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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.  Under this FERC review, and pursuant to the WQC, Exelon is currently consulting with 

the PADEP to determine a schedule to install and operate a permanent eel trapping facility at this 

location.  

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 2018 field investigation:  

 Reinstall an eel collection facility on Octoraro Creek immediately downstream of Chester 

Water Authority’s (CWA) Pine Grove Low-Head Dam; 

 Operate, maintain, and monitor the eel collection facility (daily or as needed basis) from 

May 1 through September 15, 2018; 

 Collect catch and length data (by substrate type), water quality, stream flow, and moon 

phase data during the entire sampling period; 

 Stock at designated sites or deliver eels collected by the ramps 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;  

 Document any modifications made to the facility during the course of the season to improve 

functionality and eel attraction capability. 

The facility was installed and placed in service on May 1, 2018. The facility operated a total of 135 

days from May 1 to September 15, with monitoring checks occurring on 86 days. 

A total of 4,203 juvenile eels were collected; 2,087 from the Enkamat substrate and 2,116 from the 

Milieu substrate. The greatest number of juvenile eels were collected during a one-day sample on 

May 16 (1,136 eels and comprised 27.0% of the season total). A single peak occurred between May 

14 and 16, accounting for 1,935 of the 4,203 (46.0%) juvenile eels collected at the facility. Four 

sporadic eel collections (June 2, July 25, August 5, and August 18) accounted for 5.3 to 7.4% of the 
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eels collected for the season. Over 70% of the juvenile eels collected at this facility occurred during 

these sporadic collections and the peak period, 7 days (2,969 of the 4,203 eels, 70.6%). 

Creek flow and juvenile eel catch appeared to be directly related during the 2018 season. When 

flows increased, the number of juvenile eels collected also increased. The largest peak in capture 

occurred during periods of relatively low lunar fraction (new moons), which co-occurred with 

increases in creek flow. 

A total of 4,203 juvenile eels collected at the facility were transported within 48 hours of capture to 

the CECF at Conowingo Dam where they were held before transport. No eels died at the facility or 

during transport during the 2018 season (100% survival). 

Cleaning and calibration of the facility was performed weekly, except two weeks because of high 

creek flows. 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 or changed as needed during 

the season. 

  



MUDDY RUN PUMPED STORAGE PROJECT - FERC PROJECT NUMBER 2355 

 

 vii 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 2018 field investigation:  

 Reinstall an eel collection facility on Octoraro Creek immediately downstream of CWA’s Pine 
Grove Low-Head Dam; 

 Operate, maintain, and monitor the eel collection facility (daily or as needed basis) from 
May 1 through September 15, 2018; 

 Collect catch and length data (by substrate type), water quality, stream flow, and moon 
phase data during the sampling period; 

 Stock at designated sites or deliver eels collected by the ramps 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; 

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

                                                           
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.  Under this FERC 

review, and pursuant to the WQC, Exelon is currently consulting with the PADEP to determine a 

schedule to install and operate a permanent eel trapping facility at this location. 
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3 Methods 

3.1 Design, Construction, and Installation of Facility 

The 2018 trapping facility design was identical to the 2015, 2016, and 2017 temporary trapping 

facility (Appendix A, Normandeau Associates and Gomez and Sullivan 2015, 2016, and 2018a). 

Complete designs descriptions can be found in Section 3: Methods in the Normandeau Associates 

and Gomez and Sullivan 2018a report. 

3.2 Data Collection  

All sample data, including eel counts and lengths were recorded, verified, tabulated, and entered 

into an electronic format for each ramp. Water quality and environmental conditions (including 

stream flow, moon phase, and weather condition) were also recorded, verified, tabulated, and 

entered into an electronic format during each sampling event.  

Length measurements were taken, with a maximum of 25 individuals per substrate (when available) 

per sampling event. Eels were measured to the nearest millimeter (mm) after being anesthetized 

(Figure 3.2-1). Actual counts of eels from each substrate collection tank were performed during the 

2018 season.  

Water quality, temperature and dissolved oxygen (DO), was measured in each of the collection 

tanks, 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. A Hobo Water Temp Pro© monitor 

was also installed inside the water supply manifold that recorded hourly water temperature. The 

Hobo monitor was downloaded at season end. 

3.3 Juvenile Eel Transport 

All juvenile eels that were captured from 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 50 eels were collected during a sampling event, the eels were transported in aerated 

19-liter (L) buckets with lids that contained the maximum amount of water to prevent sloshing. 

When counts of juvenile eels were greater than 50 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. 
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4 Results 

The Exelon juvenile eel trapping facility on Octoraro Creek was installed and put into service May 1 

until September 15, 2018.The facility operated 135 days with monitoring checks occurring on 86 

days. The period of time from August 13-16 electrical power was off due to a transformer 

replacement causing the facility to have no running water. Daily checks were initially scheduled, but 

due to low numbers of individuals (<100 juvenile eels per collection tank/per day) during portions of 

the sampling season, every other day checks were instituted with the concurrence of the EPAG. The 

every other day checks occurred from May 12-May 14, May 21-June 4, June 6–July 24, July 28-

August 12, August 16-18, and August 19 through season end (September 15). The greatest number 

of juvenile eels was collected on May 16 (1,136 eels and comprised 27.0% of the season total). A 

total of 4,203 juvenile eels were collected during the 2018 season (Table 4.0-1).  

4.1 Juvenile Eel Collection and Length Distribution by Substrate Type 

Enkamat 

Of the 4,203 juvenile eels collected, 49.7% (2,087 eels) were caught in the ramp containing Enkamat 

substrate (Table 4.1-1). The average length of 688 juvenile eels that were caught and measured 

from this substrate was 135 mm, with a median size of 134 mm. The length of juvenile eels ranged 

from 100-178 mm. No juvenile eels measured less than 100 mm and two eels measured greater 

than 175 mm (Table 4.1-2). The highest one-day total of 469 juvenile eels occurred on May 16 (Table 

4.0-1). For the 2018 season, only seven (roughly 8%) of the monitoring checks for the Enkamat 

substrate recorded juvenile eel numbers greater than 100 individuals.  

