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Executive Summary 
Exelon Generation Company, LLC (Exelon) received a license from the Federal Energy Regulatory 
Commission (FERC) on December 22, 2015 for the Muddy Run Pumped Storage Project (Muddy Run 
Project). An American Eel, Anguilla rostrata, Passage Plan (Eel Plan) was developed by Exelon and 
included as a condition of the Pennsylvania 401 Water Quality Certification (WQC) (DEP File No. EA 
36-033; dated December 10, 2014) for the Muddy Run Project, and is a condition of the FERC license 
for the Muddy Run Project. 

Pursuant to the FERC License and the Pennsylvania Department of Environmental Protection 
(PADEP) 401 WQC, Exelon began operation of a temporary eel trapping facility at Octoraro Creek in 
2015. The temporary eel trapping facility at Octoraro Creek operated for three seasons – 2015, 
2016, and 2017. An annual report was developed and filed with FERC and resource agencies after 
each year of operation. On March 1, 2018, FERC issued a letter indicating that the reports met the 
requirements of the PADEP 401 WQC and U.S. Department of the Interior fishway prescription for 
the Project. The eel facility continued to operate as a temporary facility in 2018 and 2019, but the 
location is now considered permanent. Exelon completed upgrades (larger submersible pump and 
waterline, manifold, collection tank, and attraction flow lines) to the Octoraro Creek eel facility prior 
to May 1. Exelon received the new CWA signed agreement on December 2, 2019. The remaining 
work left to be completed was dependent upon receiving the signed agreement so that Exelon could 
apply for permits. The remaining work left to be completed addresses aesthetics and safety (stairs) 
and the erosion is an emerging issue due to storm events during the fall of 2018 and early 2019. 
During each monthly EPAG call the remaining work has been communicated. The permanent facility 
will be completed upon permit acquisition and construction completion without interruption to the 
2020 season. The completed upgrades made in 2019 were related to eel passage, and the remaining 
upgrades involve addressing safety aspects and erosion issues. 

Each year, eels collected in Octoraro Creek were transported to and held at the Conowingo Eel 
Collection Facility (CECF) at Conowingo Dam and subsequently transported and released at 
designated points in the Susquehanna River watershed.  

The report provides details on the following objectives for the 2019 field investigation:  

 Install seasonal components of the eel collection facility on Octoraro Creek immediately 
downstream of Chester Water Authority’s (CWA) Pine Grove Low-Head Dam; 

 Document any modifications made to the facility during the course of the season to improve 
functionality and eel attraction capability. 

 Operate, maintain, and monitor the eel collection facility (daily) from May 1 through 
September 15, 2019; 

 Collect catch and length data, water quality, creek flow, and moon phase data during the 
entire sampling period; 

 Transport eels collected by the facility to the CECF at Conowingo Dam; 
 Conduct weekly quality control (QC) checks and cleaning of the eel collection facility to 

maintain proper attraction water flow;  

Seasonal components of the Octoraro Creek Eel Facility included: new juvenile eel ramps, a larger 
submersible pump and waterline, manifold, collection tank, and attraction flow lines. The seasonal 
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components were installed and placed in service on May 1, 2019. Improvements to increase eel 
attraction and capacity were also completed by May 1, 2019. The facility operated a total of 138 
days from May 1 to September 15, 2019. 

A total of 14,170 juvenile eels were collected at the Octoraro Creek Eel Facility. The greatest number 
of juvenile eels was collected on July 14, 2019 with 2,842 eels or 20.1% of the total season catch. A 
single peak occurred between July 13-16, accounting for 8,897 of the 14,170 (62.8%) juvenile eels 
collected at the facility. Daily juvenile eel collections numbering less than 10 individuals were 
recorded on 102 days (73.9%) of the 138 collection days. Volumetric estimates were utilized on 
eight days this year. 

Length, weight, and injuries (condition factor) were recorded from biweekly subsamples on 227 
juvenile eels. Length of juvenile eels ranged from 93-252 mm with an average length of 129.9 mm. 
The average weight of juvenile eels was 2.7 grams (g) and ranged from 1.0-23.8 g. Only 2 of the 227 
(0.9%) showed any form of external injury (condition factor) such as bruising, scrape, or 
hemorrhage.  

A total of 14,170 juvenile eels collected at the facility were transported within 24 hours of capture 
to the CECF at Conowingo Dam where they were held before transport. No eels died at the facility or 
during transport to Conowingo during the 2019 season (100% survival). 

Cleaning and calibration of the facility was performed weekly. Cleaning of the collection tank, 
screened drains, and spray bars occurred daily after all eels were removed for transport. Scrubbing 
of the barrel that held the pump and the spray bars occurred prior to any calibration. The pump, 
manifold, and garden hoses were also cleaned as needed during the season. Only one volumetric 
estimate was compared against an actual count this year, and due to the small difference in number 
between the estimate and actual count, the method provided an accurate estimate, so no changes 
to the method are warranted. CWA operated the small hydroelectric facility on 112 days (81.2%) of 
the 138 day sampling season. 

  



MUDDY RUN PUMPED STORAGE PROJECT - FERC PROJECT NUMBER 2355 
 

 viii Normandeau Associates, Inc. 

List of Abbreviations 
Agencies/Groups   

CWA Chester Water Authority 

CECF Conowingo Eel Collection Facility 

EPAG Eel Passage Advisory Group 

Exelon Exelon Generation Company, LLC 

FERC  Federal Energy Regulatory Commission 

PADEP Pennsylvania Department of Environmental Protection 

plant CWA water treatment plant 

USFWS U.S. Fish and Wildlife Service 

USGS U.S. Geological Survey 

Units of Measure  

C Celsius 

cfs cubic feet per second 

DO  dissolved oxygen 

gpm gallons per minute 

km Kilometer 

L Liter 

mg/L milligrams per liter 

mm Millimeter 

QC  quality control 

Miscellaneous  

WQC Water Quality Certification 

YSI 550A YSI Incorporated (water quality measuring device) 
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1 Introduction 

Exelon Generation Company, LLC (Exelon) received a license from the Federal Energy Regulatory 
Commission (FERC) on December 22, 2015 for the Muddy Run Pumped Storage Project (Muddy Run 
Project). An American Eel, Anguilla rostrata, Passage Plan (Eel Plan) was developed by Exelon and 
included as a condition of the Pennsylvania 401 Water Quality Certification (DEP File No. EA 36-033; 
dated 10 December 2014) for the Muddy Run Project, and is a condition of the FERC license for the 
Muddy Run Project. 

The Eel Plan required Exelon to investigate the feasibility of installing and operating a juvenile eel 
trapping facility on Octoraro Creek. The evaluation was conducted at a location identified on 
Octoraro Creek immediately downstream of the Chester Water Authority (CWA) Pine Grove Low-
Head Dam. This site was approved by the Pennsylvania Department of Environmental Protection 
(PADEP) and other members of the Eel Passage Advisory Group (EPAG)1.  

Eels collected in Octoraro Creek were transported directly to and held at the Conowingo Eel 
Collection Facility (CECF) at Conowingo Dam and subsequently transported and released at 
designated points in the Susquehanna River watershed.  

The report provides details relative to the following objectives for the 2019 field investigation:  

 Installation of seasonal components to the eel collection facility on Octoraro Creek 
immediately downstream of Chester Water Authority’s (CWA) Pine Grove Low-Head Dam; 

 Document any modifications made to the facility during the course of the season to improve 
functionality and eel attraction capability. 

 Operate, maintain, and monitor the eel collection facility (daily) from May 1 through 
September 15, 2019; 

 Collect catch and length data, water quality, creek flow, and moon phase data during the 
entire sampling period; 

 Transport eels collected by the facility to the CECF at Conowingo Dam; 
 Conduct weekly quality control (QC) checks and cleaning of the eel collection facility to 

maintain proper attraction water flow;  

Seasonal components of the Octoraro Creek Eel Facility included: new juvenile eel ramps, a larger 
submersible pump and waterline, manifold, collection tank, and attraction flow lines. The seasonal 
components were installed and placed in service on May 1, 2019.

                                                           
1 EPAG members include the Pennsylvania Department of Environmental Protection, United States Fish and 
Wildlife Service, Pennsylvania Fish and Boat Commission, Maryland Department of Natural Resources, 
Susquehanna River Basin Commission, and Exelon.  
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2 Background 

Areas of lower Octoraro Creek up to and including the area near CWA’s Pine Grove Low-Head Dam 
were surveyed over a 13-week period from June 16 through September 10, 2014, using fyke nets, 
red-light headlamps, and fine mesh dip nets (Figure 2.0-1 and Normandeau Associates and Gomez 
and Sullivan 2014). Based on the information gathered during the 2014 survey, eels were 
consistently found in the north corner of the spillway adjacent to the Dam, whereas eels did not 
seem to be as abundant at the downstream sites during the same period. The report recommended 
that a site near the Dam be considered for future juvenile eel trapping (Normandeau Associates and 
Gomez and Sullivan 2014). Exelon and EPAG discussed the possibility of utilizing this north corner of 
the spillway site for the temporary eel collection facility in 2015. However, due to concerns by the 
CWA relating to existing structures at the site, an alternative site along the south shore of the Pine 
Grove Low-Head Dam was selected and approved by the CWA and EPAG. The alternative site is 
located immediately downstream of the Art Building (Figure 2.0-2).  

