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EXECUTIVE SUMMARY 

In support of relicensing efforts for the Northfield Mountain Pumped Storage and Turners Falls 

Hydroelectric Projects, juvenile American Shad emigration success through the project area was assessed 

in 2015 using a combination of radio telemetry, hydroacoustics, and HI-Z turb’n tag methodology. There 

were multiple study objectives, including: assessing the effects of the Projects on the timing, orientation, 

routes, migration rates, and survival of juvenile shad; determining the proportion of juvenile shad that pass 

downstream through the power canal versus over the dam under varied operational conditions, including a 

range of spill conditions; determining the rate of downstream movement within the impoundment, over the 

dam and through the bypass reach, or through the power canal; determining survival rates for juveniles 

spilled over/through dam gates, under varied operation conditions, including up to full spill during the 

annual fall power canal outage period; determining downstream passage timing, route selection, and rate 

of movement of juvenile shad through the power canal to Station No. 1, Cabot Station and the Cabot Station 

bypass; determining the rate of entrainment at the Northfield Mountain Project; determining the survival 

rate for juvenile shad entrained into Station No.1; and determining the survival rates for juvenile shad 

entrained at Cabot Station. Kleinschmidt served as the lead consultant for the overall field effort, with 

Aquacoustics providing support for the hydroacoustic assessment, and Normandeau Associates, Inc. (NAI) 

conducted the turbine and dam passage survival assessment with HI-Z turb’n tags. 

Hydroacoustics were used to assess juvenile shad emigration run timing, duration, and magnitude, as well 

as entrainment. Three separate split beam sonar systems were deployed at three locations within the project 

area; one at the Northfield Mountain intake/tailrace, one at the upper portion of the Turners Falls Power 

Canal (along the Sixth Street Bridge), and one at the Cabot Station intake. The systems were operational 

and recorded data from August 1 to November 14, 2015. Split beam data were processed with the fish 

tracking module of Myriax Echoview software (Version 6). After applying an intensity threshold of -56 dB, 

which corresponded to a total fish length of 30 mm by conversion using Love’s (1971) equation, the data 

were analyzed with an alpha-beta (,) tracking algorithm to identify the series of echoes generated by an 

individual fish as it passed through the acoustic beam. The tracking results were reviewed on an echogram 

and exported as a database containing time, target strength, 3-D positional information, and direction of 

travel for each fish detected. 

The locations of the transducers at the Northfield Mountain intake area and in the Turners Falls Power 

Canal did not allow for data reduction to accurately estimate the run timing, duration, or magnitude of 

juvenile shad outmigration, thus rendering some objectives unattainable as scoped in the Revised Study 

Plan (RSP). Analysis of the data for these two locations revealed a substantial number of targets in these 

locations engaging in a milling behavior, rather than simply moving in a downstream direction. This 

behavior reduces the ability of the split beam system to enumerate individual targets and would lead to 

overestimates, as targets moving in and out of the beam are subject to being counted multiple times. At 

Cabot Station, the transducers were able to be placed near the entrance to the penstock where water 

velocities obligated entrainment resulting in very little milling observed in the data set such that estimates 

of run timing, duration, and magnitude were achieved and may be representative of the study area overall.  

At Cabot Station, eight transducers were deployed to monitor the center bay of each unit plus the outermost 

bay on each side of the forebay. This configuration allowed for approximately 10% of the Cabot Station 

intake area to be monitored, with each transducer sampling 50% of the time. The locations of the transducers 

were such that observed targets were committed to passing through the station. Only data collected during 

times of generation were processed and expanded proportionally to account for the times and areas not 

sampled. Entrainment was assumed for those targets that were tracked to an elevation lower than the top of 

the Cabot penstock at elevation 160.26 feet (mean sea level, NGVD 29). 

To verify the fish assemblage represented by the hydroacoustic data, 15 sampling events were performed 

at the Cabot Station bypass sampler between September 9 and October 28, 2015. Sampling events occurred 
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in the evening between 16:00-22:00 hrs. Nearly all fish collected were juvenile American Shad, 50 of which 

were randomly selected and measured for total length per event. These length data collected during 

sampling events were considered for length ranges of targets detected at Cabot Station and Northfield 

Mountain. 

Review of the split beam sonar data indicated juvenile shad-sized targets were present in the vicinity of 

Cabot Station throughout the monitoring period spanning August 1 to November 14, 2015. Based on the 

results of sampling at the Cabot bypass sampler, targets within approximately ±15 mm from mean length 

of shad collected by month were considered to be American Shad. About 1,660,166 shad-sized targets (62-

120 mm in length) were estimated to be entrained at Cabot Station between August 1 and November 14, 

2015. The distribution of entrainment by unit was such that almost half (46%) of the overall entrainment 

was attributable to Unit 6, despite the more frequent operation of Unit 1. The daily volume (cubic feet, ft3) 

of water passed through Cabot Station and entrainment estimates had a significant relationship. Based on 

concurrent observations at the bypass sampler and Cabot Station intake, it was estimated that an average of 

approximately 43% of juvenile shad exit the canal via the downstream bypass and 57% are subject to 

entrainment at Cabot Station. Diel movement was investigated at the Cabot Station intake and into and 

through the Turners Falls power canal using hydroacoustics and radio telemetry methods, respectively. 

Shad size targets were observed to be entrained during each hour of the day at Cabot station but were most 

prevalent during the afternoon and evening hours, with a peak at 20:00, when pump operations are not 

likely to occur at NMPS (~00:00 – 06:00). Approximately 75% of the shad movement, as determined by 

entrainment rate at Cabot Station, generally occurred during period of the day in which NMPS is idle or 

discharging, representing a period in which there is no risk of entrainment. Radio telemetry data supported 

this diel movement trend with data showing that tagged juvenile shad emigrated in the evenings generally 

before 23:00.  