Milieu 

A total of 2,116 (50.3% of 4,203) juvenile eels were collected in the ramp with the Milieu substrate 

(Table 4.0-1 and Table 4.1-1). The average length of 608 juvenile eels caught and measured by this 

substrate was 149 mm, with a median size of 146 mm. The smallest eel caught was 114 mm; the 

largest was 259 mm (Table 4.1-1). No juvenile eels using this substrate measured less than 100 mm, 

but 40 juvenile eels measured greater than 175 mm (Table 4.1-2). The highest one-day collection of 

juvenile eels occurred on May 16 with 667 individuals (Table 4.0-1). For the 2018 season, only five 

(roughly 6%) of the monitoring checks for the Milieu substrate recorded juvenile eel numbers 

greater than 100 individuals.   

4.2 Juvenile Eel Collection by Week 

The majority (49.3%, 2,072 individuals) of the juvenile eels were caught during Week 3 (May 13-19, 

Table 4.2-1 and Figure 4.2-1). A total of 854 juvenile eels were collected in the Enkamat substrate 

during this week, accounting for 40.9% of the season total for that substrate type. A total of 1,218 

juvenile eels were collected from the Milieu substrate during the same week accounting for 57.6% 

of the total eels collected during the season for that substrate type. 

Week 13 (July22-28), Week 6 (June 3-9), and Week 15 (August 5-11) of sampling collected the next 

greatest percentage of eels, 11.0% (464 individuals), 9.7% (407 individuals) and 9.4% (393 

individuals), respectively (Table 4.2-1 and Figure 4.2-1).Weeks 16, 4, and 5 ranked fifth, sixth, and 

seventh, respectively, in numbers of eels caught and were the only three other weeks that collected 
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over 100 eels. Seven of the weeks (35%) collected less than 20 eels per week, which included the 

Weeks 1, 8-12, and 18. Weekly catch data are also provided in Appendix B. 

4.3 Peak Periods of Eel Collections 

During the season, there was one obvious peak period that occurred over a two or three day period. 

This peak period occurred between May 14 and 16, and accounted for 1,935 of the 4,203 (46.0%) 

juvenile eels collected at the facility (Table 4.0-1).  

Other than the peak period, four sporadic eel collection samples accounted for 5.3 to 7.4% of the 

eels collected for the season. Three of these four samples (June 2nd, August 5th, and August 18th) 

were every other day checks, and the July 25th sample was a daily check. Over 70% of the juvenile 

eels collected at this facility occurred during the peak period and the four sporadic checks, 7 days 

(2,969 of the 4,203, 70.6%).  

4.4 Juvenile Eel Catch in Relation to Environmental Factors 

See Appendix B for weekly averages of juvenile eel capture, river flow, lunar fraction, water 

temperature, and DO. 

Creek Flow 

Creek flow and juvenile eel catch appeared to be directly related during the 2018 season. When 

flows increased, the number of juvenile eels collected also increased. The United States Geological 

Survey (USGS) 01578475 Octoraro Creek near Richardsmere, MD gage is located approximately 21 

kilometers (km) downstream of CWA’s Pine Grove Low-Head Dam. The highest daily average creek 

flow value per the USGS gage station occurred on August 13, 2018 (2,370 cubic feet per second, cfs, 

Table 4.4-1). During the 2018 season, the daily average Octoraro Creek flow value was above 1,000 

cfs recorded on seven days, three days over 2,000 cfs. Week 3 had the second highest average 

weekly flows (822.6 cfs) and recorded 2,072 juvenile eels collected, the greatest number of eels 

captured in a single week (Figure 4.4-1). Two of the lowest daily average creek flow weeks (Weeks 

10 and 11) 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 Cycle 

The largest peak in eel abundance (Week 3) also occurred near the new moon (Table 4.4-2 and 

Figure 4.4-2, U.S Naval Observatory website 2018). During Weeks 7 and 11, ranked second and third 

darkest weeks, only 55 and 1 eel, respectively were captured. Increases in stream flow and the 

lower illuminance associated with a new moon have been reported to be 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 

study, the average weekly water temperature ranged from a high of 25.9°C during Week 15 to a low 

of 15.3°C during Week 1 (Table 4.4-3 and Figure 4.4-3). The Hobo Water Temp Pro monitor was used 

for the daily average temperature. 
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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 20, except during the high eel collection day of 

May 16 (Figure 4.4-4). Detailed DO readings are presented in Table 4.4-4 and Table 4.4-5 and weekly 

averages are displayed in Figure 4.4-5. Measurements of DO were usually taken in the morning 

when the lowest DO would be more likely to be observed. 

4.5 Juvenile Eel Transport and Mortality 

See Table 4.5-1 for detailed information of transport, and mortality data. 

Transport 

Juvenile eels collected at the Octoraro Creek eel facility were transported within 48 hours of 

capture. Transport time from Octoraro Creek Eel Facility to the CECF at Conowingo Dam was about 

30 minutes.  

Mortality 

Of the 4,203 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. Injuries were 

observed on two eels from the Milieu collection tank during the 2018 season, one eel had a bruise 

around mid-body (May 23) while another eel had a sore around the vent (August 18).  

4.6 Quality Control Activities 

Cleaning and calibration activities were conducted at least weekly during the season, except for two 

different weeks. 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 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 

4.6-1. 

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 was exchanged six times 

during the 2018 season. The pump was exchanged with the same horsepower and model 

submersible pump on May 18, June 14, July 24, and August 16, 2018. The two other times it was 

exchanged with a larger, one horsepower submersible pump on September 2 and 11. Three of the 

above exchanges (May 18, September 2, and 11) occurred after high flow events that left the barrel 

and the pump out of water causing the pump to overheat. When a pump was exchanged, the inside 
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of the barrel was cleaned of caddisfly casings and biofilm. The attraction flow hoses were replaced 

or snaked clean on two days when the pump was replaced. On four other occurrences (May 23, June 

6, July 6, and August 8), the hoses were cleaned without exchanging the pump. 

Calibrations were not performed during two weeks of the season due to high creek flows. Between 

May 14-18 and August 20-24, the creek flow was too high to calibrate the eel facility. The additional 

attraction flows at the entrance of the ramp were underwater and it was unsafe to obtain flows 

during these weeks. 

Volumetric eel estimates were not performed at the juvenile eel facility at Octoraro Creek in 2018 

since daily eel collections were relatively light during the sample period. 