Recent trapping efforts by the United State Fish and Wildlife Service (USFWS, Minkkinen and Park 
2014 and personal communication with USFWS, Christopher Reily, October 27, 2016) on the west 
shore of the Susquehanna River below Conowingo Dam have shown that the bulk of the juvenile eel 
migration occurs from May into September with most eels collected in June and July (Figure 2.0-3). 

The temporary eel trapping facility adjacent to CWA’s small hydroelectric site on Octoraro Creek was 
operated for three seasons – 2015, 2016, and 2017. An annual report was developed and filed with 
FERC and resource agencies after each year of operation. On March 1, 2018, FERC issued a letter 
indicating that the reports met the requirements of the PADEP 401 Water Quality Certification 
(WQC) and U.S. Department of the Interior fishway prescription for the Project. The eel facility 
continued to operate as a temporary facility in 2018 and 2019, but the location is now considered 
permanent. Exelon completed upgrades (larger submersible pump and waterline, manifold, 
collection tank, and attraction flow lines) to the Octoraro Creek eel facility prior to May 1. Exelon 
received the new CWA signed agreement on December 2, 2019. The remaining work left to be 
completed was dependent upon receiving the signed agreement so that Exelon could apply for 
permits. The remaining work left to be completed addresses aesthetics and safety (stairs) and the 
erosion is an emerging issue due to storm events during the fall of 2018 and early 2019. The 
remaining upgrades to the Octoraro Creek eel facility will be completed upon permit acquisition and 
construction completion of the facility without interruption to the 2020 season.  The completed 
upgrades made in 2019 were related to eel passage, and the remaining upgrades involve addressing 
safety aspects and erosion issues. 
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3 Methods 

3.1 Design, Construction, and Installation of Facility 

In 2019, modifications were made to the existing eel facility to improve eel attraction and to 
increase capacity. (Appendix A, Normandeau Associates and Gomez and Sullivan 2015, 2016, 2018a, 
and 2019). These upgrades included: new juvenile eel ramps, a submersible pump and larger 
waterline, manifold, collection tank, and attraction flow lines.  

The new juvenile eel ramps were constructed and installed identical to the previous ramps. Each 
ramp consisted of approximately 7 meter (m) x 305 millimeter (mm) wide cable trays positioned at a 
30° angle, plus a continuous length of tray that was bent and shaped at a 90° angle over a 25 mm 
radius at the top of the ramp to convey juvenile eels into the collection tanks. The entrance of each 
ramp was underwater during all flow conditions, which allowed for a smooth transition from the 
existing riverbed adjacent to a quiescent pool located in the creek. Ramps were held in place by 
three T-shaped solid metal braces, evenly spread across the length of the ramp, and driven into the 
ground beneath the ramps. On either side of these braces, a hole was drilled into the flat bar and a 
bungee cord was used to fasten the ramps to these braces. Ramps were covered from the top down 
to near the tail water median flow height to protect juvenile eels when ascending. A hinged covered 
was added to the new ramp over the spray bar to decrease light inside the ramp at the top of the 
ramp (Figure 3.1-1). 

The 51 mm submersible pump increased from 0.5 horsepower (Gorman Rupp Model 2XH5, rated at 
approx. 65 gallons/minute) to 1.0 horsepower 51 mm submersible pump (Tsurumi Pump model 8-
PN, rated at approx. 92 gallons/minute, Figure 3.1-2). The new pump was installed in the same 
screened barrel, at the same location and depth as the year previous (Normandeau Associates and 
Gomez and Sullivan 2015, 2016, 2018a, and 2019). 

The waterline to the facility from the submersible pump was upgraded from a 38 mm water line to a 
51 mm water line. This underground water line was encased in 152 mm PVC to protect the line from 
being crushed under the driveway (Figure 3.1-3). The 51 mm water line was attached to a 51 mm 
manifold with seven 25 mm ball valves that supplied water to the spray bars and additional 
attraction flow lines (Figure 3.1-4). The spray bars and the attraction flow lines were upgraded from 
19 mm to 25 mm and each ramp had one spray bar and two attraction flow lines, identical to 
previous years.  

The collection tank is 660 mm wide with a length of 1,575 mm. The depth of the water in the 
collection tank is about 299 mm, with a volume of approximately 310.4 Liters (L, Figure 3.1-5). The 
total volume of the previous collection tanks was approximately 80.1 L, combined (Normandeau 
Associates and Gomez and Sullivan 2015, 2016, 2018a, and 2019). Like prior years, the collection 
tank was filled by allowing some of the spray bar flow to enter the collection tank, thus providing a 
constant flow of freshwater. The upgraded collection tank contained two drains comprised of a 76 
mm PVC pipe with holes drilled through it and wrapped in one mm mesh to prevent juvenile eel 
escapement. Each collection tank drain line was directed to the highest point possible (gravity feed) 
of the ramp, thus providing eel scent from the eels in the collection tank to the ramp. The collection 
tank was custom fitted with a lid that was held down by clamps. When the dissolved oxygen (DO) 
approached 5.0 milligram per Liter (mg/L) in the forebay, air stones from an aerator were added to 
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the collection tank to supply additional aeration. The aerator was connected to a deep cycle marine 
battery connected to a portable solar panel and a trickle charger (Figure 3.1-6).  

Upgrades from the temporary facility (2015-2018) to the permanent facility (2019) are listed below.  

 Temporary (2015-2018) Permanent (2019) 
Submersible Pump (hp) 0.5 1.0 
Underground Water line (mm) 38 51 
Manifold (mm) 38 51 
Spray bar (mm) 19 25 
Attraction flow lines (mm) 19 25 
Collection Tank Capacity (L) 80.1 310.4 

 

3.2 Data Collection  
Sample data including date, time of sample, weather, eel counts, water temperature, and dissolved 
oxygen were recorded daily. The data was verified, tabulated, and entered into an electronic format 
each week as part of a quality control and quality assurance protocol. Environmental conditions 
such as creek flow and lunar fraction were also recorded, verified, and entered into an electronic 
format. Eel count data included actual counts or volumetric estimates (when performed). 

Length and weight measurements, along with condition factor were recorded biweekly from a 
maximum of 25 individuals (when available). Eels were measured and weighed after being 
anesthetized (Figures 3.2-1 and 3.2-2).  

Water temperature and DO were measured in the collection tank, and also in the head pond near 
the pump during each sampling event, with a YSI© 550A water quality meter that was calibrated 
prior to each sampling event.  

3.3 Juvenile Eel Transport 

All juvenile eels that were captured in the Octoraro Creek Eel Facility were transported to the CECF 
at Conowingo Dam where they were held before subsequent transport and release at designated 
locations in the Susquehanna River watershed.  

When less than 150 eels were collected during a sampling event, the eels were transported in 
aerated 19 L buckets with lids that contained the maximum amount of water to prevent sloshing, 
with ≤ 50 eels in each bucket. When counts of juvenile eels were greater than 150 individuals, a 
small enclosed transport tank (250 L) that was filled completely to prevent sloshing and equipped 
with supplemental oxygen to maintain DO levels in the tank, was used (Figure 3.3-1). 
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4 Results 

The Octoraro Creek Eel Facility commenced operation on May 1, with continued operation through 
September 15, 2019. The facility was checked daily during the 138 day season that the facility was 
operated. A total of 14,170 juvenile eels were collected during the 2019 season (Table 4.0-1). Daily 
checks were conducted as a condition of the facility’s permanent status.  

4.1 Juvenile Eel Collection 

A total of 14,170 juvenile American Eels were captured at the Octoraro Creek Eel Facility during the 
2019 season. Counts or volumetric estimates were recorded daily. Volumetric estimates were made 
on 8 of the 138 days of operation (5.8% of the season, Table 4.0-1).  

The highest one-day total of 2,842 juvenile eels occurred on July 14, accounting for 20.1% of the 
season total (Table 4.0-1 and Figure 4.1-1). For the 2019 season, 2.9% (4 days) of the monitoring 
checks recorded juvenile eel numbers > 1,000 individuals (Table 4.0-1). 

4.2 Juvenile Eel Biological Data 

Biological data (length, weight and condition factor) was recorded from biweekly subsamples. A 
total of 227 juvenile eels was collected from these biweekly subsamples (1.6% of total eels 
collected), during 24 of the 138 sample days (Table 4.2-1). 

The average length of juvenile eels was 129.9 mm, with a median size of 128.0 mm (Table 4.2-1). 
The length of juvenile eels ranged from 93 - 252 mm. One juvenile eel measured less than 100 mm 
and two eels measured greater than 175 mm (Table 4.2-2). The average weight of juvenile eels was 
2.7 grams (g), with a median weight of 2.3 g (Table 4.2-1). The weight of juvenile eels ranged from 
1.0 – 23.8 g (Table 4.2-3). Over 90% of the 227 juvenile eels weighed between 1 – 5 g (Table 4.2-3). 

Eels from each biweekly subsample were examined for external injuries. Individual condition factors, 
date, and detailed biological data for these are shown on Table 4.2-4. External injuries were noted 
on 0.9% (2 of 227 individuals) of the examined eels. The two injuries were observed on August 1, 
2019 and were coded as a scrape on the abdomen and a larger than normal abdomen.  