Radio telemetry techniques were used to evaluate route selection of emigrating juvenile shad as they passed 

through the Northfield Mountain and Turners Falls Projects. A Lotek NanoTag Series Model NTQ–1 was 

externally affixed to 218 juvenile shad. Fifty (50) juvenile shad were placed into a 90-gallon tank and tagged 

with mock tags that consisted of tin BB weights attached to a dry fly hook to serve as a control group to 

examine tagging effects and tag retention. The control experiment revealed significant mortality, tag loss 

and irregular swimming behavior of tagged shad. These observations leave the reliability of the study results 

in question. Because the study results are questionable, FirstLight was targeting to complete a supplemental 

juvenile shad radio telemetry study in October/November 2016 and emailed stakeholders a proposed study 

plan on September 19, 2016. The plan cited adjustments to the methods of collecting, holding and tagging 

of juvenile shad and the proposed release locations to reduce the level of mortality experienced in 2015 and 

yield additional data for analysis. A stakeholder meeting was held at the Northfield Visitors Center on 

September 20, 2016 to discuss, among other issues, the juvenile shad study plan. FirstLight indicated at the 

meeting that it had some reservations conducting the study due to low flow conditions. In the spring/summer 

of 2016, the northeast experienced a severe, prolonged drought and river flows on the Connecticut River 

were extremely low. In the end, on September 29, 2016, FirstLight notified stakeholders that it would not 

conduct the study because low flows would prevent key components of the study, such as route selection, 

from being completed and it would work with stakeholders to discuss next steps.  

For the work conducted in 2015, groups of 20 tagged fish were released with 30 to 50 untagged fish to 

promote schooling behavior. Tagged shad were released at two sites in the Turners Falls Impoundment 

(TFI). Six release events occurred 1.5 miles upstream of the Northfield Mountain Project intake/tailrace, 

and 3 release events occurred in the lower impoundment, about 1.25 miles upstream of the Turners Falls 

Dam (TFD). All juvenile shad were tagged and released between October 12 and October 20, 2015.  

Juvenile shad were monitored at 13 locations within the study area. The radio monitoring systems were 

outfitted with either an Orion receiver, a Lotek SRX 400 receiver, or a Lotek SRX 800 receiver, each paired 

with a combination of 3-element yagi antennas and/or dropper antennas. Data were downloaded from each 

radio receiver approximately once a week from September 28 to December 4, 2015 (date range inclusive 
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of required American Eel monitoring period). A proprietary probabilistic method for removing false 

positives was developed and applied to the radio telemetry dataset. Data were then entered into a dedicated 

Microsoft Access database for analysis. A three-dimensional plot was created and analyzed for each 

juvenile shad detected in order to visually interpret route selection through the study area. The amount of 

time that each fish spent within the reach was calculated by using the time from release and determining 

the last known detection at any given fixed telemetry station. Distance from the release location to the last 

detection at the last known fixed telemetry station within the reach was determined in river miles (RM) and 

rate of travel was then calculated using distance per hour (RM/h). 

A total of 183 juvenile American shad were released either 1.5 miles upstream of the Northfield Mountain 

intake/tailrace or 1.25 miles upstream of the TFD. A large proportion of tagged fish (n=70, 38% of releases) 

were never detected at any of the fixed telemetry stations. A similar proportion of tagged juvenile shad 

(n=71, 39% of releases) remained in the TFI and were never detected at or downstream of the TFD and 

Gatehouse. A total of 129 tagged juvenile Shad were released upstream of the NMPS intake/tailrace area. 

Of those 77 Shad (60% of release) were detected at Shearer Farms fixed telemetry monitoring station (T1 

and T2) located approximately 1.2 river miles downstream of the release point and approximately 0.5 miles 

upstream of the NMPS intake/tailrace. These fish represent the cohort of emigrating fish that entered the 

NMPS area. Thirty two of these fish emigrated past the NMPS intake/tailrace area and continued 

downstream approximately 0.66 miles downstream of the NMPS intake/tailrace where they were detected 

at that Gill Banks monitoring station (T5 and T6) for a passage rate of 41.6 % through this reach of the TFI. 

Of the fish that entered this reach 72.7% were either detected in the NMPS intake/tailrace area, the upper 

reservoir or downstream of the NMPS intake/tailrace; leaving 27.3% undetected. Three fish were entrained 

and detected in the Upper Reservoir of Northfield Mountain, suggesting an entrainment rate of 3.9%. 

Twenty-one (21) additional fish were last detected at the Northfield Mountain intake/tailrace and were 

never detected again at any of the telemetry receiver stations. Of those 21 fish, 14 were last detected at the 

Northfield Mountain intake/tailrace during pumping operations. Only two juvenile shad (1% of releases) 

passed over the TFD and 16 (9% of releases) passed through to the power canal. The remainder of juvenile 

shad were either last detected at the Northfield Mountain intake/tailrace receiver station (n=21, 11% of 

releases) or the Northfield Mountain Upper Reservoir station (n=3, 2% of releases). Passage at the Turners 

Falls Project generally occurred during night hours, between 21:00 and 23:00. 

Juvenile shad (n=113, 61.7% of releases) detected at the impoundment receiver stations exhibited a mean 

rate of downstream movement of 0.31 RM/h. Two fish passed over the TFD, one of which continued 

through the bypass reach to the Station No.1 tailrace at a rate of 1.45 RM/h. Three fish were detected as 

having passed the project through Cabot Station and were subsequently detected in the Cabot Station 

tailrace. Based on these fish, the mean rate of movement through the canal was 0.03 RM/h.  

