluates the relevance of historical data to the current study, and then reviews the facility background information and impingement and entrainment portions of the study. 
Relevance of the Historical Study

FirstEnergy conducted an impingement and entrainment study in 1976. The current study compares current finding to the findings in the earlier report. However, as Marc Smith points out in his PIC Checklist (2/25/2005), there have been significant improvements in Lake Erie’s water quality since the mid-1970s, and the historical data are likely not representative of current conditions in the vicinity of the intake structure. We do not believe that the historical study should be used to draw conclusions about the impacts of the Bay Shore facility on fish.
Facility Background Information
A clear and comprehensive description of the facility and its setting, combined with an understanding of the cooling water intake structure design and operational parameters, provide the context necessary for evaluating an impingement and entrainment study. We find that the reports provided do not present a comprehensive discussion of this necessary background information, and, given that the information provided is dispersed among several different documents, it is not clearly presented.
Some significant information does not appear in any of the reviewed documents. None of the reviewed documents include a figure depicting the longitudinal extent of lake effects on the river, which would be helpful, given the importance of seiches to the local hydrology. Also, the “CWIS report” (Ager et al., 2008) shows a plan and lateral views of the intake screens, but does not include a site plan showing the dimensions of the intake canal, the location of the intake screens along the canal, or the configuration of the fish return system. Moreover, there is no discussion regarding whether the screens travel continuously, on a pre-determined schedule, or when pressure differentials exceed a limit.
The reviewed documents do not describe the mechanisms for removing impinged fish and returning them to the Maumee Bay. While each document mentions that collected fish and debris are sprayed and washed in a sluiceway that discharges to Maumee Bay, the screen wash pressure or design parameters of the fish return sluiceway are not discussed. Elements impacting survival of impinged fish include the frequency at which fish are removed from the traveling screens, the screen wash pressure, the dimensions and construction of the sluiceway, and the elevation at which fish are discharged into the receiving waters relative to the water elevation. A clear discussion of these aspects of the fish return system is necessary for understanding potential mechanisms for minimizing impingement impacts.

Impingement & Impingement Survival

The only documents to address the current impingement study design and methods are the PIC (FirstEnergy, undated) and the PIC Checklist (Smith, 2/25/2005). The “CWIS report” (Ager, 2008) presents and discusses the results of the impingement study, but does not describe the methods. The “Additional Data” document (author and date not specified) contains a one-page discussion of long-term survival studies results, but not the methods used to collect and analyze impinged fish and latent mortality. The “Study Report” (Ager et al., 2007) presents data in tables—in  some cases, these tables allow the reader to make assumptions about the methods used—but this document does not contain any text. Therefore, only the methods proposed in the PIC and critiqued in the PIC Checklist are available for this evaluation; it is not clear what methods the study ultimately used.
The available methods do not address some important elements of an impingement study. There appears to be no discussion of diel variability (with respect to impingement) in any of the documents, nor do any of the documents specify where fish or environmental samples were obtained. The PIC states that fish samples would be collected at the sluiceway grate. Figure 2 in the PIC shows the grate at about three to four feet from the intake screens, but does not describe where it is located relative to the fish return system.
The PIC does not specify when subsampling would be required or how it would be accomplished. Based on available information, it appears that subsamples were obtained by varying sample duration. Because subsampling can significantly impact the uncertainty associated with the final estimates, it is important to understand the criteria that dictated how subsamples were selected. 
After emphasizing the importance of assessing pre-impingement mortality, neither the PIC nor any of the other documents discuss how fish will be categorized as ‘fresh’ dead versus ‘long-dead.’ The Study Report presents numbers of fish in each category in Appendix 9, but gives no indication of how the assessment was made. The methods used to categorize impinged fish are critical to potential conclusions regarding impacts related to impingement. Without such information, it is not possible to fully evaluate the impingement mortality data.
Neither the Study Report nor the Additional Data report describe methods for long-term impingement survivability studies. The PIC indicated that fish would be released in front of the traveling screens and sampled at the discharge point, but also states that sampling in the discharge might be difficult. None of the later documents indicate where or how fish were collected for these studies. The only discussion of fish collection refers to the sluice grate, which may be too far from the fish return to adequately reflect the totality of stresses experienced by impinged fish. The PIC also does not indicate how fish would be obtained for release, what species would be used, how they would be acclimated to local conditions, or how they would represent the impinged fish community. Again, without additional information, the impingement survival data cannot be fully evaluated.
The Study Report appears to present all relevant data for calculating annual impingement in its tables and appendices. However, it does not include sampling times or other data that would allow an analysis of diel variability. It also does not include a direct comparison of holding tank conditions (for the impingement survival study) to corresponding environmental conditions that would allow an assessment of the comparability of the holding tanks to conditions in which the fish otherwise would have been discharged.