4.3 Juvenile Eel Collection by Week 

The majority of the juvenile eels were collected during Week 12 (July 14-20) when the facility 
collected 58.3% (8,266 individuals) of the season total. Weeks 13 and 11 collected the second and 
third greatest number of eels at 20.3% (2,874 eels) and 15.8% (2,244 eels) of the season total, 
respectively (Table 4.3-1 and Figure 4.3-1). During Weeks 11-13, the Octoraro Creek Eel Facility 
collected 13,384 of the 14,170 juvenile eels or 94.5% of the season catch.  

Weeks 14 and 7 collected 2.8% (391 eels) and 1.0% (144 eels) of the season total, respectively (Table 
4.3-1 and Figure 4.3-1). Weeks 1-6, 8-10, and 15-21 of sampling collected no greater than 1.0% of 
the season total, accounting for 251 individuals (1.7%) combined. Weekly catch data are also 
provided in Appendix B. 
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4.4 Peak Period of Eel Collections 

During the season, there was one major peak period that produced high numbers of juvenile eels. 
This peak (July 13 -16, 4 days) yielded 8,897 of the 14,170 juvenile eels or 62.8% of the total season 
catch (Table 4.0-1 and Figure 4.1-1).  

4.5 Juvenile Eel Catch in Relation to Environmental Factors 

See Appendix C for weekly averages of juvenile eel capture, river flow, lunar fraction, water 
temperature, and DO. 

River Flow 

Creek flow and juvenile eel catch appeared to be slightly related during the 2019 season. Daily 
average creek flow was taken from the United States Geological Survey (USGS) 01578475 Octoraro 
Creek near Richardsmere, MD gage, located approximately 21 kilometers (km) downstream of 
CWA’s Pine Grove Low-Head Dam (Table 4.5-1). The highest daily average creek flow value per the 
USGS gage station occurred on July 23, 2019 (1,610 cubic feet per second, cfs, Table 4.5-1). This 
single highest daily value occurred in the middle of Week 13 of eel facility operation, and occurred 
during a slight increase in eel catch (Tables 4.0-1 and 4.5-1). The second highest daily average creek 
flow value per the USGS gage station occurred on July 12, 2019 (1,330 cubic feet per second, cfs, 
Table 4.5-1). The second highest daily value occurred at the end of Week 11 of eel facility operation, 
and occurred the day before the peak of the eel catch at the Octoraro Creek Eel Facility in 2019 
(Tables 4.0-1 and 4.5-1).  

Week 3 had the second highest average weekly flows (530 cfs), but only five juvenile eels were 
collected (Figure 4.5-1 and Appendix C). Two of the lowest daily average creek flow weeks (Weeks 
21 and 20) correspond with the two lowest eel collection weeks, 0 and 1 eel captured, respectively. 
An increase of creek flow typically corresponds to increases in juvenile eel collection for this time 
period, but higher catch numbers during periods without an increase of flow may be a function of 
other variables (e.g., migration timing).  

Lunar Fraction 

Juvenile eel catch did not appear to be correlated to lunar fraction (cycle) during the 2019 season. 
The largest peak in eel capture (8,897 eels collected from July 13-16) occurred during the brightest 
week of the season and during a full moon (Table 4.5-2, Figure 4.5-2 and Appendix C, U.S Naval 
Observatory website 2019). Full moon is equal to 1.0 lunar fraction.  

During Weeks 10, 1, and 14, ranked first, second, and third darkest weeks, only 71, 1, and 391 eels, 
respectively were captured (Appendix C). Typically, the lower illuminance during lower lunar fraction 
periods, (new moon) has been associated with increases in eel catch at eel traps (Welsh et al. 2015 
and Schmidt et al. 2009).  

Water Temperature 

Water temperature and eel catch did not appear to be related this season. Over the course of the 
season, the water temperature ranged from a high of 26.1°C on July 23, 2019 (Week 13) to a low of 
13.4°C on May 15 (Week 3, Table 4.5-3 and Figure 4.5-3). Water temperatures did not reach 20.0° 
Celsius (C) until June 6, 2019. 
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Dissolved Oxygen 

Eel collection numbers and DO did not appear to be related this season. Dissolved oxygen is 
recorded as milligrams/Liter (mg/L). The data indicated that the water above the dam was not 
stratified and the readings were similar to those observed in the collection tanks prior to the 
installation of the aerator which occurred on June 26 (Table 4.5-4 and Figure 4.5-4). Detailed DO 
readings are presented in Tables 4.5-4 and 4.5-5 and displayed in Figure 4.5-5. Measurements of DO 
were usually taken in the morning when the lowest DO would be more likely to be observed. 

4.6 Juvenile Eel Holding and Mortality 

See Table 4.6-1 for detailed information of transport, and mortality data. 

Transport 

Juvenile eels collected at the Octoraro Creek Eel Facility were transported within 24 hours of 
capture. Transport time from Octoraro Creek Eel Facility to the CECF at Conowingo Dam was about 
30 minutes. No juvenile eel mortalities were observed when transferring eels from the transport 
vehicle into the Conowingo holding facility. 

Mortality 

Of the 14,170 juvenile eels that were captured at this facility, no eels were found dead in the 
collection tank (100% survival). All juvenile eels were observed to be free of fungus.  

4.7 Quality Control Activities 

Cleaning and calibration activities were conducted at least weekly during the season. Scrubbing of 
the barrel housing the pump, along with the spray bars, was performed prior to performing any 
calibrations. Garden hoses, pump, barrel, and the manifold were cleaned as needed during the 
season. Quality control check was also performed on the volumetric eel estimates. 

Calibration of the ramp flow was executed each week after cleaning, using a 4-gallon graduated 
bucket. Three different locations of each ramp were checked for calibration purposes - the spray 
bar, the collection tank drain, and the additional attraction flows at the entrance of each ramp. The 
attraction flow at the top of the ramp (top attraction flow) was calculated by subtracting the spray 
bar amount from the drain of the collection tank. Details and calibration records are listed in Table 
4.7-1. 

The amount of algae growth within the hoses and spray bar increased throughout the season. In an 
effort to increase the flow of attraction water to the ramps, the pump, manifold, and all the 
attraction flow lines were scrubbed or snaked clean nine times during the 2019 season (Table 4.7-1). 
The same submersible pump was used all season.  

Volumetric eel estimates were performed on eight days during the season. A quality control 
comparison on counts occurred once during the 2019 season on July 17. The volumetric estimate 
and the actual count differed by 10 eels. Due to the small difference in counts, no changes to the 
volumetric method were required. 



MUDDY RUN PUMPED STORAGE PROJECT - FERC PROJECT NUMBER 2355 
 

 8 Normandeau Associates, Inc. 

4.8 Other Species Caught 

Two aquatic species were caught in addition to American Eel. Four River Crayfish (Cambaridae 
family) were netted from the collection tank on four occasions during the season. A Northern Water 
Snake (Nerodia sipedon) was also removed from the collection tank on May 19, 2019.  
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5 Discussion 

The CECF at Conowingo Dam has one Enkamat ramp compared to the Octoraro Creek Eel Facility 
which contains one Enkamat and one Milieu ramp. Both ramps operated simultaneously (May 1 – 
September 15). Conowingo’s facility captured 126,181 eels compared to the Octoraro Creek Eel 
Facility that captured 14,170 juvenile eels during the 2019 season. With both ramps operating 
simultaneously, the Octoraro Creek facility captured approximately 9% of the number of eels 
collected by the CECF at Conowingo Dam. During this time, the size range of the juvenile eels caught 
at the CECF at Conowingo Dam facility was 64-165 mm with an average length of 114.4 mm 
(Normandeau Associates, Inc. 2019). The size of the juvenile eels caught in the ramp at the Octoraro 
Creek Eel Facility were slightly larger with a size range of 93-252 mm and an average length of 129.9 
mm. Overall, the ramps at the Octoraro Creek Eel Facility collected a wider size range of eels, but 
the CECF at Conowingo Dam collected much smaller eels. No eels died in the collection tank or 
during transport from the Octoraro Creek Eel Facility to the CECF. 

The attraction flow to the ramps during the 2019 season was increased from prior years. The 2015 
design specifications of the ramps were to have a total attraction flow of 210-230 L/min, (55-60 
gpm) but the actual total attraction flows were between 17.4 and 25.0 gallons per minute (average 
21.6 gpm). The increase in attraction flows to the permanent design specifications for the system 
was due to a larger submersible pump, 51 mm water line, 51 mm manifold, and 25 mm attraction 
flow lines that were installed prior to the start of the 2019 season. These upgrades increased the 
attraction flows to greater than 56.3 gpm and even as high as 74.5 gpm (Table 4.7-1). The collection 
tank was cleaned, hoses inspected, and spray bars checked and cleaned during each sample to 
ensure flow. Due to the algae build up inside the hoses, a routine (weekly) or as needed clean-out of 
the hoses and manifolds used was performed to maintain a more consistent attraction flow. The 
range of attraction flows could be from the head difference when flows decrease or from the build-
up of biological growth in the system. The hardiness of this species and its ability to adjust to 
parameters were evidenced by the numbers captured here.  

The scaffolding, collection tanks, and hoses are not shaded at this time.  

Water temperature and DO readings were taken daily in the head pond at the pump level. The data 
indicated that the water above the dam was not stratified and these readings were similar to those 
observed in the collection tank prior to the installation of the aerator which occurred on June 26, 
2019 (Tables 4.5-4 and 4.5-5).  