A separate group of 17 tagged juvenile shad were released into the Turners Falls Power Canal the evening 

before the annual drawdown on October 5, 2015. Subsequent to the release, mobile tracking was conducted 

along the entire length of the power canal in an attempt to relocate the tagged fish and determine escape 

routes. Mobile tracking efforts were initiated at approximately 13:10 on October 5 and seven of the fish 

released were detected in the canal. Five fish were detected in the area of release; two at the upper canal 

release site and three at the lower canal release site. One fish released in the upper canal was detected at the 

Station No. 1 forebay, although passage was not confirmed as Station No. 1 was not operating. Similarly, 

one fish released in the lower canal was detected in the vicinity of the Cabot Station forebay; however, 

Cabot Station was not operating at the time of detection and this individual was not detected at any station 

downstream of Cabot Station. 

HI-Z Turb’N Tag techniques were used to assess survival and injury of juvenile shad passing through Cabot 

Station (Unit 2), Station No. 1 (Units 1 and 2/3), and Bascule Gates 1 and 4 at three discharge rates (1,500 

cfs, 2,500 cfs and 5,000 cfs). Normandeau prepared a report under separate cover that detailed the methods 

and results of the dam and turbine passage survival studies. Due to high mortality of control fish, 
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Normandeau reported that only direct 1-hour survival estimates were reliable; longer-term survival 

estimates were not.  

The 1-hour direct survival rate for juvenile shad passing the TFD via Bascule Gate 1 ranged from 47.7% to 

75.6%, with an overall survival rate of 63% for all conditions (1,500 cfs, 2,500 cfs, and 5,000 cfs) evaluated 

(NAI, 2016a). For Bascule Gate 4, 1-hour direct survival ranged from 59% to 73.6% with an overall mean 

of 64.8% survival for all conditions assessed (NAI, 2016a). For both gates, a greater percentage of fish were 

recaptured alive during the 5,000 cfs test condition. The injury rates on the recaptured juvenile shad 

suggested that passage conditions are more favorable for fish passing the dam via Bascule Gate 1 as 

compared to Bascule Gate 4. 

The 95.0% survival (1-hour) for juvenile shad passed through the large Francis turbine at Cabot Station 

Unit 2 was near the median value of 94.7% for juvenile herring and shad obtained for 19 studies conducted 

at other hydroelectric projects (NAI, 2016a). The survival rates for the smaller Francis units at Station No. 

1 (67.8 and 76.6%) were lower than survival rates at Cabot Station. The Francis units at Station No. 1 had 

the smallest runner diameter (39-55 inches) and the highest rotation rates (200 and 257 rpm) of the turbines 

tested, which likely contributed to the lower survival rates at Station No. 1 (NAI, 2016a). 

In terms of survival, it appears that fish traveling the length of the power canal to Cabot Station have a 

greater likelihood of survival relative to fish that pass via the bascule gates at the Turners Falls Dam. The 

overall 1-hour direct survival rate for juvenile shad passing the Turners Falls Dam via the bascule gates 

was about 64% as compared to the 95% survival of those fish that pass through the turbines at Cabot Station. 

Passage from the power canal through Station No. 1 also appears to be a safer option for fish as opposed to 

passage via the Turners Falls Dam. 
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1 INTRODUCTION 

FirstLight Hydro Generating Company (FirstLight) is the licensee of the Northfield Mountain Pumped 

Storage Project (FERC No. 2485) and the Turners Falls Hydroelectric Project (FERC No. 1889). FirstLight 

has initiated with the Federal Energy Regulatory Commission (FERC, the Commission) the process of 

relicensing the Northfield Mountain and Turners Falls Projects using the FERC’s Integrated Licensing 

Process (ILP). The current licenses for Northfield Mountain and Turners Falls Projects were issued on May 

14, 1968 and May 5, 1980, respectively, with both set to expire on April 30, 2018.  

As part of the ILP, FERC conducted a public scoping process during which various resource issues were 

identified. On October 31, 2012, FirstLight filed its Pre-Application Document (PAD) and Notice of Intent 

with the FERC. The PAD included FirstLight’s preliminary list of proposed studies. On December 21, 2012, 

FERC issued Scoping Document 1 (SD1) and preliminarily identified resource issues and concerns. On 

January 30 and 31, 2013, FERC held scoping meetings for the two Projects. FERC issued Scoping 

Document 2 (SD2) on April 15, 2013.  

FirstLight filed its Proposed Study Plan (PSP) on April 15, 2013 and, per the Commission regulations, held 

a PSP meeting at the Northfield Visitors Center on May 14, 2013. Thereafter, FirstLight held ten resource-

specific study plan meetings to allow for more detailed discussions on each PSP and on studies not being 

proposed. On June 28, 2013, FirstLight filed with the Commission an Updated PSP to reflect further 

changes to the PSP based on comments received at the meetings. On or before July 15, 2013, stakeholders 

filed written comments on the Updated PSP. FirstLight filed a Revised Study Plan (RSP) on August 14, 

2013 with FERC addressing stakeholder comments.  

On August 27, 2013, Entergy Corp. announced that the Vermont Yankee Nuclear Power Plant (VY), located 

on the downstream end of the Vernon Impoundment on the Connecticut River and upstream of the two 

Projects, will be closing no later than December 29, 2014. With the closure of VY, certain environmental 

baseline conditions will change during the relicensing study period. On September 13, 2013, FERC issued 

its first Study Plan Determination Letter (SPDL) in which many of the studies were approved or approved 

with FERC modification. However, due to the impending closure of VY, FERC did not act on 19 proposed 

or requested studies pertaining to aquatic resources. The SPDL for these 19 studies was deferred until after 

FERC held a technical meeting with stakeholders on November 25, 2013 regarding any necessary 

adjustments to the proposed and requested study designs and/or schedules due to the impending VY closure. 