Text in the Additional Data report describes the method for converting each day’s numeric count into a 24-hour adjusted count (based on sample duration and the number of active screens). However, FirstEnergy’s wording is confusing. At a minimum, we recommend revising the equation for calculating monthly impingement as shown below:
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Annual impingement equaled the sum of all monthly impingement estimates except for months that were sampled during both 2005 and 2006 (May, October, November, and December). The estimates for these months were averaged prior to summing with the months sampled once. Fifty five species and/or species groups were observed in impingement samples collected during the 2005/2006 sampling period.  Annual estimates of impingement values ranged from more than 24 million for emerald shiner to less than 100 rainbow trout, for a total impingement of more than 46 million individuals per year. (Alternatively, a simple annual average based on 15 months of sampling data yields an annual impingement estimate of approximately 52 million fish).  Table 1 highlights the most commonly impinged fish at this facility (those fish impinged in numbers greater than 50,000 per year). 

Table 1. Summary of annual estimates of impingement of fish at the Bay Shore Power Plant based on May 2005 to December 2006 sampling.  Only species with impingement values in excess of 50,000 were included.
	Species
	Annual estimate of impingement

	emerald shiner
	24,080,877

	gizzard shad
	14,313,113

	white perch
	4,769,163

	white bass
	1,593,199

	spottail shiner
	313,326

	freshwater drum
	225,706

	trout-perch
	159,379

	yellow perch
	123,405

	round goby
	93,918

	walleye
	77,812

	channel catfish
	77,469

	logperch
	51,547


Additional discussion of impingement losses in terms of source populations in the vicinity of the Bay Shore facility would be helpful in evaluating potential impacts. Of particular interest would be additional discussions of species such as yellow perch, walleye, and emerald shiner (an important forage fish).
Entrainment & Entrainment Survival

The only documents to address entrainment study design and methods are the PIC and the PIC Checklist. Some additional information can be extracted from the tables in the Additional Data report. The lack of written methods raises a number of questions regarding the appropriateness of sampling locations and techniques. Moreover, the correlation between the ichthyoplankton sampled and ichthyoplankton actually entrained is not clear. The intake pumps draw water from a depth of approximately 12 feet (4 meters). The Historical Data excerpts (Reutter et al., 1978) indicate that the intake channel varies from 5 to 7 meters in depth and is about 250 feet (76 m) wide. Ichthyoplankton typically demonstrate significant vertical, horizontal, and temporal variability, and so the location of the sampling pump system (in three dimensions) is important. Based on the information provided, it is unclear how the study accounted for spatial variability.

The Study Report appears to present all relevant data to support calculations of annual estimates in its tables and appendices. The calculations for monthly entrainment appear analogous to the impingement study. Annual estimates equal the sum of monthly estimates for the months sampled. No sampling occurred between mid-September 2005 and mid-March 2006, and the annual estimate assumes zero entrainment during that time. As with the impingement study, months sampled twice (March 05/06) are averaged prior to adding the monthly totals.
At least 26 different species of larval and 11 species of juvenile fish were entrained at the Bay Shore Power Plant during the 2005/2006 sampling period.  Annual estimates indicate that 2,247,249,020 larval and 13,824,022 juvenile fish were entrained during the sampling period.  Table 2 focuses on those fish with larval entrainment densities in excess of one million individuals.  Reported annual larval entrainment ranged from nearly a billion freshwater drum (977 million) to 20,814 lake whitefish (designated as a species of special concern by the Ohio Department of Natural Resources).  For those species with larval entrainment values in excess of one million individuals (see Table 2), FirstEnergy estimated that the entrained larvae comprise between 9.6% and 12.3% of the source population.

As expected, the level of entrainment of juvenile fish was lower than that of larval fish.  It was estimated that 13,824,022 juvenile fish were entrained during the sampling period.  This ranged from a high of 4,365,674 rainbow smelt/Clupeidae to 17,405 Notropis spp. (Table 2). No estimates were provided for juvenile population losses.

Table 2.  Summary of annual estimates of entrainment of larval and juvenile fish at the Bay Shore Power Plant based on 2005/2006 sampling.  Only species with larval entrainment values in excess of one million were included (individuals classified as yellow perch/walleye were also included as both species had larval entrainment estimates well above one million).  Population loss estimates were only provided for larval fish.