The average creek flow value per the USGS gage station during the 2019 season was similar to the 
previous years of operation (2015-present) during the operational period of May 1 to September 15. 
The average creek flow value during the operational period of May 1 through September 15, 2015-
2019 was 218.2 cfs compared to the average creek flow value of 240 cfs in 2019 (Table 5.0-1 and 
Normandeau Associates and Gomez and Sullivan 2015, 2016, and 2018a and Normandeau 
Associates 2018a). In 2019, daily average creek flow exceeded 1,000 cfs on two days, and the daily 
average creek flow was below 100 cfs for only 13 days compared to 24, 65, 46, and 4 days in 2015, 
2016, 2017, and 2018, respectively. CWA operated its hydro facility on 112 of the 138 days (81.2%) 
this year, but we observed no relationship between eel catch and hydro operation (Table 4.0-1). 
With the 2018 creek flows well above normal, a cobble/gravel outcrop formed just downstream of 
the entrance to the eel ramps (Figure 5.0-1). The outcrop did not change the location of the ramp’s 



MUDDY RUN PUMPED STORAGE PROJECT - FERC PROJECT NUMBER 2355 
 

 10 Normandeau Associates, Inc. 

entrance, which remained underwater throughout the entire 2019 season, just as in previous years 
(Appendix A).  

Since 2015, when the creek flow has increased, the catch of juvenile eels has also increased within a 
few days of the flow increase. This was evident during the two higher creek flows in July 2019, but 
was not observed during the more sustained rise in creek flows during Week 3. Figure 5.0-2 shows a 
comparison of 2015 through 2019 weekly catch and average creek flow data. In 2016, 2017, and 
2018, the high flow events co-occurred with a new moon phase, unlike the 2019 season high flow 
events, which occurred during a full moon phase. See Appendix C for additional weekly data 
comparing 2015 through 2019.  

The number of eels collected (14,170 individuals) in 2019 was the second highest total in the past 
five years (Table 5.0-1). The average size of eels has been increasing from 2015 to 2018, with the 
average size of eels collected in 2019 similar to those collected in 2015, (129.4 mm in 2015 to 129.9 
mm in 2019, Table 5.0-1). From 2015 to 2018, juvenile eels were measured during every sample day 
(up to 25 eels if available), but biweekly subsamples of lengths were collected in 2019. The Octoraro 
Creek eel ramp has caught juvenile eels less than or equal to 100 mm every year, and the size range 
of eels collected and measured has been similar as well. 

During the 2019 season, the Octoraro Creek Eel Facility was interrupted with short term breaks in 
operation. Operation changes or maintenance needs to the transformer occurred nine times during 
the 2019, causing the CWA water treatment plant to be under generator power during these times. 
When the plant is under generator power, the left bank of the Octoraro Creek (Chester County side) 
does not have power, which powers the pump for the eel facility. Eight events occurred during 
daytime hours (0600 to no later than 1400) on June 10, July 18, 24 and 25, and August 19-22. Eels 
were removed in the morning of these days, but the pump was not unplugged, so when power was 
restored to the left bank of Octoraro Creek the attraction flow was automatically restarted. 
Normandeau personnel inspected the site each day during these outages to verify that the pump did 
restart when power was restored. The other power event occurred on July 19, 2019. Normandeau 
arrived at the facility in the morning to find the GFCI had tripped and the pump did not 
automatically restart. No mortality was observed due to the above events in 2019. 

See Appendix D for individual correspondence associated with making the Octoraro Creek Eel 
Facility a permanent facility after three years (if deemed successful by the Resource Agencies). The 
term permanent refers to the annual set-up and operation of the Octoraro Creek Eel Facility through 
the year 2030. Upgrades for the temporary facility were agreed upon by the members of EPAG after 
the March 1, 2018 FERC issued letter indicating that the reports met the requirements of the PADEP 
401 WQC and U.S. Department of the Interior fishway prescription for the Project. Some upgrades 
that didn’t require a permit were installed prior to the 2019 season which included: new juvenile eel 
ramps, a larger submersible pump and waterline, manifold, collection tank, and attraction flow lines. 

FERC was sent a schedule for the upgrades on June 29, 2018 (Appendix D).  Exelon received the new 
CWA signed agreement on December 2, 2019. The remaining work left to be completed was 
dependent upon receiving the signed agreement so that Exelon could apply for permits; the 
remaining work left to be completed addresses aesthetics and safety (stairs); and the erosion is an 
emerging issue due to storm events during the fall of 2018 and early 2019. During each monthly 
EPAG call the remaining work has been communicated. The next step for the Octoraro Creek Eel 
Facility is to complete the conversion to a permanent facility upon permit acquisition and 
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construction completion of the facility without interruption to the 2020 eel season. The remaining 
upgrades involve addressing safety aspects and erosion issues, in which will be completed outside of 
the 2020 season. 
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7 Tables and Figures 
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Table 4.0-1: Number of Juvenile Eel Caught Daily, Octoraro Creek Eel Facility, 2019 

Date Number of Eels   Date Number of Eels   Date Number of Eels  
5/1/2019* 0  6/16/2019* 4  8/1/2019* 65 
5/2/2019* 0  6/17/2019 2  8/2/2019* 19 
5/3/2019* 1  6/18/2019 0  8/3/2019* 10 
5/4/2019* 0  6/19/2019 0  8/4/2019* 17 
5/5/2019* 0  6/20/2019 0  8/5/2019* 5 
5/6/2019* 3  6/21/2019 5  8/6/2019* 5 
5/7/2019* 3  6/22/2019 1  8/7/2019* 8 
5/8/2019* 0  6/23/2019 0  8/8/2019* 3 
5/9/2019* 0  6/24/2019* 2  8/9/2019* 1 

5/10/2019* 0  6/25/2019* 1  8/10/2019* 3 
5/11/2019* 3  6/26/2019* 1  8/11/2019* 2 
5/12/2019* 3  6/27/2019* 3  8/12/2019* 0 
5/13/2019* 0  6/28/2019* 1  8/13/2019* 0 
5/14/2019* 2  6/29/2019* 28  8/14/2019* 0 
5/15/2019* 0  6/30/2019* 25  8/15/2019 2 
5/16/2019* 0  7/1/2019* 12  8/16/2019* 1 
5/17/2019* 0  7/2/2019* 5  8/17/2019* 0 
5/18/2019* 0  7/3/2019* 5  8/18/2019* 2 
5/19/2019* 0  7/4/2019* 3  8/19/2019 0 
5/20/2019* 0  7/5/2019* 12  8/20/2019 3 
5/21/2019* 0  7/6/2019* 11  8/21/2019 9 
5/22/2019* 0  7/7/2019* 10  8/22/2019 2 
5/23/2019* 1  7/8/2019 8  8/23/2019* 2 
5/24/2019* 0  7/9/2019* 12  8/24/2019* 1 
5/25/2019* 2  7/10/2019* 12  8/25/2019* 2 
5/26/2019* 0  7/11/2019* 10  8/26/2019* 3 
5/27/2019* 0  7/12/2019* 129  8/27/2019* 0 
5/28/2019* 2  7/13/2019* 2063  8/28/2019 4 
5/29/2019* 1  7/14/2019* 2842  8/29/2019 1 
5/30/2019* 3  7/15/2019* 1842  8/30/2019 0 
5/31/2019* 3  7/16/2019* 2150  8/31/2019* 2 
6/1/2019* 0  7/17/2019* 283  9/1/2019* 2 
6/2/2019* 3  7/18/2019 199  9/2/2019* 0 
6/3/2019* 3  7/19/2019* 0  9/3/2019* 0 
6/4/2019* 6  7/20/2019* 950  9/4/2019 1 
6/5/2019* 5  7/21/2019* 435  9/5/2019 1 
6/6/2019* 0  7/22/2019* 327  9/6/2019 0 
6/7/2019* 3  7/23/2019* 518  9/7/2019* 0 
6/8/2019* 0  7/24/2019* 582  9/8/2019* 0 
6/9/2019 0  7/25/2019* 447  9/9/2019 0 

6/10/2019 0  7/26/2019* 246  9/10/2019 0 
6/11/2019* 13  7/27/2019* 319  9/11/2019 1 
6/12/2019* 49  7/28/2019* 67  9/12/2019 0 
6/13/2019* 11  7/29/2019* 123  9/13/2019* 0 
6/14/2019* 66  7/30/2019* 62  9/14/2019* 0 
6/15/2019* 5  7/31/2019* 45  9/15/2019* 0 

*Days the hydroelectric facility was operating (112 days) 
Volumetric estimates are in italics (8) 
Bolded numbers are peak days  
The peak period is shown the box 
* QC check is underlined (1)  
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Table 4.2-1: Number of Juvenile Eel Captured with Length and Weight 
Measurements, Octoraro Creek Eel Facility, 2019 

  Total 
Number eels collected     14,170 
Number measured    227 
Data Collection Days 24 
  
Range on lengths (mm) 93-252 
Average length (mm) 129.9 
Median length (mm) 128.0 
  
Range on weights (g) 1.0-23.8 
Average weight (g) 2.7 
Median weight (g) 2.3 
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Table 4.2-2: Juvenile Eel Length Frequency, Octoraro Creek Eel Facility, 2019 

TL (mm) Number 
90-94 1 
95-99 - 

100-104 7 
105-109 10 
110-114 18 
115-119 16 
120-124 38 
125-129 36 
130-134 33 
135-139 18 
140-144 11 
145-149 13 
150-154 12 
155-159 3 
160-164 4 
165-169 2 
170-174 3 
175-179 1 
250-254 1 