FERC issued its second SPDL on the remaining 19 studies on February 21, 2014, approving Study No. 

3.3.3 Evaluate Downstream Passage of Juvenile American Shad with certain modifications. FERC’s 

recommended modifications to Study No. 3.3.3 are summarized as follows: 

 Include results of telemetry array testing and calibration in the study report; 

 Implement radio-telemetry tracking at Northfield Mountain upper reservoir; and 

 Consult with the United States Fish and Wildlife Service (USFWS), Massachusetts Division of 

Fish and Wildlife (MADFW), and National Marine Fisheries Service (NMFS) to establish the 

typical operating condition of each test turbine evaluated during the juvenile shad outmigration 

season. In addition, FERC required FirstLight to make recommendations regarding how these 

operating conditions would be incorporated into the study and file them for FERC approval.  

On November 4, 2014, FirstLight submitted a RSP for the acoustic evaluation of juvenile American Shad 

passage and entrainment to stakeholders and a meeting was subsequently held at the Northfield Visitors 

Center on November 17, 20141 to discuss the plan. Although no substantial changes to the RSP were 

required following the November 17th meeting, the Updated Study Report (USR) filed with FERC in 

                                                      
1 Meeting minutes were filed with FERC on December 22, 2014. 
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September 2015 described several unanticipated, but necessary variances from the RSP. Brief summaries 

of the variances are as follows: 

 Hatchery-raised juvenile shad were deemed unsuitable for use in behavioral studies (i.e., radio 

telemetry studies) as they did not appear to behave similar to wild fish2. In addition, the availability 

of hatchery fish for use in the survival portion of the study was not adequate to meet required 

sample sizes; therefore, wild fish were also used for the turbine and dam passage survival studies. 

 Tracking of juvenile shad was accomplished utilizing the smallest transmitters that were available 

at the time, the Lotek NanoTag Series Model NTQ-1 (5 mm in width, 10 mm in length, 3 mm in 

depth, 0.26 g in air, and tag life of 10 days at 2-second burst rate). 

 Additional telemetry receivers were installed at the Gatehouse and Cabot Station tailrace to increase 

monitoring throughout the Project area. 

 Due to the configuration and operation of Station No. 1, the turbine passage survival assessment of 

a smaller unit at Station No. 1 was performed with both Units 2 and 3 running simultaneously, 

rather than Unit 2 alone.  

 Due to safety concerns and review of historical operating records, dam passage survival was 

assessed at Bascule Gates 1 and 4 only. 

1.1 Background Information 

American Shad have had access to spawning and rearing habitat upstream of Turners Falls Dam (TFD) 

since passage was provided via fishways in 1980. Juvenile American Shad require downstream passage to 

complete their lifecycle and promote recruitment to the basin. Successful spawning and juvenile production, 

as well as effective downstream passage, are necessary to help achieve shad management restoration goals 

for the Connecticut River.  

Downstream juvenile clupeid passage studies were conducted at Turners Falls in the fall of 1991 and 1992 

(Harza & RMC 1992; 1993) to determine the percentage of juvenile shad and Blueback Herring that passed 

downstream via the bypass log sluice (or Cabot Station bypass) and the Cabot Station turbines. An estimated 

54% (average bypass rate, weighted by estimated number bypassed) of the juvenile American Shad 

approaching Cabot Station were bypassed via the log sluice in 1991, prior to installation of a special broad-

crested weir at the log sluice in 1992.  

A broad-crested weir with an elliptical floor has been installed during the downstream fish passage season 

since 1992 to enhance fish passage. The broad-crested weir was designed to slow the acceleration in water 

velocity that typically occurs at sharp-crested weirs, and to narrow and deepen the entrance to the bypass, 

while maintaining the same discharge capacity. Following installation of the weir, an estimated 87% of 

juvenile shad passed through the log sluice in 1992. A follow-up study during fall 1993 determined that 

94.4% of juvenile clupeids passed downstream via the log sluice after it was equipped with artificial above-

water lighting (RMC 1994). The 1993 study was the last juvenile shad study conducted at the site prior to 

the present evaluation.  

At NMPS, Northeast Utilities conducted entrainment field sampling studies in 1990 with a variety of 

methodologies including: electrofishing, haul seining, gills nets, otter trawl, frame trawl and hydroacoustics. 

The studies estimated entrainment at NMPS and demonstrated the effectiveness of various field sampling 

methods for collecting juvenile shad in the areas of Northfield Mountain Pumped Storage (NMPS) Project 

intake and the Turners Falls Impoundment (Harza et al. 1991). Electrofishing and haul seining were 

determined to be the most effective methods of collecting juvenile shad, with a total of 81 and 51 juvenile 

                                                      
2 Feasibility testing was conducted by Normandeau Associates, Inc in 2014, which showed that the hatchery juvenile 

shad did not behave like wild stock juvenile shad.  
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shad collected, respectively (Harza et al. 1991). Electrofishing sampling resulted in the collection of 19 

species, including shad, and only 8 species were collected using a haul seine (Harza et al. 1991). Gill nets 

were found to be size selective, collecting few American Shad and only those greater than 100 mm in total 

length. Trawl methods failed to collect any fish (Harza et al. 1991).  