4.7 Other Species Caught 

Three additional aquatic species were caught in addition to American Eel. Four River Crayfish 

(Cambaridae family) were netted from the collection tank of the Enkamat substrate on four 

occasions during the season. Fourteen River Crayfish were netted from the collection tank of the 

Milieu substrate on ten occasions during the season. A Green Frog (Lithobates clamitans) was also 

removed from the Enkamat substrate collection tank on May 2, 2018. A Stinkpot Turtle 

(Sternotherus odoratus) was removed from the Milieu substrate collection tank on June 26, 2018.  
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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 67,949 eels compared to the Octoraro Creek eel 

facility that captured 4,203 juvenile eels during the 2018 season. With both ramps operating 

simultaneously, the Octoraro Creek facility captured roughly 6% 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 84-173 mm with an average length of 121.6 mm (Normandeau 

Associates, Inc. 2018). The size of the juvenile eels caught in the ramp with the Enkamat substrate at 

the Octoraro Creek eel facility was similar with a size range of 100-178 mm and an average length of 

135 mm. Juvenile eels that were captured using the Milieu substrate were larger (average size 149 

mm), but this substrate did not capture any eels under 114 mm and captured eels as large as 259 

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 facility to the CECF. 

The attraction flow to the ramps during the season was less than the design specifications for the 

system although the pump was sized to meet the specified parameters. The design specifications of 

the ramps were to have a total attraction flow of 210-230 L/min, (55-60 gpm) and the actual total 

attraction flows were between 17.4 and 25.0 gallons per minute (average 21.6 gpm). The distance 

that the pump must push the source water to the facility may be the reason for the lower attraction 

flow volume. The hardiness of this species and its ability to adjust to parameters outside of those 

developed was evidenced by the numbers captured here.  

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

cleaned, hoses inspected, and spray bars checked 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 helped maintain a more consistent attraction flow. 

Water temperature and DO readings were taken on sample days 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 tanks prior to the installation of the aerator which 

occurred on June 20, 2018 except during the high eel collection day of May 16, 2018 (Table 4.4-4 

and Table 4.4-5).  

The average creek flow value per the USGS gage station was considerably higher in 2018 than the 

prior three years. The average creek flow in 2018 was 411 cfs compared to the average creek flow 

value of 167, 121, and 138 cfs in 2015, 2016, and 2017, respectively (Table 4.4-1 and Normandeau 

Associates and Gomez and Sullivan 2015, 2016, and 2018a). From 2015-2017 the daily average creek 

flow only reached above 1,000 cfs once (in 2015) compared to nine times in 2018. In 2018, the daily 

average creek flow was below 100 cfs for only four days compared to 24, 65, and 46 days in 2015, 

2016, and 2017, respectively. Similar to the 2015 and 2017 season, the small hydro was operated 

earlier in the year than later. CWA operated this facility on 23 of the 86 monitoring check days this 

year, but not after July 2 (Table 4.0-1). With the creek flow well above normal on some monitoring 

check days, water was flowing across the entire dam all season (Appendix A). With the higher 
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average creek flow in 2018 the ramp entrance was farther out into the flow and deeper in the water 

column compared to previous years.  

Since 2015, when the flow in the creek has increased, the catch of juvenile eels has also increased 

within a few days of the flow increase. The average creek flow in 2018 was substantially greater 

than any other year and has a larger range of creek flow throughout the season (Table 5.0-1). Figure 

5.0-1 shows comparison of 2015 through 2018 weekly catch and average creek flow data. In 2016, 

2017, and 2018 the high flow events co-occurred with a new moon phase. See Appendix C for 

additional weekly data comparing 2015, 2016, and 2017. During the 2018 Octoraro Creek eel 

season, Octoraro Creek had a higher than normal creek flow (Figure 5.0-2). The creek flow during 

the season very rarely fell below the median creek flow. A pulse of eels was evident in the collection 

tanks at the eel facility shortly after an episode of increased flow in early May. The average size of 

eels has also increased over the four years by twelve mm (129.4 to 141.6 mm), and about six mm 

over the last year, Table 5.0-1). The Octoraro Creek eel ramp caught juvenile eels less than or equal 

to 100 mm every year. The size range of these eels has been roughly the same except some much 

larger eels were captured in 2017 and 2018 with the Milieu ramp.  

During the 2018 season the Octoraro facility was interrupted with short term breaks in operation. A 

transformer was replaced from August 14-16 that powers the CWA water treatment plant (plant); 

the plant was under generator power during this time. 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. Eels were removed on August 13 and the pump was unplugged and left this 

way until we were allowed to reenter the area on August 16. On August 27, the eel facility was out 

of power from 0900 to 1200 hours due to the plant operating on generators for a PADEP air quality 

inspection. From August 28 to 30, the plant was on generator power from 0600 to 1500 hours for a 

reactor removal project. The pump was not unplugged from August 27 to 30, so when power was 

restored to the left bank of Octoraro Creek the attraction flow was automatically restarted. One 

additional interruption in power to the left bank of the Octoraro Creek occurred on July 26 from 

0755 to 1500 hours, when power was shut off to inspect the transformer. The facility was inspected 

at 1530 hours to insure water was supplying the eel facility. Three high flow events (May 18, 

September 1, and September 9) caused the screened barrel and pump to be dislodged from the 

forebay resulting in lost attraction flow to the eel facility when the water receded. When the eel 

facility was checked soon after these high flow events the pump was replaced when flows allowed 

for a safe exchange. No mortality was observed due to the above events in 2018.



MUDDY RUN PUMPED STORAGE PROJECT - FERC PROJECT NUMBER 2355 

 

 10 Normandeau Associates, Inc. 

6 Next Steps 

The next steps for the Octoraro Creek Eel Facility is dependent on the agreement between Chester 

Water Authority and Exelon.  See Appendix D for individual correspondence associated with the 

chronical timeline listed below. 