	Species
	Annual estimate of entrained larvae
	Population Loss Estimates

 (% of total larvae)
	Annual estimate of entrained juveniles

	freshwater drum
	977,426,912
	10.1%
	155,542

	rainbow smelt/Clupeidae
	536,265,835
	10.9%
	4,365,674

	unidentifiable
	465,945,050
	10.2%
	―

	Morone sp.
	137,549,760
	10.8%
	―

	logperch
	32,763,640
	11.0%
	1,328,768

	white sucker
	29,196,575
	11.3%
	―

	emerald shiner
	19,001,574
	9.6%
	3,915,565

	white bass
	17,840,256
	10.1%
	1,097,805

	walleye
	8,157,828
	9.8%
	663,715

	Cyprinidae
	7,484,343
	10.2%
	―

	Notropis sp.
	4,707,966
	9.8%
	17,405

	yellow perch
	3,180,492
	12.3%
	―

	Percidae
	2,300,638
	10.8%
	―

	common carp/goldfish
	2,143,190
	10.7%
	―

	walleye/yellow perch
	511,779
	10.0%
	―


The CWIS report states that 99.7% of entrained eggs were long dead. Egg entrainment was observed only during May and June, with zero eggs reported entrained during other sampling months. Additionally, the majority of larval (79.3%) and juvenile fish (91.2%) were categorized as recently dead. Approximately 21% of larval fish were considered long dead. 

None of the reports address why entrainment sampling did not occur during fall and winter months, nor do they provide any explanation about the large percentages of long-dead and recently dead fish. The CWIS report states that recently dead larvae are considered to be those damaged during sample collection or representative of natural mortality, but the report does not describe the sampling equipment or any discussion to support sampling damage as a causal effect. The report also does not present any background information regarding observed natural mortality, and no river sampling occurred during the study to provide a basis for comparison. 
To provide context for the nearly 2.5 billion fish entrained, FirstEnergy compares the numbers of entrained fish at each lifestage to the estimated numbers in the Maumee River. Since the authors base the river population estimates on river discharge, we believe that they assume a uniform distribution of fish eggs, larvae, and juveniles throughout the waterbody. As noted above, ichthyplankton demonstrate significant spatial and temporal variability. Thus, without appropriate background data and discussion, there is no way to know how FirstEnergy’s river estimates compare to actual population numbers. 
Summary
Our review has identified several elements that warrant attention. In particular, no individual document contains enough information to stand on its own. Even in combination, while one can put together a more complete picture of the facility and the studies, important details are lacking. We recommend that additional information should be included in the report, specifically:

· a site plan that clearly shows the sampling locations for entrainment, impingement, and impingement survivability studies; 

· a detailed discussion of the methods used for each study, addressing each of the issues identified in this review; and

· sufficient background information to support decisions that affected the study design (e.g., a list of local species and their approximate spawning times to support the decision to not sample for entrained organisms during fall and winter) and to provide context for the findings.

· detailed schematic diagrams and descriptions of the cooling water intake structure and its components, pumps and surface condensers.

Section II: Thermal Mixing Zone
FirstEnergy Corporation submitted the Toledo Edison Company Bay Shore Station, Thermal Mixing Zone Study in January 2003.  The report was developed by Lawler, Matusky & Skelly Engineers LLP. The report describes the methods and results of the Thermal Mixing Zone Study: Plan of Study approved by Ohio Environmental Protection Agency (OEPA) in May 2002.  The Thermal Mixing Zone Study: Plan of Study includes a field survey program and a modeling study for the thermal plume resulting from the Station’s cooling water discharge. 

Tetra Tech, Inc. reviewed Toledo Edison Company Bay Shore Station, Thermal Mixing Zone Study to develop recommendations and conclusions regarding the extent and potential biological impacts related to the thermal mixing zone at the Bay Shore facility and to review the report for utility and technical rigor.  

The primary and overriding concern identified with this report was the manner in which the term “delta T” was defined and how it was used to illustrate the extent of the thermal mixing zone.  Delta T typically refers to the difference between two temperature measurements.  When used in evaluations of thermal discharges, delta T typically is defined as the difference between the temperature of the discharge at some point in the plume (e.g., end of pipe or other compliance point) and the temperature of the receiving water body at a point not influenced by the thermal plume.  In this report, delta T was defined as the difference between the appropriate maximum Ohio Environmental Protection Agency (OEPA) temperature criterion (which varied with date) and the temperature in the discharge or discharge plume.  
Using this definition, the thermal mixing zone measured, modeled, and discussed in this report is the regulatory mixing zone and not the actual thermal mixing zone.  Thus, the thermal plume described in this report is the area within which the temperature exceeds the OEPA temperature criterion and not the area within which the temperature exceeds some measure of background temperature.  Because of the way delta T and the thermal plume were defined, the information provided in this report does not describe the areal extent of the thermal plume (as defined as the area where the temperature exceeds background conditions, or as where the thermal discharge increases temperatures in the receiving water body).  Therefore, it is not possible to evaluate potential impacts related to the thermal discharge or to provide recommendations for reducing the size of the thermal mixing zone.