Hydroacoustic sampling at the Northfield Mountain Pumped Storage Project was conducted using two 

single beam transducers to monitor the intake area. Echograms illustrated how fish behavior was effected 

by station operations (Harza et al. 1991). Fishes were observed moving away from, or milling around the 

NMPS intake area during generation, with some milling occurring during pumping but the majority of fish 

moved toward the intake (Harza et al. 1991). These fishes were assumed to be entrained. Estimated 

entrainment rates of these fishes varied from 34 to 346 fishes/hour and 700-1,400 fish per pump cycle 

(Harza et al. 1991). A Spearman rank test suggested there was no correlation between entrainment rates 

and pump volume (Harza et al. 1991). 

Field efforts at the NMPS Project in 1991 examined entrainment rates, and spatial and temporal distribution 

of juvenile American Shad. Entrainment was evaluated using simultaneous hydroacoustic sampling in the 

tailrace intake tunnel, and a frame trawl net sampling the upper reservoir intake/discharge tunnel (Harza 

1992). Two hydroacoustic transducers were mounted on the intake racks oriented into the tunnel. A third 

top mounted transducer was added later in the sampling period. Hydroacoustic data were disregarded due 

to high noise level within the tunnel causing a high probability of missed and false targets (Harza 1992). 

Since these hydroacoustic data were rejected, data collected from the upper reservoir was expanded to 

estimate the rate of American Shad entrained. A 8’x8’x30’ framed trawl net was suspended at various 

elevations in front of the upper reservoir intake during pump cycles to sample entrained fish. Calculations 

estimated 16,000 American Shad were entrained within the study period from August 25 to October 20, 

1991. Of these fish, 32% displayed injuries from turbine strikes (Harza 1992). 

Studies at the NMPS Project continued in 1992. Juvenile shad and ichthyplankton were sampled to 

determine the spatial and temporal distribution of shad in relation to the NMPS intake area and the Turners 

Falls Impoundment (LMS 1993). No significant difference in ichthyoplankton densities were found 

between stations upstream, downstream, or in front of the NMPS intake area (LMS 1993). A significant 

difference in densities from day to night was only evident early in the season (June 30- July 1). Peak 

ichthyoplankton densities were collected on June 18, 1992. The peak catch per unit of effort (CPUE) for 

juvenile shad occurred on September 8, 1992. Electrofishing samples throughout the Turners Falls 

Impoundment did reveal a significantly greater CPUE upstream of the NMPS intake area (LMS 1993). 

Fish entrainment was again evaluated in 1992, using a 5’ x 34’ framed net set in front of the tunnel opening 

in the upper reservoir (LMS 1993). The net sampled between 6.46% and 13.92% of the pumping cycle flow. 

During the 80.19 hours and 8,204,756 m3 of water sampled, 331 juvenile shad were collected during 

pumping cycles from August to late October. An estimate of 37,260 juvenile shad were entrained during 

the late summer to fall migration season (LMS 1993).  

1.2 Study Goal and Objectives 

The goal of this study is to assess the effects of Project operations on juvenile shad emigration success. The 

specific objectives are as follows: 

1. Assess the effects of the Projects on the timing, orientation, routes, migration rates, and survival of 

juvenile shad; 

2. Determine the proportion of juvenile shad that pass downstream through the power canal versus 

over the dam under varied operational conditions, including a range of spill conditions; 

3. Determine the rate of downstream movement within the impoundment, over the dam and through 

the bypass reach, or through the power canal; 
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4. Determine survival rates for juveniles spilled over/through dam gates, under varied operation 

conditions, including up to full spill during the annual fall power canal outage period; 

5. Determine downstream passage timing, route selection, and rate of movement of juvenile shad 

through the power canal to Station No. 1, Cabot Station and the Cabot Station bypass; 

6. Determine the rate of entrainment at the Northfield Mountain Project; 

7. Determine the survival rate for juvenile shad entrained into Station No.1; and 

8. Determine the survival rates for juvenile shad entrained at Cabot Station. 

Objectives 4, 7, and 8 (survival rates for juvenile shad spilled over the dam (e.g., through the Bascule gates) 

or entrained through the turbines at Station No. 1 or Cabot Station) were assessed by Normandeau 

Associates Inc. (NAI) using HI-Z Turb’N tags and mark-recapture methods during October 2015. A report 

(NAI, 2016a) was prepared under separate cover that details the study methods and results; a copy is 

included in Appendix B herein.  
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2 STUDY AREA AND SURVEY SITE SELECTION 

The study area includes a 10.2 mile reach of the Connecticut River extending from river mile (RM) 128.7 

(above Long Island Sound) in the town of Northfield, MA, approximately 1.5 miles upstream of the NMPS 

intake/tailrace (RM 127.5), downstream to RM 118.5 in the town of Montague, MA (Figure 2-1). The 

Turners Falls Dam (TFD) is located at approximately RM 122 in the towns of Gill and Montague, MA. The 

Turners Falls Impoundment (TFI), created by the TFD (which also serves as the lower reservoir for the 

Northfield Mountain Project), is approximately 20 miles long, extending upstream through the Connecticut 

River valley to the base of Vernon Dam, located in Vernon, VT (RM 142). 

The Turners Falls Project consists of: a) two individual concrete gravity dams separated by an island; b) a 

gatehouse controlling flow to the power canal; c) the power canal and a short branch canal; d) two 

hydroelectric powerhouses, located on the power canal, known as Station No. 1 and Cabot Station; e) a 

bypassed section of the Connecticut River; f) a reservoir known as the Turners Falls Impoundment (TFI), 

and g) one 13.8 kV line to the Montague substation. The Turners Falls Project is equipped with three 

upstream fish passage facilities, including (in order from downstream to upstream): the Cabot fishway, the 

Spillway fishway, and the Gatehouse fishway. The downstream fish passage facility is located at Cabot 

Station, at the downstream terminus of the power canal. Assuming no spill is occurring at Turners Falls 

Dam, fish moving downstream pass through the Gatehouse (which has no racks) and into the power canal. 