 May 18th: Suggested Modifications to the Octoraro Eel Ramp for Conversion to a Permanent 
Facility; 

 May 25th: Alex Haro’s Octoraro Eel Pass Review; 

 July 18th: Letter sent to Sharon Fillman (CWA) and passed onto CWA’s legal team for review 
and comment; 

 October 31st: Meeting between CWA, Exelon, and Exelon’s legal team to discuss the 
upgrades; 

 
The comments from the discussion on October 31, 2018 meeting will be reviewed by CWA’s board 
of directors. The CWA has requested that Exelon provide more detailed drawings of the facility 
upgrades and a power point presentation during their monthly board meeting in December 2018.
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8 Tables and Figures 
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Table 4.0-1: Daily Number of Juvenile Eels Caught by Substrate 

Date 

Substrate Type 

Total Enkamat Milieu 

5/1/2018 - - - 

5/2/2018 - - - 

5/3/2018 * - - - 

5/4/2018 * 4 - 4 

5/5/2018 * 1 - 1 

5/6/2018 * 3 - 3 

5/7/2018 5 1 6 

5/8/2018 * 4 1 5 

5/9/2018 * 1 - 1 

5/10/2018 * 4 - 4 

5/11/2018 * 5 3 8 

5/12/2018 * 4 - 4 

5/14/2018 * 154 287 441 

5/15/2018 169 189 358 

5/16/2018 469 667 1136 

5/17/2018 7 28 35 

5/18/2018 1 - 1 

5/19/2018 * 54 47 101 

5/20/2018 * 29 7 36 

5/21/2018 14 3 17 

5/23/2018 18 5 23 

5/25/2018 13 12 25 

5/27/2018 3 10 13 

5/29/2018 40 15 55 

5/31/2018 17 7 24 

6/2/2018 13 10 23 

6/4/2018 162 105 267 

6/5/2018 18 19 37 

6/6/2018 5 12 17 

6/8/2018 45 41 86 

6/10/2018 * - - - 

6/12/2018 * 12 26 38 

6/14/2018 * 8 1 9 

6/16/2018 - 8 8 

6/18/2018 * - - - 

6/20/2018 * - - - 

6/22/2018 * 2 1 3 

6/24/2018 * - - - 

6/26/2018 * - - - 

6/28/2018 * - - - 

6/30/2018 * 3 1 4 
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Table 4.0-1.  (Continued) 

 

Date 

Substrate Type 

Total Enkamat Milieu 

7/2/2018 * - - - 

7/4/2018 - - - 

7/6/2018 - - - 

7/8/2018 - 1 1 

7/10/2018 - - - 

7/12/2018 - - - 

7/14/2018 - - - 

7/16/2018 - - - 

7/18/2018 10 - 10 

7/20/2018 1 - 1 

7/22/2018 20 13 33 

7/24/2018 7 1 8 

7/25/2018 127 96 223 

7/26/2018 90 75 165 

7/27/2018 12 10 22 

7/28/2018 7 6 13 

7/30/2018 4 1 5 

8/1/2018 2 1 3 

8/3/2018 8 13 21 

8/5/2018 173 136 309 

8/6/2018 2 14 16 

8/8/2018 - 2 2 

8/10/2018 25 41 66 

8/12/2018 33 8 41 

8/13/2018 17 50 67 

8/16/2018 - - - 

8/18/2018 179 56 235 

8/19/2018 10 2 12 

8/21/2018 5 2 7 

8/23/2018 12 39 51 

8/25/2018 1 2 3 

8/27/2018 2 - 2 

8/28/2018 - - - 

8/29/2018 - - - 

8/30/2018 - - - 

8/31/2018 - - - 

9/1/2018 2 1 3 

9/3/2018 15 11 26 

9/4/2018 13 4 17 

9/5/2018 3 3 6 

9/7/2018 13 7 20 
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Table 4.0-1.  (Continued) 

 

Date 

Substrate Type 

Total Enkamat Milieu 

9/9/2018 6 8 14 

9/11/2018 - 2 2 

9/13/2018 1 4 5 

9/15/2018 - 1 1 

 2087 2116 4203 

* Indicates when hydro was operating 
Bolded numbers are peak days  
The peak periods are shown in boxes 
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Table 4.1-1: Number of Juvenile Eel Captured and Length Measurements 

Substrate Enkamat Milieu Total 

Number eels collected 2,087 2,116 4,203 

% per substrate 49.7% 50.3%  

    

Range on lengths (mm) 100 - 178 114 - 259  

Average length (mm) 135 149  

Number measured 688 608 1,296 
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Table 4.1-2: Juvenile Eel Length Frequency, 2018 

TL (mm) Enkamat Milieu Total 

90-94 - - - 

95-99 - - - 

100-104 3 - 3 

105-109 9 - 9 

110-114 16 1 17 

115-119 43 5 48 

120-124 79 12 91 

125-129 97 28 125 

130-134 116 67 183 

135-139 91 80 171 

140-144 88 88 176 

145-149 48 78 126 

150-154 37 60 97 

155-159 28 54 82 

160-164 15 33 48 

165-169 10 31 41 

170-174 3 25 28 

175-179 5 19 24 

180-184 - 7 7 

185-189 - 4 4 

190-194 - 5 5 

195-199 - 4 4 

200-204 - 2 2 

205-209 - - - 

210-214 - 1 1 

215-219 - - - 

220-224 - - - 

225-229 - 1 1 

230-234 - 1 1 

235-239 - - - 

240-244 - 1 1 

245-249 - - - 

250-254 - - - 

255-259 - 1 1 

Total 688 608 1,296 
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Table 4.2-1: Weekly Juvenile Eel Collection by Week and Ranks 

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

Enkamat 5 26 854 74 73 230 20 2 3 0 

Milieu 0 5 1218 27 42 177 35 1 1 0 

Total 5 31 2072 101 115 407 55 3 4 0 

Rank T-15 11 1 7 6 3 10 18 17 20 

# Sampling Days  5 7 6 4 4 4 4 3 4 3 

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

Enkamat 0 11 263 14 200 229 28 4 44 7 

Milieu 1 0 201 15 193 114 45 1 25 15 

Total 1 11 464 29 393 343 73 5 69 22 

Rank 19 14 2 12 4 5 8 T-15 9 13 

# Sampling Days  4 3 6 3 4 4 4 6 4 4 
Top 3 ranked weeks are shown in boxes. 

 
Wk 1: May 1 - May 5 Wk 11: July 8 - July 14 
Wk 2: May 6 - May 12 Wk 12: July 15 - July 21 
Wk 3: May 13 - May 19 Wk 13: July 22 - July 28 
Wk 4: May 20 - May 26 Wk 14: July 29 - August 4 
Wk 5: May 27 - June 2 Wk 15: August 5 - August 11 
Wk 6: June 3 - June 9 Wk 16: August 12 - August 18 
Wk 7: June 10 - June 16 Wk 17: August 19 - August 25 
Wk 8: June 17 - June 23 Wk 18: August 26 - September 1 
Wk 9: June 24 - June 30 Wk 19: September 2 - September 8 
Wk 10: July 1 - July 7 Wk 20: September 9 - September 15 
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Table 4.4-1: USGS 01578475 - Octoraro Creek at Richardsmere, MD Gage Flows (cfs) 