Total 227 
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Table 4.2-3: Juvenile Eel Weight Frequency, Octoraro Creek Eel Facility, 2019 

Weight (g) Number 
1.0-1.4 18 
1.5-1.9 49 
2.0-2.4 54 
2.5-2.9 41 
3.0-3.4 25 
3.5-3.9 16 
4.0-4.4 8 
4.5-4.9 5 
5.1-5.4 4 
5.5-5.9 2 
6.0-6.4 1 
6.5-6.9 3 

23.5-23.9 1 
Total 227 
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Table 4.2-4: Observed Injuries of Juvenile American Eels, Octoraro Creek Eel 
Facility, 2019 

Date Length (mm) Weight (grams) Condition Factor 
8/1/2019 136 3.0 Scrape on abdomen 

 134 2.9 Larger than normal abdomen 
    2 of 227 eels (0.9%) that were processed had injury 
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Table 4.3-1: Juvenile Eel Collection by Week and Ranks, Octoraro Creek Eel Facility, 2019 

  Wk 1 Wk 2 Wk 3 Wk 4 Wk 5 Wk 6 Wk 7 Wk 8 Wk 9 Wk 10  

Total 1 9 5 3 9 20 144 12 36 73  

Rank T-19 T-13 T-15 18 T-13 9 5 T-11 8 6  
Percent Catch (%) 0.01 0.06 0.04 0.02 0.06 0.14 1.02 0.08 0.25 0.52  

  Wk 11 Wk 12 Wk 13 Wk 14 Wk 15 Wk 16 Wk 17 Wk 18 Wk 19 Wk 20 Wk 21 

Total 2244 8266 2874 391 42 5 19 12 4 1 0 

Rank 3 1 2 4 9 T-15 10 T-11 17 T-19 21 
Percent Catch (%) 15.84 58.33 20.28 2.76 0.30 0.04 0.13 0.08 0.03 0.01 0.00 

Top 3 ranked weeks are shown in boxes.                   

 
 Wk 1: May 1 - May 4   Wk 11: July 7 - July 13    
 Wk 2: May 5 - May 11   Wk 12: July 14 - July 20    
 Wk 3: May 12 - May 18   Wk 13: July 21 - July 27    
 Wk 4: May 19 - May 25   Wk 14: July 28 - August 3    
 Wk 5: May 26 - June 1   Wk 15: August 4 - August 10    
 Wk 6: June 2 - June 8   Wk 16: August 11 - August 17   
 Wk 7: June 9 - June 15   Wk 17: August 18 - August 24   
 Wk 8: June 16 - June 22   Wk 18: August 25 - August 31   
 Wk 9: June 23 - June 29   Wk 19: September 1 - September 7   
 Wk 10: June 30 - July 6   Wk 20: September 8 - September 14 

WK 21: September 15 
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Table 4.5-1: USGS 01578475 - Octoraro Creek at Richardsmere, MD Gage Flows Daily 
Average Creek Flows (cfs), 2019 

Day May June July  August September 
1 195 215 154 139 125 
2 243 207 200 220 127 
3 322 206 247 227 116 
4 357 205 237 223 68 
5 496 203 234 216 67 
6 509 205 231 167 69 
7 422 190 214 152 128 
8 328 105 272 152 128 
9 322 96 205 150 109 

10 346 167 266 145 71 
11 376 383 527 144 64 
12 494 476 1330 138 63 
13 963 467 295 137 82 
14 834 360 203 151 125 
15 388 282 177 154 88 
16 349 219 138 137  
17 359 185 156 135  
18 324 144 232 134  
19 253 149 280 136  
20 291 208 190 74  
21 306 165 181 74  
22 302 147 214 106  
23 298 150 1610 168  
24 245 200 278 163  
25 241 273 267 164  
26 202 264 281 164  
27 184 205 213 159  
28 193 165 193 114  
29 316 166 203 74  
30 316 155 187 80  
31 252  130 127  

 
Bolded value represent the average river flows over 1,000 cfs 
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Table 4.5-2: Fraction of Moon Illumination, 2019 EST (1.0 Equals Full Moon) 

Day May June July August September 
1 0.14 0.06 0.03 0.00 0.05 
2 0.08 0.02 0.00 0.02 0.11 
3 0.03 0.00 0.00 0.07 0.20 
4 0.01 0.01 0.03 0.14 0.30 
5 0.00 0.04 0.08 0.23 0.40 
6 0.02 0.10 0.16 0.33 0.51 
7 0.06 0.18 0.25 0.44 0.61 
8 0.12 0.27 0.36 0.55 0.71 
9 0.20 0.38 0.47 0.66 0.79 

10 0.30 0.50 0.59 0.75 0.86 
11 0.41 0.61 0.69 0.83 0.92 
12 0.52 0.72 0.79 0.90 0.96 
13 0.63 0.81 0.87 0.95 0.99 
14 0.74 0.89 0.93 0.98 1.00 
15 0.83 0.95 0.97 1.00 0.99 
16 0.91 0.98 1.00 0.99  
17 0.96 1.00 1.00 0.97  
18 0.99 0.99 0.98 0.93  
19 1.00 0.97 0.95 0.88  
20 0.98 0.92 0.90 0.81  
21 0.94 0.86 0.84 0.73  
22 0.88 0.79 0.76 0.64  
23 0.81 0.70 0.68 0.54  
24 0.73 0.61 0.58 0.44  
25 0.64 0.52 0.49 0.34  
26 0.55 0.42 0.39 0.24  
27 0.45 0.33 0.29 0.15  
28 0.36 0.24 0.20 0.07  
29 0.27 0.16 0.12 0.02  
30 0.19 0.09 0.05 0.00  
31 0.12  0.01 0.01  
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Table 4.5-3: Water Temperature (°C) from the Collection Tank, Octoraro Creek Eel 
Facility, 2019  

Day May June July August September 
1 15.0 19.3 22.4 23.6 22.7 
2 15.2 19.1 22.5 23.8 23.2 
3 15.9 19.1 22.8 23.7 22.6 
4 16.0 19.8 23.3 23.7 23.2 
5 16.0 19.8 23.2 23.7 23.3 
6 16.3 20.7 23.7 24.0 23.1 
7 15.8 20.9 23.3 24.1 22.4 
8 16.1 19.9 23.4 24.0 21.9 
9 15.9 19.6 22.0 24.1 22.4 

10 16.3 19.2 22.2 23.6 22.3 
11 16.1 20.6 23.7 23.7 22.7 
12 15.8 21.4 24.2 24.4 23.0 
13 15.9 20.2 22.8 24.7 22.4 
14 14.2 19.6 22.7 23.3 22.1 
15 13.4 19.5 22.5 23.4 22.5 
16 13.9 19.6 23.2 23.8  
17 14.4 20.5 23.8 24.1  
18 14.3 20.4 23.8 24.1  
19 14.4 20.9 N/A 24.1  
20 16.1 20.7 24.5 24.1  
21 15.0 20.9 24.7 24.2  
22 16.7 20.5 24.6 24.2  
23 15.7 20.6 26.1 23.7  
24 15.6 21.0 22.4 23.7  
25 16.5 21.5 22.2 23.5  
26 15.8 21.7 22.8 23.5  
27 15.9 21.0 23.2 23.2  
28 16.4 22.7 23.3 23.3  
29 18.8 22.6 23.7 22.9  
30 19.4 22.8 23.8 22.2  
31 19.6  23.8 22.8  

 
Bolded values represent power interruptions, no flow to the facility 

N/A - July 19, 2019, no flow to the facility, reset GFIC which restarted pump 
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Table 4.5-4: Water Quality Parameters at Associated Locations at Octoraro Creek Eel 
Facility, 2019 

Day Time 
Collection Head Pond 

Temp (°C) DO (mg/L) Temp (°C) DO (mg/L) 
5/1/2019 1040 15.0 9.70 14.9 8.90 
5/2/2019 755 15.2 9.50 15.4 9.00 
5/3/2019 1052 15.9 10.00 16.0 10.00 
5/4/2019 730 16.0 9.70 15.8 9.80 
5/5/2019 805 16.0 9.12 15.9 8.81 
5/6/2019 900 16.3 9.70 16.1 9.50 
5/7/2019 808 15.8 9.60 15.8 9.50 
5/8/2019 855 16.1 9.33 16.1 9.00 
5/9/2019 935 15.9 9.60 15.9 9.40 