Fish may egress the canal through entrainment at Station No. 1 or Cabot Station or via the downstream fish 

passage facility which consists of a broad-crested weir developed specifically to enhance fish passage at 

the log sluice; the log sluice itself, which has been resurfaced to provide a passage route; above-water 

lighting; and a sampling facility. At Cabot Station the bar-spacing in the upper 11 feet of the intake racks 

was reduced to deter shad from passing through the turbines.  

The Northfield Mountain Pump Storage (NMPS) Project consists of: a) an upper reservoir and dam/dikes; 

b) an intake; c) pressure shaft; d) an underground powerhouse; and c) a tailrace. The Turners Falls 

Impoundment (Connecticut River) serves as a lower reservoir. 

For further detail of the Northfield Mountain and Turners Falls Projects refer to Section 3 of the PAD 

(FirstLight, 2012).  
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3 METHODS 

The impact of Projects operations on juvenile shad emigration was assessed using a combination of 

techniques, including hydroacoustics, radio telemetry, and HI-Z Turb’N tags. Details for the assessment of 

dam and turbine passage survival (using HI-Z Turb’N tags) are located in Appendix B.  

3.1 Evaluation of Run Timing, Duration, and Magnitude (Hydroacoustics) 

Juvenile shad run timing, duration, and magnitude, as well as entrainment at the Northfield Mountain 

Project during pumping operations and at Cabot Station during generation, were evaluated with the use of 

hydroacoustic (split beam sonar) systems. Specifically, four Simrad 333-kHz frequency multiplexing sonar 

systems each with four 7° circular split beam transducers were deployed at the following locations (see 

Figure 3.1-1): two systems at Cabot Station, one in the Turners Falls Power Canal immediately upstream 

of the Sixth Street Bridge, and one system at the intake/tailrace of the Northfield Mountain Project. 

FirstLight began mobilization for the juvenile shad studies on July 9, 2015 with the installation of the 

hydroacoustic monitoring equipment. The installation was a joint effort by FirstLight, Kleinschmidt 

Associates, and Aquacoustics, Inc. (hydroacoustic specialist). Following installation, data collection was 

initiated on August 1, and continued through November 14, 2015.  

3.1.1 Cabot Station 

Hydroacoustic monitoring at Cabot Station was intended to enhance understanding of the timing, duration 

and magnitude of the juvenile American Shad migration in the vicinity of the station, as well as to evaluate 

entrainment. While fish number, size, and direction of travel can be measured with split beam hydroacoustic, 

an inherent limitation of the method is the inability to determine the species of the targets detected. As such, 

concurrent sampling of fishes at the Cabot downstream bypass sampler was used to investigate speciation 

of hydroacoustic targets.  

3.1.1.1 Installation 

At Cabot Station, each of the six turbines has three intake bays for a total of 18 bays. Transducers were 

installed in 8 of 18 intake bays (Figure 3.1.1-1); two of the bays for Unit 1 (Bays 1 and 2), one for Unit 2 

(center bay), one for Unit 3 (center bay), one for Unit 4 (center bay), one for Unit 5 (center bay), and two 

for Unit 6 (Bays 17 and 18). Unit 1 is located closest to the downstream bypass. This setup allowed for 

monitoring in the center bay of each unit plus the outermost bay on each side of the forebay. The transducers 

associated with Units 1, 2 and 3 were routed to a General Purpose Transceiver (GPT 1) located on the intake 

deck, while the remaining transducers were directed to GPT 2.  

The transducers were mounted on a pole and affixed to the head gates in a downward orientation angled 

approximately 7° upstream from vertical such that the transducers conical beams did not contact the intake 

infrastructure (Figure 3.1.1-2). In the final deployment, the head gates were lowered to their storage position 

and the transducers were situated at an elevation of about 165.26 feet mean sea level (msl) (NGVD 29) for 

the duration of the sampling period. All transducers were calibrated by Simrad prior to installation and any 

calibrations with differences greater than 0.5 decibels (dB) from the expected echo strength of the 22 mm 

tungsten carbide calibration sphere were offset during data processing. 

3.1.1.2 Sampling Scheme 

In the configuration described above, the eight transducers sampled a total of approximately 10% of the 

Cabot Station intake area. Each transducer sampled 50% of the time. Each GPT pinged on two transducers 

simultaneously (fast-multiplex), alternating every 15 minutes between two pairs (slow-multiplex). In this 

multiplexing scheme, GPT 1 started at the top of the hour with a fast-multiplex on Transducers 1 and 3. 

After 15 minutes, it switched to a fast-multiplex on Transducers 2 and 4, and so on. GPT 2 started at the 
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top of the hour with a fast-multiplex on Transducers 5 and 7 and then switched to a fast-multiplex on 

Transducers 6 and 8. Slow multiplexing is required since echo sounders currently available cannot ping fast 

enough in fast multiplex mode to sample all four transducers effectively. Sampling parameters for the sonar 

systems included a power level of 35 watts (W) and pulse duration of about 0.128 milliseconds (ms). 

Data collected at each split beam system were written to a 1 terabyte (Tb) hard drive on the control computer. 

The data were backed up to an external hard drive once per week for archiving. Each of the split beam 

systems was networked and accessed via a Go to My PC account for real time remote status monitoring by 

the study team. 