Day May June July August September 

1 212 280 169 166 1450 

2 203 538 160 197 441 

3 201 1180 158 217 357 

4 156 664 127 642 321 

5 153 440 138 438 292 

6 153 361 149 258 319 

7 152 324 155 245 303 

8 150 339 142 374 1610 

9 149 325 136 455 2170 

10 156 298 132 342 1340 

11 153 501 126 98 724 

12 88 460 118 282 731 

13 262 333 112 2370 766 

14 747 298 97 668 490 

15 523 270 93 557 379 

16 532 256 105 156  

17 2310 247 126 263  

18 611 239 286 337  

19 773 235 161 369  

20 766 221 124 776  

21 516 228 113 490  

22 471 222 349 1920  

23 546 227 1430 469  

24 409 229 737 308  

25 351 227 907 106  

26 330 203 583 191  

27 315 186 335 280  

28 304 160 248 280  

29 296 186 207 273  

30 284 179 181 264  

31 278  170 707  

      Bolded values represent the average river flows over 1,000 cfs 
     *Daily average river flows are represented in cubic feet per second (cfs) 
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Table 4.4-2: Fraction of Moon Illumination, 2018 EST (1.0 Equals Full Moon) 

Day May June July August September 

1 0.98 0.94 0.92 0.83 0.70 

2 0.95 0.88 0.86 0.75 0.60 

3 0.90 0.82 0.79 0.66 0.49 

4 0.84 0.74 0.71 0.56 0.38 

5 0.76 0.65 0.61 0.45 0.27 

6 0.68 0.56 0.51 0.34 0.17 

7 0.58 0.46 0.41 0.24 0.09 

8 0.49 0.36 0.31 0.15 0.03 

9 0.39 0.26 0.21 0.07 0.00 

10 0.30 0.17 0.12 0.02 0.00 

11 0.21 0.10 0.06 0.00 0.03 

12 0.13 0.04 0.01 0.01 0.08 

13 0.07 0.01 0.00 0.05 0.15 

14 0.02 0.00 0.02 0.11 0.24 

15 0.00 0.03 0.07 0.19 0.33 

16 0.01 0.08 0.14 0.29  

17 0.04 0.16 0.23 0.39  

18 0.10 0.26 0.33 0.49  

19 0.19 0.36 0.44 0.59  

20 0.28 0.47 0.54 0.68  

21 0.39 0.58 0.64 0.77  

22 0.51 0.68 0.73 0.84  

23 0.62 0.78 0.82 0.91  

24 0.72 0.85 0.88 0.95  

25 0.81 0.92 0.94 0.98  

26 0.88 0.96 0.98 1.00  

27 0.94 0.99 1.00 0.99  

28 0.98 1.00 1.00 0.97  

29 1.00 0.99 0.98 0.93  

30 1.00 0.96 0.95 0.87  

31 0.97  0.90 0.79  
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Table 4.4-3: Water Temperature (Daily Average, °C) HOBO Water Temp Pro 

Day May June July August September 

1 14.0 21.9 25.2 24.9 23.2 

2 14.6 21.9 25.1 24.5 24.1 

3 15.8 20.3 25.7 25.3 24.4 

4 16.0 20.6 25.4 25.3 25.1 

5 16.2 20.3 27.7 26.4 25.6 

6 14.5 20.3 26.1 27.3 25.3 

7 15.3 19.9 24.2 26.4 24.9 

8 16.2 20.2 24.8 25.7 22.7 

9 16.3 21.5 25.8 25.1 14.8 

10 15.7 21.1 27.2 24.8 16.3 

11 16.4 19.4 26.3 25.4 18.4 

12 16.8 19.7 24.5 25.2 19.0 

13 19.1 20.9 25.0 24.1 19.3 

14 18.0 22.2 24.6 * 19.4 

15 18.6 20.3 23.4 * 20.1 

16 19.6 22.0 26.2 25.6  

17 18.9 23.7 26.3 25.2  

18 17.7 24.2 26.0 25.3  

19 17.1 25.2 26.3 25.0  

20 18.4 22.0 25.9 23.8  

21 18.9 23.1 23.0 23.4  

22 18.2 20.6 23.8 23.0  

23 19.8 19.7 24.6 22.6  

24 20.0 23.8 24.6 22.4  

25 19.6 22.0 24.2 21.9  

26 20.8 20.4 25.2 22.7  

27 21.8 19.8 24.8 24.2  

28 20.9 22.6 25.2 28.0  

29 21.5 24.0 25.5 27.2  

30 21.0 24.7 24.4 27.2  

31 20.7  24.3 24.8  

*Ramp was out of service between 8/13 and 8/16, due to transformer replacement 
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Table 4.4-4: Dissolved Oxygen (mg/L) Reading Taken in Collection Tank 

Day May June July August September 

1 8.7   6.9 6.7* 

2 9.8 8.5 5.7   

3 8.6   5.9 4.1 

4 9 8.3 7.1  6.8 

5 8.1 9.1  6.2 6.4 

6 8.5 7.7 7.1 5.4  

7 6.8    7.0 

8 7.7 7.2 7.7 6.9  

9 7.8    * 

10 7.6 6.1 7.8 6.4  

11 7.4    10.2 

12 8.2 8.3 5.2 5.6  

13    7.8 10.0 

14 8.7 7.8 5.3   

15 7.2    10.3 

16 4.3 7.2 7.2 *  

17 8.8     

18 * 7.2 7.2 6.2  

19 8.5   7.0  

20 9.6 5.6 6.8   

21 9.5   6.3  

22  7.6 7.5   

23 9.6   4.7  

24  7.8 8.4   

25 9  7.2 5.0  

26  6.4 7.5   

27 8.8  7.3 6.3  

28  7.3 6.9 8.55*  

29 7.7   5.3*  

30  6.4 6.8 *  

31 6.7   5.0*  

* No water running when arrived or restarted pump 
Underlined is when aeration was started 
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Table 4.4-5: Water Quality Parameters at Associated Locations at Octoraro Creek, 
2018 