5/10/2019 930 16.3 8.98 16.0 8.90 
5/11/2019 736 16.1 9.20 16.2 9.10 
5/12/2019 716 15.8 9.30 16.1 9.30 
5/13/2019 915 15.9 9.82 15.7 9.56 
5/14/2019 748 14.2 11.00 14.5 11.20 
5/15/2019 1000 13.4 10.04 13.1 9.70 
5/16/2019 954 13.9 10.10 13.6 9.80 
5/17/2019 930 14.4 10.80 14.0 10.14 
5/18/2019 741 14.3 10.20 14.2 9.80 
5/19/2019 820 14.4 10.20 14.3 10.10 
5/20/2019 1012 16.1 10.30 15.3 10.20 
5/21/2019 905 15.0 10.28 14.8 11.00 
5/22/2019 1245 16.7 10.30 15.6 10.20 
5/23/2019 950 15.7 10.00 15.3 9.70 
5/24/2019 730 15.6 9.60 15.6 9.60 
5/25/2019 745 16.5 9.66 16.4 9.56 
5/26/2019 755 15.8 9.50 15.8 9.80 
5/27/2019 815 15.9 9.30 15.8 9.20 
5/28/2019 910 16.4 9.23 15.9 9.12 
5/29/2019 925 18.8 9.90 18.5 9.83 
5/30/2019 930 19.4 9.28 19.0 9.09 
5/31/2019 1000 19.6 8.80 19.2 9.00 
6/1/2019 750 19.3 8.80 19.2 8.56 
6/2/2019 800 19.1 9.35 19.1 8.85 
6/3/2019 822 19.1 8.90 19.2 8.53 
6/4/2019 925 19.8 8.80 19.8 8.70 
6/5/2019 855 19.8 8.30 19.8 7.80 
6/6/2019 937 20.7 8.47 20.4 9.00 
6/7/2019 930 20.9 8.30 20.6 9.60 
6/8/2019 900 19.9 9.10 19.7 9.60 
6/9/2019 730 19.6 8.60 19.5 8.70 

6/10/2019 1040 19.2 8.23 20.2 8.04 
6/11/2019 800 20.6 7.80 21.0 7.47 
6/12/2019 955 21.4 8.46 21.3 9.10 

 (continued) 
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Table 4.5-4. (Continued) 
 

Day Time 
Collection Head Pond 

Temp (°C) DO (mg/L) Temp (°C) DO (mg/L) 
6/13/2019 930 20.2 8.04 20.2 7.90 
6/14/2019 930 19.6 7.60 19.7 7.40 
6/15/2019 915 19.5 9.30 19.4 8.90 
6/16/2019 710 19.6 9.40 19.6 9.10 
6/17/2019 930 20.5 8.90 20.0 9.80 
6/18/2019 910 20.4 8.70 20.1 8.40 
6/19/2019 1055 20.9 8.63 20.6 8.22 
6/20/2019 805 20.7 9.20 20.5 8.50 
6/21/2019 830 20.9 6.89 20.8 7.30 
6/22/2019 730 20.5 7.90 20.8 7.60 
6/23/2019 845 20.6 6.00 20.9 6.50 
6/24/2019 845 21.0 6.70 21.1 6.40 
6/25/2019 740 21.5 6.40 21.4 5.90 
6/26/2019 920 21.7 7.47 21.7 6.67 
6/27/2019 732 21.0 8.00 21.1 7.10 
6/28/2019 800 22.7 7.80 22.8 5.60 
6/29/2019 730 22.6 7.60 22.9 5.70 
6/30/2019 745 22.8 7.20 22.9 4.60 
7/1/2019 830 22.4 7.20 22.6 4.20 
7/2/2019 830 22.5 5.30 22.6 3.50 
7/3/2019 730 22.8 5.57 22.9 3.90 
7/4/2019 705 23.3 7.80 23.3 2.90 
7/5/2019 710 23.2 5.90 23.2 2.86 
7/6/2019 745 23.7 5.30 23.5 2.80 
7/7/2019 745 23.3 5.70 23.2 2.90 
7/8/2019 815 23.4 5.80 23.4 3.10 
7/9/2019 745 22.0 7.20 22.3 6.10 

7/10/2019 801 22.2 7.02 22.7 4.56 
7/11/2019 810 23.7 5.80 23.6 3.50 
7/12/2019 755 24.2 7.30 24.4 8.60 
7/13/2019 730 22.8 4.10 23.1 6.30 
7/14/2019 710 22.7 5.60 22.8 7.60 
7/15/2019 830 22.5 5.89 22.7 8.38 
7/16/2019 710 23.2 4.10 23.4 4.80 
7/17/2019 740 23.8 5.14 23.8 3.13 
7/18/2019 730 23.8 7.40 23.8 4.30 
7/19/2019 730   23.3 7.10 
7/20/2019 740 24.5 6.21 24.4 3.65 
7/21/2019 750 24.7 6.80 24.6 4.00 
7/22/2019 756 24.6 5.50 24.4 2.55 
7/23/2019 735 26.1 6.30 26.4 7.60 
7/24/2019 758 22.4 5.05 23.3 7.05 
7/25/2019 800 22.2 6.65 23.2 7.21 
7/26/2019 708 22.8 7.41 23.2 7.00 

(continued) 
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Table 4.5-4. (Continued) 
 

Day Time 
Collection Head Pond 

Temp (°C) DO (mg/L) Temp (°C) DO (mg/L) 
7/27/2019 710 23.2 5.50 23.3 3.40 
7/28/2019 715 23.3 5.80 23.5 3.10 
7/29/2019 825 23.7 6.02 23.7 3.06 
7/30/2019 745 23.8 6.50 23.8 3.40 
7/31/2019 738 23.8 7.80 23.8 4.20 
8/1/2019 715 23.6 5.70 23.5 3.50 
8/2/2019 739 23.8 6.40 23.9 3.57 
8/3/2019 710 23.7 5.80 23.7 3.30 
8/4/2019 725 23.7 5.84 23.7 2.91 
8/5/2019 750 23.7 5.34 23.9 3.30 
8/6/2019 733 24.0 5.40 24.1 3.40 
8/7/2019 743 24.1 6.25 24.2 4.44 
8/8/2019 850 24.0 6.30 24.1 4.40 
8/9/2019 830 24.1 5.71 24.1 3.60 

8/10/2019 705 23.6 6.40 24.0 4.40 
8/11/2019 830 23.7 5.86 23.9 4.48 
8/12/2019 1040 24.4 6.40 24.3 5.30 
8/13/2019 752 24.7 6.10 24.1 4.90 
8/14/2019 1115 23.3 4.70 23.3 3.30 
8/15/2019 750 23.4 4.80 23.6 3.50 
8/16/2019 730 23.8 5.00 23.7 2.70 
8/17/2019 718 24.1 5.00 23.9 2.70 
8/18/2019 732 24.1 4.90 24.0 2.20 
8/19/2019 745 24.1 6.20 24.1 2.90 
8/20/2019 735 24.1 6.50 24.5 3.50 
8/21/2019 737 24.2 5.05 24.2 2.70 
8/22/2019 733 24.2 6.60 24.4 3.00 
8/23/2019 754 23.7 6.73 23.7 5.95 
8/24/2019 730 23.7 5.09 23.4 2.94 
8/25/2019 750 23.5 4.42 23.6 2.80 
8/26/2019 730 23.5 4.83 23.5 3.45 
8/27/2019 740 23.2 4.50 23.3 3.30 
8/28/2019 735 23.3 4.70 23.3 3.50 
8/29/2019 745 22.9 4.38 22.9 3.15 
8/30/2019 730 22.2 4.71 22.6 2.92 
8/31/2019 720 22.8 5.30 22.9 3.80 
9/1/2019 730 22.7 5.10 22.9 3.20 
9/2/2019 723 23.2 6.02 23.3 4.28 
9/3/2019 855 22.6 5.20 22.8 2.63 
9/4/2019 837 23.2 5.02 23.2 3.02 
9/5/2019 740 23.3 4.85 23.4 3.30 
9/6/2019 845 23.1 4.80 23.3 3.33 
9/7/2019 730 22.4 4.90 22.6 3.80 
9/8/2019 730 21.9 3.78 22.2 2.06 

(continued) 
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Table 4.5-4. (Continued) 
 

Day Time 
Collection Head Pond 

Temp (°C) DO (mg/L) Temp (°C) DO (mg/L) 
9/9/2019 846 22.4 4.23 22.5 2.30 

9/10/2019 840 22.3 5.33 22.2 3.33 
9/11/2019 840 22.7 5.53 22.7 3.91 
9/12/2019 901 23.0 5.64 23.0 4.12 
9/13/2019 805 22.4 5.13 22.6 3.14 
9/14/2019 709 22.1 4.88 22.3 2.90 
9/15/2019 800 22.5 4.63 22.4 3.07 
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Table 4.5-5: Dissolved Oxygen (mg/L) Reading Taken in Collection Tank, Octoraro 
Creek Eel Facility, 2019 

Day May June July August September 
1 9.70 8.80 7.20 5.70 5.10 
2 9.50 9.35 5.30 6.40 6.02 
3 10.00 8.90 5.57 5.80 5.20 
4 9.70 8.80 7.80 5.84 5.02 
5 9.12 8.30 5.90 5.34 4.85 
6 9.70 8.47 5.30 5.40 4.80 
7 9.60 8.30 5.70 6.25 4.90 
8 9.33 9.10 5.80 6.30 3.78 
9 9.60 8.60 7.20 5.71 4.23 

10 8.98 8.23 7.02 6.40 5.33 
11 9.20 7.80 5.80 5.86 5.53 
12 9.30 8.46 7.30 6.40 5.64 
13 9.82 8.04 4.10 6.10 5.13 
14 11.00 7.60 5.60 4.70 4.88 
15 10.04 9.30 5.89 4.80 4.63 
16 10.10 9.40 4.10 5.00  
17 10.80 8.90 5.14 5.00  
18 10.20 8.70 7.40 4.90  
19 10.20 8.63  6.20  
20 10.30 9.20 6.21 6.50  
21 10.28 6.89 6.80 5.05  
22 10.30 7.90 5.50 6.60  
23 10.00 6.00 6.30 6.73  
24 9.60 6.70 5.05 5.09  
25 9.66 6.40 6.65 4.42  
26 9.50 7.47 7.41 4.83  
27 9.30 8.00 5.50 4.50  
28 9.23 7.80 5.80 4.70  
29 9.90 7.60 6.02 4.38  
30 9.28 7.20 6.50 4.71  
31 8.80  7.80 5.30  