3.1.1.3 Data Analysis 

While the systems were programmed to record data continuously, only data collected during times of 

generation were processed. Split beam data were processed with the fish tracking module of Myriax 

Echoview software (Version 6). After applying an intensity threshold of -56 dB, which corresponded to a 

total fish length of 30 mm by conversion using Love’s (1971) equation (see below), the data were analyzed 

with an alpha-beta (,) tracking algorithm to identify the series of echoes generated by an individual fish 

as it passed through the acoustic beam. The tracking results were reviewed on an echogram and exported 

as a database containing time, target strength, 3-D positional information for each fish detected and 

direction of travel. 

The number of fish-sized targets detected was expanded proportionately to account for bays not sampled, 

time not sampled, and for the portion of the sampled bays that were not ensonified. The expansion factor 

used to account for the unensonified portion of a sampled bay was based on the effective beam width (which 

is a function of fish size and range) relative to the overall width of the bay sampled. This effective beam 

width depends on the acoustic beam pattern and the size of the target. Thus, for a given transducer, at any 

given range, a large fish can be detected over a wider portion of the intake cross-section than a smaller fish. 

This is a standard approach in which the expansion factor compensates for this differential detection 

probability. For each fish i, the expansion factor 𝑥𝑖 was calculated as: 

𝑥𝑖 =
𝑤

𝑏𝑖
 

where 𝑤 is width (m) of the intake, and 𝑏𝑖 is the effective width (m) of the sonar beam for fish i at the range 

at which it is observed. For example, if a single fish was observed at a range where the effective beam width 

for a fish of its size was half the width of the intake, then the count was extrapolated to 2 fish to estimate 

the total number of fish in the area (one observed in the portion of the intake that was effectively covered 

by the sonar beam and one assumed to be in the portion that was not covered). The expansion factors were 

summed over all fish observed in a given time period to estimate the total number of fish (F) that passed 

through the intake: 

𝐹 =  ∑ 𝑥𝑖

𝑖

 

Estimates of fish length were calculated with Love’s (1971) dorsal aspect equation for a frequency of 333 

kHz: 

Fish length (inches) = 10^((TS+23.9-0.9*Log10(λ)))/19.1)*1000)/25.4 

where TS is the mean split beam-corrected acoustic size for all echoes within the given fish track, and λ is 

the wave length in meters. The initial 30-mm size filter was conservative and intended to ensure all fish 

targets were considered for further processing. Identification of targets as juvenile American Shad was 

assumed for those targets ranging in length comparable to the lengths of juvenile shad collected and 

measured at the Cabot Station bypass sampler during the sampling period (Section 3.1.4). In addition, 

entrainment was assumed for those targets that were tracked to an elevation lower than the top of the Cabot 
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penstock at elevation 160.26 feet msl (NGVD 29), as all fish below this elevation were observed to be 

moving into the penstock, while fish above this elevation appeared to be milling (moving in all directions). 

The data were summarized to provide an estimate of the number of entrained fish per unit and per day. The 

relationship between daily entrainment and Cabot Station flow was also investigated.  

3.1.2 Turners Falls Power Canal 

Hydroacoustics were used to estimate the number of juvenile shad that emigrated through the Turners Falls 

Power Canal.  

3.1.2.1 Installation 

Excessive turbulence and air entrainment prevented effective hydroacoustic sampling at the Gatehouse; 

therefore, four transducers were deployed immediately upstream of the Sixth Street Bridge (about 0.4 river 

miles downstream of Gatehouse) along a transect perpendicular to the canal alignment (Figure 3.1.2-1) to 

monitor passage of juvenile shad through the canal. This location was upstream of the Station No. 1 intake 

canal, therefore all shad that entered the Cabot power canal through the Gatehouse and continued 

downstream migration were represented in the estimate. Each transducer was mounted on a sled and divers 

secured the four sleds to the canal bed with anchors at 5.8, 16.5, 20.7, and 28.7 meters from the right bank, 

with the transducers oriented vertically towards the surface (Figure 3.1.2-2). The conical beam spread at a 

7° angle, thus maximizing the beam width and sampling area in the upper water column where juvenile 

shad tend to migrate (Figure 3.1.2-3). The transducer cables ran to a GPT cabinet that was installed on the 

bridge. All transducers were calibrated by Simrad prior to installation and any calibrations with differences 

greater than 0.5 dB from the expected echo strength of the 22 mm tungsten carbide calibration sphere were 

offset during data processing. 

3.1.2.2 Sampling Scheme 

The total area sampled by the four transducers in the Turners Falls Power Canal represented approximately 

9% of the canal cross-section. The GPT alternated every 15 minutes (slow multiplex) between the four 

transducers (i.e., each transducer sampled 25% of the time). A slow multiplexing scheme was chosen to 

maximize the ping rate and minimize potential cross-talk between the transducers. Sampling parameters for 

the sonar system included a power level of 35 W and pulse duration of about 0.128 ms. 

Similar to the Cabot Station set-up, data collected at the split beam system were written to a 1 Tb hard drive 

on the control computer. The data were backed up to an external hard drive once per week for archiving. 

The split beam system was accessible via a Go to My PC account for real time remote status monitoring by 

the study team. 

3.1.2.3 Data Analysis 

Split beam data were processed with the fish tracking module of Myriax Echoview software (Version 6). 

After applying an intensity threshold of -56 dB, the data were analyzed with an , tracking algorithm to 

identify the series of echoes generated by an individual fish as it passed through the acoustic beam. The 

tracking results were reviewed on an echogram and exported as a database containing time, target strength, 

3-D positional information for each fish detected and direction of travel. 