Initial efforts to model the extent and behavior of the thermal plume used the Cormix model.  However, the conditions in the receiving water (e.g., surface discharge, great width relative to depth, low ambient flow) made this model unsuitable for use in this application.  A model was developed and determined to be suitable for use for describing summer conditions only; however, this model was determined to have “marginal statistical reliability.”  Thus, it is unclear whether the modeled estimates of the thermal plume actually present a reasonable approximation of actual conditions.

The review also raised concerns regarding the areal extent of the sampling conducted to define the thermal plume.  Figure 3-1 in the report describes the center-line extent of the thermal plume and indicates that this plume extends several kilometers into Maumee Bay.  Based on that figure, the area sampled in an effort to describe the thermal plume (according to Figure 2-1, the study area appears to have a centerline distance of 3.4 km) appears to be entirely encompassed by the thermal plume and does not provide a measure of the extent of the plume.  Further, the ambient monitoring station appears to be within the area of the plume described in Figure 3-1 and possibly affected by the thermal discharge.  

Only limited data are provided regarding the temperatures at various distances from the discharge point (i.e., isopleths) under different discharge and receiving water conditions.  Additionally, no data are provided discussing the thermal tolerances of species of concern in the receiving system, nor is a discussion included regarding portions of the receiving water that may potentially be areas of exclusion for those species as a result of the thermal discharge.  Without such information it is not possible to evaluate potential thermal impacts to the biota of Maumee Bay.

The report describes the extent of the thermal plume resulting from the thermal discharge at the Bay Shore facility; however, the predicted plume sizes are based upon admittedly flawed modeling efforts.  Further, the manner in which the thermal plume was described results in a discussion of the regulatory mixing zone and not the actual thermal mixing zone.  Finally, it appears that the study area may have been too limited to actually measure the extent of the thermal plume in Maumee Bay.  Therefore, it is difficult to form an opinion regarding the extent of the thermal mixing zone in this system, or potential impacts related to this mixing zone based on the information presented in this report.

Background Information

Current permit

The current permit for the Station (21B00000*QD) was issued on June 29, 2007 and expires on January 31, 2009.  FirstEnergy Corporation must conduct a thermal mixing zone benthic survey.  The survey includes sampling for 2 years from 2008 through 2009.  A summary of the sampling results must be submitted to OEPA by December 31, 2008.

Determining the size of a mixing zone in Ohio

Section 316 Guidelines were developed by OEPA in 1978. Pages 27 through 33 provide procedures for determining the size of a mixing zone.  The permittee must model the mixing zone considering the provisions set in this document (e.g., “….demonstrate that a thermal mixing zone will assure the protection and propagation of a balanced, indigenous community.”  In addition, pages 32 through 33 provide two options for the permittee to determine the size of a mixing zone:
· I-Absence of Prior Appreciable Harm—Submit and implement a field sampling study.

· II-Protection of Representative Aquatic Species—Develop a representative aquatic species list and then conduct a field sampling study.

Determining the size of a mixing zone in other states

Most states require the permittee to determine the size of a mixing zone.  Typically, permittees use models. Regarding temperature, permits will typically define the thermal mixing zone by one of the following:

· Not to exceed XX degrees at the edge of the mixing zone—includes latitude and longitude of the mixing zone

· Using the model, determine what temperature from the effluent discharge will meet all provisions set out by the state

Michigan also requires the permittee to determine the size of the mixing zone based on “provisions” listed in the water quality standards (e.g., “A description of the amount of dilution occurring at the boundaries of the proposed mixing zone and the size, shape, and location of the area of mixing, including the manner in which diffusion and dispersion occur.”)  A search of the web site found no documents specific to mixing zones or Section 316(a).

Idaho recently developed a draft Mixing Zone technical Procedures Manual, which is out for pubic comment.  This document includes information on the following:

· How to conduct a biological, chemical, and physical appraisal

· How to account for data limitations

· How to determine the appropriate model for calculating the size of a mixing zone

· Includes guidelines (principles) such as

· “…should not include more than 25% of the volume of the critical stream flow.”

· “…should meet or be less than the applicable chronic criteria before the width of the effluent plume becomes wider than 25% of the total width of the stream.”

· “…should meet or be less than the applicable chronic criteria before the edge of the effluent plume is closer to the 7Q10 shoreline than 15% of that stream flow.”

· How to select model input values

US Environmental Protection Agency (USEPA) Guidance

USEPA’s Water Quality Handbook provides general guidance on how to determine size (e.g., in lakes, “a circle with a specified radius is generally preferable”), but does not give specific information on exactly how a permittee or state should determine the size of a mixing zone.

Tetra Tech, Inc.
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