July 19, no water running when arrived, restarted pump 
Power interruption (no flow) are shown in Bold (8 days) 
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Table 4.6-1: Eel Transport/Stocking Data, 2019 

Location of stocking 
Number 
of eels 

Died (Mortality) 
Removed 

for Analysis 
Removed 
for SRBC 

Removed 
by SUNY 

Number 
Stocked 

Collection 
Tank 

Holding 
Tank Transported 

Octoraro Creek Collection tanks 14,170 0 (0.00%)       
Transported to Conowingo Eel Collection Facility 14,170   0 (0.00%)    14,170 
         
Conowingo Collection tank 126,181 26 (0.02%) 193 (0.15%)  91 105 16,677  109,089 
         
Total Transported from Conowingo Eel Collection 
Facility 

123,259   61 (0.05%)    123,198 

Bolded value is assumed as worst case, could be eels from Octoraro or Conowingo 
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Table 4.7-1: Calibration of Flows (Gallons per Minute) in the Octoraro Creek Eel 
Facility, 2019 

 DATE 

5/1 5/8 5/15 5/22 * 5/29 6/5 6/12 * 6/19 * 6/26 * 7/3 

Enkamat Ramp           

Spray bar 8.0 7.5 7.0 7.8 5.3 3.8 4.4 6.0 5.7 5.1 

Collection tank drain 2.0 1.8 1.2 0.9 0.5 1.1 1.7 0.7 0.8 0.9 

Top Attraction flow 6.0 5.8 5.8 6.9 4.8 2.7 2.8 5.4 5.0 4.3 

Bottom Attraction flow 29.5 29.0 30.0 30.0 30.0 29.0 29.0 29.5 30.0 30.5 

           
Total Attraction Flow 37.5 36.5 37.0 37.8 35.3 32.8 33.4 35.5 35.7 35.6 

           
Milieu Ramp           

Spray bar 7.5 7.5 6.8 7.0 4.5 4.5 4.4 6.8 6.8 5.9 

Collection tank drain 0.3 0.3 1.2 0.9 0.5 1.1 1.7 0.7 0.8 0.9 

Top Attraction flow 7.3 7.3 5.6 6.1 4.0 3.5 2.8 6.1 6.0 5.0 

Bottom Attraction flow 29.5 29.0 27.5 28.0 28.0 28.5 28.0 28.0 27.0 27.5 

           
Total Attraction Flow 37.0 36.5 34.3 35.0 32.5 33.0 32.4 34.8 33.8 33.4 

           
Overall Attraction Flows 74.5 73.0 71.3 72.8 67.8 65.8 65.8 70.3 69.5 69.0 

* Cleaned pump, manifold, and hoses to increase flow 
       

 DATE 

7/10 7/17 * 7/26 7/31 * 8/7 8/14 8/22 * 8/29 9/4 * 9/11 * 

Spray bar 4.5 4.8 5.2 4.2 4.4 6.9 6.0 4.5 5.1 6.6 
Collection tank drain 1.0 0.8 0.5 0.9 0.5 0.8 0.9 0.9 1.0 0.8 
Top Attraction flow 3.5 4.1 4.7 3.3 3.9 6.1 5.1 3.6 4.1 5.9 
Bottom Attraction flow 27.0 27.5 27.0 28.0 25.5 22.0 26.0 25.0 25.0 24.5 
           
Total Attraction Flow 31.5 32.3 32.2 32.2 29.9 28.9 32.0 29.5 30.1 31.1 
           
Milieu Ramp           

Spray bar 5.3 5.7 5.5 4.7 6.2 7.5 5.6 3.8 4.5 6.0 
Collection tank drain 1.0 0.8 0.5 0.9 0.5 0.8 0.9 0.9 1.0 0.8 
Top Attraction flow 4.3 5.0 5.0 3.8 5.7 6.7 4.7 2.9 3.5 5.3 
Bottom Attraction flow 27.0 25.0 24.0 26.0 23.0 21.0 24.0 23.0 22.5 21.0 
           
Total Attraction Flow 32.3 30.7 29.5 30.7 29.2 28.5 29.6 26.8 27.0 27.0 
           
Overall Attraction Flows 63.8 63.0 61.7 62.9 59.1 57.4 61.6 56.3 57.1 58.1 

* Cleaned pump, manifold, and hoses to increase flow 
  



MUDDY RUN PUMPED STORAGE PROJECT - FERC PROJECT NUMBER 2355 

 30 Normandeau Associates, Inc. 

Table 5.0-1: Comparison of Octoraro Creek Eel Ramps, 2015-2019 

Watershed area     540 km2 
Approximate Distance from Ocean to ramp 341 km 
 

  2015 2016 2017 2018 2019 Average 
Eels Collected 7,197 21,094 11,347 4,203 14,170 11,602 
Average Size (mm) 129.4 130.9 135.4 141.6 129.9 133.4 
Range of Sizes (mm) 95-232 99-202 99-245 100-259 93-252   
Days of Operation 89 138 138 135 138 127.6 
Average eels per day 80.9 152.9 82.2 31.1 102.7 90 
Average creek flow (cfs) 180.9 121.3 138.0 411.0 240.0 218.2 
Range of flows (cfs) 60-1,490 43-512 51-557 88-2,370 63-1,610   
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Figure 2.0-1: Lower Octoraro Creek from Pine Grove Dam to the Mouth at the 
Susquehanna River, Octoraro Creek (Stone Masonry Dam also Known as 

Pine Grove Low-Head Dam) 
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Figure 2.0-2: Location of the Juvenile Eel Collection Facility on South Shore (Left Bank) Of Octoraro Creek Downstream of 
Art Building 
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Figure 2.0-3: Peak Timing of Historical Eel Collections at USFWS* Eel Passage at Conowingo, 2008-2016 

 
 

*Data from the USFWS, Minkkinen and Park 2014 and personal communication with USFWS, Christopher Reily, October 27, 2016



MUDDY RUN PUMPED STORAGE PROJECT - FERC PROJECT NUMBER 2355 
 

 34 Normandeau Associates, Inc. 

Figure 3.1-1: Hinged Cover over Spray Bar to Decrease Light inside the Eel Ramp, 
Octoraro Creek Eel Facility, 2019  
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Figure 3.1-2: Submersible Pump for Attraction Flow, Octoraro Creek Eel Facility, 
2019 
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Figure 3.1-3: Larger Water Line Placed Underground, Octoraro Creek Eel Facility, 
2019 
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Figure 3.1-4: Upgraded Manifold and Attraction Line, Octoraro Creek Eel Facility, 
2019 
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Figure 3.1-5: Larger Upgraded Collection Tank, Octoraro Creek Eel Facility, 2019 
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Figure 3.1-6: Aerator Powered by a Marine Battery and Charged by a solar Panel, 
Octoraro Creek Eel Facility, 2019 
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Figure 3.2-1: Measuring Juvenile Eels to Nearest Millimeter While Sedated, Octoraro 
Creek Eel Facility, 2019 
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Figure 3.2-2: Weighting Juvenile Eels in Grams While Sedated, Octoraro Creek Eel 
Facility, 2019 
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Figure 3.3-1: Small Eel Transport Tank, Octoraro Creek Eel Facility, 2019 
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Figure 4.1-1: Daily Eel Catch, Octoraro Creek Eel Facility, 2019 
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Figure 4.3-1: Percent Eel Catch per Week, Octoraro Creek Eel Facility, 2019 
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Figure 4.5-1: Daily Eel Catch and Daily Average Creek Flow (cfs, top graph) and Weekly Eel Catch and Weekly Average 
Creek Flow (cfs, bottom graph), Octoraro Creek Eel Facility, 2019 
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Figure 4.5-2: Eel Catch to Lunar Fraction (Daily above, Weekly Average below), Octoraro Creek Eel Facility, 2019 (1.0 
Equals Full Moon) 
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Figure 4.5-3: Eel Catch to Water Temperature (Daily above, Weekly Average below), Octoraro Creek Eel Facility, 2019 
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Figure 4.5-4: Comparison of Dissolved Oxygen Readings in Collection Tanks and Head Pond, Octoraro Creek Eel Facility, 
2019 
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Figure 4.5-5: Eel Catch to Dissolved Oxygen (Daily above, Weekly Average below), Octoraro Creek Eel Facility, 2019 
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Figure 5.0-1: Cobble/gravel Outcrop Downstream of the Eel Ramp Entrance, Octoraro Creek Eel Facility, 2019 
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Figure 5.0-2: Weekly Catch and Average Creek Flow, Octoraro Creek Eel Facility, 2015-2019 
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Appendix A:  
Conceptual Design of Trapping Facility on South Shore 

of Octoraro Creek, 2015 
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Appendix B:  
Weekly Biological Data and Environmental Conditions 

for Octoraro Creek, 2019
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Weekly Eel Catch Data, 2019 
Week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
Octoraro Eels 1 9 5 3 9 20 144 12 36 73 2244 8266 2874 391 42 5 19 12 4 1 0 
Creek flow (cfs, weekly avg.) 279 400 530 277 240 189 319 174 203 208 444 197 435 186 172 142 122 126 100 92 88 
Lunar Fraction, (weekly 
avg.) 