Date Time 

Enkamat Milieu Head Pond 

Temp DO Temp DO Temp DO 

5/1/2018 640 12.4 8.7 12.5 9.4 12.7 9.4 

5/2/2018 745 12.8 9.8 12.7 6.9 12.7 7.5 

5/3/2018 738 13.8 8.6 13.7 8.6 13.5 8.3 

5/4/2018 731 15.1 9.0 15.0 9.0 15.0 8.8 

5/5/2018 1115 15.3 8.1 15.2 8.3 15.2 8.9 

5/6/2018 738 14.4 8.5 14.4 8.6 14.4 7.9 

5/7/2018 816 14.0 6.8 13.9 7.6 14.0 6.7 

5/8/2018 745 14.1 7.7 14.1 7.9 14.1 7.0 

5/9/2018 845 14.5 7.8 14.4 7.9 14.4 7.3 

5/10/2018 1018 15.1 7.6 15.2 7.7 15.0 7.3 

5/11/2018 727 15.1 7.4 15.0 7.5 15.1 6.7 

5/12/2018 732 16.1 8.2 15.9 7.6 16.0 7.2 

5/14/2018 758 17.6 8.7 17.4 4.6 17.5 9.0 

5/15/2018 645 18.6 7.2 18.5 6.7 18.6 8.6 

5/16/2018 915 19.9 4.3 19.8 3.2 19.8 8.6 

5/17/2018 900 17.8 8.8 18.0 8.8 17.8 8.7 

5/19/2018 735 17.4 8.5 17.3 8.6 17.7 8.5 

5/20/2018 745 17.1 9.6 17.2 9.2 16.8 9.4 

5/21/2018 845 18.0 9.5 18.0 9.7 18.0 9.7 

5/23/2018 855 18.5 9.6 18.6 9.5 18.5 9.6 

5/25/2018 800 19.2 9.0 19.1 9.2 19.3 9.1 

5/27/2018 845 21.8 8.8 21.8 8.2 21.6 8.2 

5/29/2018 810 20.9 7.7 20.8 8.0 20.8 7.0 

5/31/2018 800 20.9 6.7 20.8 6.9 20.9 6.5 

6/2/2018 1045 22.0 8.5 22.4 8.4 21.4 8.8 

6/4/2018 1050 20.5 8.3 20.4 8.2 20.4 8.8 

6/5/2018 830 19.5 9.1 19.4 9.2 19.6 8.1 

6/6/2018 1120 20.5 7.7 20.6 7.7 20.4 7.4 

6/8/2018 800 20.0 7.2 20.0 7.2 20.1 7.3 

6/10/2018 830 21.7 6.1 21.7 6.2 21.7 6.1 

6/12/2018 950 20.1 8.3 20.2 8.1 19.9 7.7 

6/14/2018 925 20.8 7.8 20.8 8.1 20.7 7.5 

6/16/2018 900 20.2 7.2 20.2 7.4 20.3 6.8 

6/18/2018 900 21.7 7.2 21.6 7.2 21.2 5.8 

6/20/2018 743 21.4 5.6 21.3 6.1 21.2 3.8 

6/22/2018 830 21.7 7.6 21.7 7.8 21.5 4.9 

6/24/2018 1030 21.8 7.8 21.7 7.6 21.4 6.3 

6/26/2018 915 20.7 6.4 20.7 6.5 20.6 5.1 

6/28/2018 808 20.2 7.3 20.3 7.3 19.9 4.1 

6/30/2018 730 22.5 6.4 22.6 6.3 22.7 4.6 

7/2/2018 825 22.2 5.7 22.2 6.8 22.0 4.3 
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Table 4.4-5 (Continued) 
 

Date Time 

Enkamat Milieu Head Pond 

Temp DO Temp DO Temp DO 

7/4/2018 700 23.9 7.1 23.9 7.1 24.0 4.8 

7/6/2018 905 26.1 7.1 26.2 7.2 26.0 6.3 

7/8/2018 705 23.5 7.7 23.6 6.8 23.4 5.2 

7/10/2018 1030 25.6 7.8 25.7 7.8 24.7 6.1 

7/12/2018 900 24.7 5.2 24.4 6.7 24.8 4.0 

7/14/2018 738 23.7 5.3 23.6 6.1 23.8 3.7 

7/16/2018 855 24.5 7.2 24.5 7.2 24.5 5.2 

7/18/2018 800 26.0 7.2 25.9 7.4 26.4 6.6 

7/20/2018 745 24.9 6.8 25.1 6.4 25.2 4.2 

7/22/2018 738 24.0 7.5 24.1 7.4 24.2 6.7 

7/24/2018 1131 24.3 8.4 24.2 8.4 24.0 8.6 

7/25/2018 1145 24.1 7.2 24.0 7.1 24.0 6.3 

7/26/2018 945 23.9 7.5 23.8 7.4 23.8 5.4 

7/27/2018 815 24.5 7.3 24.6 7.5 23.9 6.1 

7/28/2018 745 24.5 6.9 24.5 7.0 24.6 6.6 

7/30/2018 830 24.8 6.8 24.9 6.3 24.9 5.4 

8/1/2018 900 24.9 6.9 25.0 6.8 24.5 6.6 

8/3/2018 855 25.1 5.9 25.1 6.1 25.0 4.9 

8/5/2018 730 25.2 6.2 25.1 6.2 25.2 5.4 

8/6/2018 900 25.6 5.4 25.5 5.6 25.5 4.7 

8/8/2018 810 24.3 6.9 24.3 6.7 24.2 6.8 

8/10/2018 740 24.0 6.4 24.0 6.3 24.1 5.6 

8/12/2018 740 26.4 5.6 26.3 5.8 26.6 4.7 

8/13/2018 827 22.5 7.8 22.6 7.8 22.3 7.7 

8/18/2018 800 25.0 6.2 25.0 6.4 25.0 5.4 

8/19/2018 740 25.1 7.0 25.2 7.1 25.2 7.2 

8/21/2018 920 23.5 6.3 23.5 6.5 23.4 4.4 

8/23/2018 820 22.3 4.7 22.3 5.1 22.5 4.6 

8/25/2018 730 21.2 5.0 21.3 5.1 21.5 4.4 

8/27/2018 1130 22.2 6.3 22.3 6.4 22.2 6.0 

8/28/2018 800 23.3 8.6 23.3 8.5 23.6 7.2 

8/29/2018 1140 28.2 5.3 28.2 5.3 24.8 6.2 

8/31/2018 800 25.1 5.0 25.1 5.2 25.1 5.2 

9/1/2018 730 23.4 6.7 23.5 6.8 23.5 5.5 

9/3/2018 930 23.7 4.1 23.6 4.2 23.5 9.5 

9/4/2018 800 23.5 6.8 23.4 6.7 23.8 6.8 

9/5/2018 1030 25.4 6.4 25.3 6.5 24.6 5.1 

9/7/2018 835 24.6 7.0 24.6 6.9 24.6 7.1 

9/11/2018 900 18.6 10.2 18.6 10.1 18.4 10.3 

9/13/2018 830 19.8 10.0 19.0 9.2 18.7 10.7 

9/15/2018 830 20.5 10.3 20.6 10.3 20.4 7.8 

 
*6/20/18, started using the aerator and continued until the end of the season 
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Table 4.5-1: Eel Transport/Stocking Data, 2018 

Location of Capture Collected 

Died in 

Collection  

Died in 

Holding  Transported 

Removed 

for Analysis 

Removed 

for SRBC Stocked 

Octoraro Creek Collection tanks 4,203 0 (0.00%)      

Transported to Conowingo Eel Collection Facility 4,203   0 (0.00%)   4,203 

Conowingo Collection tank 67,949 8 (0.01%) 2,176 (3.21%)  93 60 65,612 

Total Transported from Conowingo Eel Collection Facility 69,815   12 (0.02%)   69,803 

Bolded value is assumed as worst case, could be eels from Octoraro or Conowingo 
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Table 4.6-1: Calibration of Flows (Gallons per Minute) in the Eel Collection Facility, 
2018 

 DATE 

 4/30 5/4 5/11 5/23 * 5/29 6/6 * 6/14 ** 6/20 6/28 7/6 * 

Enkamat Ramp           

Spray bar 4.3 4.3 4.5 5.2 5.8 4.1 4.7 4.0 3.2 4.8 

Collection tank drain 1.6 1.0 0.8 1.3 0.4 0.4 0.8 0.6 0.4 0.5 

Top Attraction flow 2.7 3.3 3.7 3.8 5.3 3.7 3.9 3.4 2.7 4.3 

Bottom Attraction flow 7.4 5.9 6.9 6.6 6.2 6.7 6.7 5.5 7.1 5.4 

Total Attraction flow 11.7 10.3 11.4 11.8 12.0 10.7 11.4 9.5 10.3 10.2 

Milieu Ramp           

Spray bar 4.3 4.2 4.5 4.9 5.3 4.1 4.7 3.8 3.0 4.8 

Collection tank drain 1.1 0.8 0.6 0.4 0.4 0.4 0.5 0.6 0.4 0.5 

Top Attraction flow 3.2 3.4 3.9 4.5 4.8 3.6 4.2 3.2 2.6 4.3 

Bottom Attraction flow 7.2 8.1 7.1 8.2 7.4 8.1 7.4 7.4 8.0 5.3 

Total Attraction flow 11.5 12.3 11.6 13.0 12.7 12.2 12.1 11.2 11.0 10.1 

Overall Attraction flows 23.3 22.5 23.0 24.8 24.7 22.9 23.5 20.7 21.3 20.3 

Creek flows too high to calibrate (May 14-18), pump changed on 5/18 
* Cleaned hoses to increase flow 
** Pump was changed/cleaned to increase flow 
 

 DATE 

 7/12 7/18 7/24 ** 8/1 8/8 * 8/16 ** 8/31 9/5 ** 9/11 ** 

Enkamat Ramp          

Spray bar 3.1 4.2 4.6 4.6 4.2 5.4 5.3 5.5 4.9 

Collection tank drain 1.1 1.0 0.5 0.4 1.1 0.8 1.1 0.7 0.6 

Top Attraction flow 2.0 3.2 4.1 4.2 3.2 4.5 4.1 4.8 4.3 

Bottom Attraction flow 5.7 6.1 4.0 4.6 5.6 5.2 5.2 5.5 5.5 

Total Attraction flow 8.7 10.3 8.6 9.1 9.8 10.6 10.4 11.0 10.4 

Milieu Ramp          

Spray bar 3.2 4.4 4.7 4.6 4.3 5.2 5.2 5.4 5.1 

Collection tank drain 0.6 0.7 0.5 0.5 0.9 0.5 0.4 0.8 0.6 

Top Attraction flow 2.6 3.7 4.1 4.1 3.4 4.8 4.8 4.6 4.5 

Bottom Attraction low 7.8 5.4 4.1 3.7 5.7 5.4 5.3 5.6 9.5 

Total Attraction flow 10.9 9.8 8.8 8.3 10.0 10.6 10.5 11.0 14.5 

Overall Attraction flows 19.7 20.1 17.4 17.5 19.8 21.2 20.9 22.0 25.0 

Creek flows too high to calibrate (August 20-24) 
* Cleaned hoses to increase flow 
** Pump was changed/cleaned to increase flow 
Pumped changed on 9/2/2018 and 9/11/2018, 
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Table 5.0-1: Comparison of Octoraro Creek Eel Ramps, 2015-2018 

Watershed area  540 km2    

Approximate Distance from Ocean to ramp 341 km    

  2015 2016 2017 2018 Average 

Eels Collected 7,197 21,094 11,347 4,203 10,960 

Average Size (mm) 129.4 130.9 135.4 141.6 134.3 

Range of Sizes (mm) 95-232 99-202 99-245 100-259  

Days of Operation 89 138 138 135 125 

Average eels per day 80.9 152.9 82.2 31.1 86.8 

       

Average creek flow (cfs) 180.9 121.3 138.0 411.0 212.8 

Range of flows (cfs) 60-1,490 43-512 51-557 88-2,370  
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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 Passage at Conowingo, 2008-2016 
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Figure 3.2-1: Measuring Juvenile Eels to Nearest Millimeter While Sedated, Octoraro 
Creek 
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Figure 4.2-1: Percent Eel Catch per Week, Octoraro Creek, 2018 
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Figure 4.4-1: Weekly Eel Catch to Weekly Average Creek Flow, Octoraro Creek, 2018 
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Figure 4.4-2: Weekly Eel Catch to Weekly Average Lunar Fraction, Octoraro Creek, 2018 (1.0 Equals Full Moon) 
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Figure 4.4-3: Weekly Eel Catch to Weekly Average Water Temperature, Octoraro Creek, 2018 
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Figure 4.4-4: Comparison of Dissolved Oxygen Readings in Collection Tanks and Head Pond, Octoraro Creek, 2018 
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Figure 4.4-5: Weekly Eel Catch to Weekly Average Dissolved Oxygen, Octoraro Creek Eel Facility Collection Tanks, 2018 
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Figure 5.0-1: Weekly Catch and Average Creek Flow, Octoraro Creek, 2015-2018 
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Figure 5.0-2: Octoraro Creek Flow in 2018 and Historical Data, Octoraro Creek, 2018. 
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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, 2018
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Weekly Eel Catch Data, 2018 