0.07 0.16 0.80 0.85 0.29 0.09 0.69 0.93 0.43 0.06 0.57 0.96 0.58 0.07 0.44 0.95 0.71 0.12 0.31 0.89 0.99 

Water temp (°C, weekly 
avg.) 

15.5 16.1 14.6 15.7 17.9 19.9 20.0 20.5 21.6 23.0 23.1 23.4 23.7 23.7 23.9 23.9 24.0 23.1 22.9 22.4 22.5 

Dissolved Oxygen (mg/L, 
weekly avg.) 

9.73 9.36 10.18 10.05 9.26 8.75 8.29 8.52 7.14 6.32 6.13 5.72 6.17 6.29 5.89 5.41 5.87 4.69 5.13 4.93 4.63 

Percent of Catch 0.01 0.06 0.04 0.02 0.06 0.14 1.02 0.08 0.25 0.52 15.84 58.33 20.28 2.76 0.30 0.04 0.13 0.08 0.03 0.01 0.00 
Conowingo Eels 6 4616 2237 1774 9359 2097 1706 2187 2056 39685 3076 3141 5210 3213 1158 38115 3160 3135 192 40 18 

 
 Wk 1: May 1 - May 4    Wk 11: July 7 - July 13 
 Wk 2: May 5 - May 11    Wk 12: July 14 - July 20 
 Wk 3: May 12 - May 18    Wk 13: July 21 - July 27 
 Wk 4: May 19 - May 25    Wk 14: July 28 - August 3 
 Wk 5: May 26 - June 1    Wk 15: August 4 - August 10 
 Wk 6: June 2 - June 8    Wk 16: August 11 - August 17 
 Wk 7: June 9 - June 15    Wk 17: August 18 - August 24 
 Wk 8: June 16 - June 22    Wk 18: August 25 - August 31 
 Wk 9: June 23 - June 29    Wk 19: September 1 - September 7 
 Wk 10: June 30 - July 6    Wk 20: September 8 - September 14 
       Wk 21: September 15    
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Appendix C:  

Weekly Data for 2015-2019 
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Weekly Eel Catch Data (2015-2019) 

2015 Week       7 8 9 10 11 12 13 14 15 16 17 18 19 20 
2015 Octoraro Eels       183 1458 1524 1819 765 240 273 271 258 50 42 13 194 107 
2015 Creek flow (cfs)       222.8 225.9 564 228.6 179.7 131 141.9 108.1 111.1 130.4 91.9 70.6 130.6 221.7 
2015 Lunar Fraction       0.05 0.48 0.94 0.57 0.05 0.33 0.89 0.69 0.09 0.2 0.8 0.8 0.18 0.01 
2015 Water temp (°C)       25.1 23.3 22.7 24.4 24.5 25.3 25.7 25 24.3 24.3 22.8 24.9 23.3 19 
Dissolved Oxygen (mg/L)       6.7 7 8.8 7.3 5.1 4.5 4.1 3.3 3.1 5.1 4.3 3.5 5.4 6.8 
Percent of Catch       2.5 20.3 21.2 25.3 10.6 3.3 3.8 3.8 3.6 0.7 0.6 0.2 2.7 1.5 
Conowingo Eels       2439 8200 5400 3166 4930 1794 284 190 128 327 469 267 59  

2016 Week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
2016  Octoraro Eels 23 13 58 585 4124 4243 431 516 323 183 97 90 121 9540 443 28 247 25 2 2 
2016 Creek flow (cfs) 271.7 211.9 145.9 153 158.7 164.7 120.4 112.3 111.4 97.6 76 73.7 106.1 226.3 98.1 61.6 62.7 61.4 59.7 46.6 
2016 Lunar Fraction 0.1 0.27 0.85 0.86 0.24 0.15 0.74 0.93 0.35 0.08 0.6 0.95 0.48 0.05 0.45 0.94 0.6 0.06 0.31 0.83 
2016 Water temp (°C) 14.5 14.9 15.8 19.3 23.9 22.7 22.8 24.3 24.5 25.7 26.2 27.2 27.7 25.4 26.7 26.7 24.3 24.8 24.8 23.4 
Dissolved Oxygen (mg/L) 9.8 10 9.1 7.8 5.3 5.4 6.9 6.3 5.6 5.9 5.6 5 4.7 3 3.9 3.7 3.8 4.4 4 3.8 
Percent of Catch 0.1 0.1 0.3 2.8 19.6 20.1 2.0 2.4 1.5 0.9 0.5 0.4 0.6 45.2 2.1 0.1 1.2 0.1 0.0 0.0 
Conowingo Eels    5 95 100 113 353 252 247 1061 280 26 25 53 14 31 20 6 3 

2017 Week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
2017 Creek flow (cfs) 142.8 144 178.1 167.4 119.9 84.3 57.6 123.3 121.6 106.3 195.4 133.7 150.3 117.7 140.7 225.4 140.7 122.9 190.3 110.2 
2017 Lunar Fraction 0.56 0.96 0.66 0.09 0.37 0.92 0.78 0.16 0.24 0.84 0.88 0.26 0.14 0.72 0.94 0.38 0.07 0.58 0.96 0.56 
2017 Water temp (°C) 17.4 14.2 18.8 18.2 18.9 20.2 21.6 24.4 24.9 25.7 25.6 26.9 26.2 25.2 24.1 24 23.3 20.2 20.5 20.4 
Dissolved Oxygen (mg/L) 9.5 8.3 7.5 7.5 6.4 5.7 4.4 4.9 5.1 4.5 2.3 5.1 5 4 4.5 5 3 4 6.3 5.5 
Percent of Catch 0.2 0.1 0.1 0.3 0.2 0.1 0.0 0.5 13.8 0.2 0.1 62.3 3.7 0.4 0.1 0.6 15.8 0.1 1.3 0.1 
Conowingo Eels 4387 151 1224 5384 2196 1761 5199 23318 8090 799 1503 1432 15435 32524 13130 2654 2931 88 51 43 

2018 Week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
2018 Octoraro Eels 5 31 2072 101 115 407 55 3 4 0 1 11 464 29 393 343 73 5 69 22 
2018 Creek flow (cfs) 185 143 822.6 484.1 327.9 519 345.1 231.3 195.7 150.9 123.3 143.9 655.6 254.3 315.7 661.9 634 492.1 520.4 943 
2018 Lunar Fraction 0.89 0.4 0.06 0.6 0.96 0.55 0.06 0.47 0.95 0.69 0.1 0.34 0.91 0.8 0.18 0.22 0.82 0.89 0.29 0.12 
2018 Water temp (°C) 15.3 15.9 18.4 19.4 21.4 20.5 20.8 22.6 22.5 25.6 25.5 25.3 24.6 24.9 25.9 25.2 23.2 25.3 24.6 18.2 
Dissolved Oxygen (mg/L) 8.8 7.7 7.5 9.4 7.9 8.1 7.4 6.8 7 6.6 6.5 7.1 7.5 6.5 6.2 6.5 5.8 6.4 6.1 10.2 
Percent of Catch 0.1 0.7 49.3 2.7 2.7 9.7 1.3 0.7 0.1 0.0 0.0 0.3 11.0 0.7 9.4 8.2 1.7 0.1 1.6 0.5 
Conowingo Eels  7 6443 6879 197 398 1316 462 657 1077 6020 3175 1029 7986 20965 5262 3948 1870 165 73 20 

(continued) 
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(Continued) 
 

2019 Week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
2019 Octoraro Eels 1 9 5 3 9 20 144 12 36 73 2244 8266 2874 391 42 5 19 12 4 1 0 
2019 Creek flow (cfs) 279 400 530 277 240 189 319 174 203 208 444 197 435 186 172 142 122 126 100 92 88 
2019 Lunar Fraction 0.07 0.16 0.80 0.85 0.29 0.09 0.69 0.93 0.43 0.06 0.57 0.96 0.58 0.07 0.44 0.95 0.71 0.12 0.31 0.89 0.99 
2019 Water temp (°C) 15.50 16.10 14.60 15.70 17.90 19.90 20.00 20.50 21.60 23.00 23.10 23.40 23.70 23.70 23.90 23.90 24.00 23.10 22.90 22.40 22.50 
Dissolved Oxygen (mg/L) 9.73 9.36 10.18 10.05 9.26 8.75 8.29 8.52 7.14 6.32 6.13 5.72 6.17 6.29 5.89 5.41 5.87 4.69 5.13 4.93 4.63 
Percent of Catch 0.01 0.06 0.04 0.02 0.06 0.14 1.02 0.08 0.25 0.52 15.84 58.33 20.28 2.76 0.30 0.04 0.13 0.08 0.03 0.01 0.00 
Conowingo Eels 6 4616 2237 1774 9359 2097 1706 2187 2056 39685 3076 3141 5210 3213 1158 38115 3160 3135 192 40 18 
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Eel Catch (Collection) to Creek Flow (2015-2019) 
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Eel Catch (Collection) to Lunar Fraction (2015-2019) 
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Eel Catch (Collection) to Water Temperature (2015-2019) 
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 Appendix D:  
Correspondence to Make Octoraro Creek Eel Facility 

Permanent 
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 Appendix E:  
Agency Comments on Draft 2019 American Eel 

Collection Facility in Octoraro Creek 
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