 

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

Octoraro Eels 5 31 2072 101 115 407 55 3 4 0 

Creek flow (cfs) 185.0 143.0 822.6 484.1 327.9 519.0 345.1 231.3 195.7 150.9 

Lunar Fraction 0.89 0.40 0.06 0.6 0.96 0.55 0.06 0.47 0.95 0.69 

Water temp (°C) 15.3 15.9 18.4 19.4 21.4 20.5 20.8 22.6 22.5 25.6 

Dissolved Oxygen (mg/L) 8.84 7.71 7.50 9.43 7.93 8.08 7.35 6.80 7.00 6.60 

Percent of Catch 0.12 0.74 49.30 2.70 2.70 9.70 1.30 0.07 0.10 0.00 

           

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

Octoraro Eels 1 11 464 29 393 343 73 5 69 22 

Creek flow (cfs) 123.3 143.89 655.6 254.3 315.7 661.9 634.0 492.1 520.4 943.0 

Lunar Fraction 0.10 0.34 0.91 0.80 0.18 0.22 0.82 0.89 0.29 0.12 

Water temp (°C) 25.5 25.3 24.6 24.9 25.9 25.2 23.2 25.3 24.6 18.2 

Dissolved Oxygen (mg/L) 6.50 7.10 7.50 6.53 6.20 6.50 5.80 6.37 6.10 10.20 

Percent of Catch 0.02 0.26 11.04 0.69 9.35 8.16 1.74 0.12 1.64 0.52 

 

Wk 1: May 1 - May 5 Wk 8: June 17 - June 23 Wk 15: August 5 - August 11 

Wk 2: May 6 - May 112 Wk 9: June 24 – June 30 Wk 16: August 12 - August 18 

Wk 3: May 13 - May 19 Wk 10: July 1 - July 7 Wk 17: August 19 - August 25 

Wk 4: May 20 - May 26 Wk 11: July 8 - July 14 Wk 18: August 26 - September 1 

Wk 5: May 27 - June 2 Wk 12: July 15 - July 21 Wk 19: September 2 - September 8 

Wk 6: June 3 - June 9 Wk 13: July 22 - July 28 Wk 20: September 9 - September 15 

Wk 7: June 10 - June 16 Wk 14: July 29 - August 4  

 



MUDDY RUN PUMPED STORAGE PROJECT - FERC PROJECT NUMBER 2355 

 

 C-1 Normandeau Associates, Inc. 

Appendix C:  

Weekly Data for 2015-2018 



MUDDY RUN PUMPED STORAGE PROJECT - FERC PROJECT NUMBER 2355  

 

 C-2 Normandeau Associates, Inc. 

Weekly Eel Catch Data (2015-2018) 

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 Octoraro Eels 17 9 9 39 21 7 2 61 1565 19 13 7067 419 48 16 68 1793 12 149 12 

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 
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Eel Catch (Collection) to Creek Flow (2015-2018) 
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Eel Catch (Collection) to Lunar Fraction (2015-2018) 
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Eel Catch (Collection) to Water Temperature (2015-2018) 
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Appendix D:  
Correspondence to Make Octoraro Creek Eel Facility 

Permanent 
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Appendix E:  
Agency Comments on Draft 2018 Octoraro Creek Eel 

Ramp Collection Report 

  



MUDDY RUN PUMPED STORAGE PROJECT - FERC PROJECT NUMBER 2355 

 

 E-2 Normandeau Associates, Inc. 



MUDDY RUN PUMPED STORAGE PROJECT - FERC PROJECT NUMBER 2355 

 

 E-3 Normandeau Associates, Inc. 



MUDDY RUN PUMPED STORAGE PROJECT - FERC PROJECT NUMBER 2355 

 

 E-4 Normandeau Associates, Inc. 



MUDDY RUN PUMPED STORAGE PROJECT - FERC PROJECT NUMBER 2355 

 

 E-5 Normandeau Associates, Inc. 



MUDDY RUN PUMPED STORAGE PROJECT - FERC PROJECT NUMBER 2355 

 

 E-6 Normandeau Associates, Inc. 



MUDDY RUN PUMPED STORAGE PROJECT - FERC PROJECT NUMBER 2355 

 

 E-7 Normandeau Associates, Inc. 



MUDDY RUN PUMPED STORAGE PROJECT - FERC PROJECT NUMBER 2355 

 

 E-8 Normandeau Associates, Inc. 



MUDDY RUN PUMPED STORAGE PROJECT - FERC PROJECT NUMBER 2355 

 

 E-9 Normandeau Associates, Inc. 



MUDDY RUN PUMPED STORAGE PROJECT - FERC PROJECT NUMBER 2355 

 

 E-10 Normandeau Associates, Inc. 



MUDDY RUN PUMPED STORAGE PROJECT - FERC PROJECT NUMBER 2355 

 

 E-11 Normandeau Associates, Inc. 



MUDDY RUN PUMPED STORAGE PROJECT - FERC PROJECT NUMBER 2355 

 

 E-12 Normandeau Associates, Inc. 



MUDDY RUN PUMPED STORAGE PROJECT - FERC PROJECT NUMBER 2355 

 

 E-13 Normandeau Associates, Inc. 



MUDDY RUN PUMPED STORAGE PROJECT - FERC PROJECT NUMBER 2355 

 

 E-14 Normandeau Associates, Inc. 



MUDDY RUN PUMPED STORAGE PROJECT - FERC PROJECT NUMBER 2355 

 

 E-15 Normandeau Associates, Inc. 



MUDDY RUN PUMPED STORAGE PROJECT - FERC PROJECT NUMBER 2355 

 

 E-16 Normandeau Associates, Inc. 



MUDDY RUN PUMPED STORAGE PROJECT - FERC PROJECT NUMBER 2355 

 

 E-17 Normandeau Associates, Inc. 

 