The number of tracked fish was normalized to a 1-meter-wide column, and expanded proportionately based 

on the transducer spacing to account for unsampled area across the width of the canal. The expansion factor 

to account for the unsampled area and conversion to fish length was the same as that used for the Cabot 

Station analysis (Section 3.1.1.3). The data were summarized to provide an estimate of the number of fish 

moving in a downstream direction. Fish were tallied based on their direction of movement through the beam. 

With the transducers mounted on the bed of the canal and oriented toward the surface, 0° was selected to 

indicate downstream orientation and 180° represented upstream-oriented movement. Only targets moving 
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within ± 45° of 180° were counted as upstream moving fish, those within ± 45° of 0° were counted as 

moving downstream, and directions between those ranges were considered as milling fish. The net number 

of fish moving downstream was estimated as the number of downstream-directed fish minus the number of 

upstream-oriented fish. 

3.1.3 Northfield Mountain Project 

Hydroacoustic monitoring of the Northfield Mountain Project intake/tailrace was performed to estimate 

juvenile American Shad entrainment.  

3.1.3.1 Installation 

A single split beam system of four transducers was installed at the Northfield Mountain Project 

intake/tailrace channel. Each transducer was mounted to a bracket and affixed to the top of a concrete wall 

(Figure 3.1.3-1). The transducers were installed at an elevation of approximately 178 feet msl (~2 ft below 

the top of the intake structure and ~5 ft above the top of the intake opening), aimed downward, slightly 

away from the intake structure, approximately 10° downstream from vertical. Viewed from the front of the 

intake, each transducer was aimed along the center line of one of the four intake bays (Figure 3.1.3-2). All 

transducers were calibrated by Simrad prior to installation and any calibrations with differences greater 

than 0.5 dB from the expected echo strength of the 22 mm tungsten carbide calibration sphere were offset 

during data processing. 

3.1.3.2 Sampling Scheme 

The overall area sampled by the four transducers represented approximately 24% of the total intake area. 

Each transducer sampled 50% of the time. The GPT pinged on two transducers simultaneously (fast-

multiplex), alternating every 15 minutes between two pairs (slow-multiplex). In this multiplexing scheme, 

the GPT started at the top of the hour with a fast-multiplex on Transducers 1 and 3. After 15 minutes, the 

GPT switched to a fast-multiplex on Transducers 2 and 4, and so on. Sampling parameters for the sonar 

system included a power level of 35 W and pulse duration of 0.128 ms. 

3.1.3.3 Data Analysis 

While the monitoring system was programmed to record data continuously, only data collected during 

pumping operations were used for target identification on echograms as these data were pertinent to 

entrainment. Further, discharge during generation created unfavorable flow conditions (e.g., increased 

turbulence) resulting in data unsuitable for target identification. This subset of the data (i.e. pumping) was 

initially processed using similar techniques as described for data collected at Cabot Station (see Section 

3.1.1.3 above).  

The following criteria were applied to filter the dataset and estimate the number of juvenile shad entrained 

at Northfield Mountain as follows: 

1. The mean elevation of the fish for the duration it was tracked was less than or equal to 172 feet msl 

(top of the intake opening); and 

2. The fish’s movement was within ± 45° of an imaginary straight line spanning between the 

transducer and the intake (see Figure 3.1.3-3). Fish moving horizontally across the intake face or 

away from the intake were considered to be engaging in milling behavior; these fish were not 

considered to be entrained. 

3. The size of a fish was within the expected length range of juvenile American Shad (62-120 mm in 

total length). The length criteria varied by month as shown in Table 4.1.1-1. 
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3.1.4 Verification Sampling 

Concurrent with the hydroacoustic study, sampling was performed at the Cabot Station bypass sampler over 

several discrete events (15) to determine the species identity of targets observed in the hydroacoustic data 

and compare the proportion of juvenile shad passing via the downstream bypass (in the Turners Falls Power 

Canal) and Cabot Station. These sampling events began on September 9, 2015 and continued through 

October 28, 2015. Sampling was conducted during evening hours (generally between 16:00-22:00 hrs). All 

juvenile American Shad were counted during sampling and 50 were randomly selected and measured for 

total length per night.  
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Figure 3.1.1-1: Overview of Cabot Station with the Red Circles Indicating the Location of the Split Beam 

Transducers used to Monitor Juvenile Shad Entrainment 
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Figure 3.1.1-2: Cabot Station Section View through the Intake Bays at Unit 3 showing the Location of the 

Transducer Mount and an Outline of the Beam Volume Sampled. Please note that the elevation data 

presented in this drawing are from a datum no longer used at the projects.  
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Figure 3.1.2-1: Location of the Four Split Beam Transducers (in red, not to scale) used to Monitor Juvenile 

Shad as they Migrate through the Turners Falls Power Canal 

 

 

Figure 3.1.2-2: Custom Leveling Mount used to Position the Split Beam Transducers on the Bottom of the 

Cabot Power Canal.  
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Figure 3.1.2-3: Section view of the Turners Falls Power Canal where the Four Split Beam Transducers were 

Located  
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Figure 3.1.3-1. Concrete Wall at the Northfield Mountain Project Intake/Tailrace where Transducers were 

Installed to Monitor Juvenile Shad Entrainment 

 

 

Figure 3.1.3-2: Section view of the Northfield Mountain Project Intake Structure depicting the Location and 

Orientation of the Split Beam Sonar used to Monitor Entrainment of Juvenile Shad 
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Figure 3.1.3-3. Overhead view of the NMPS intake/tailrace area depicting the area of monitoring via split beam 

hydroacoustics and the orientation of movement of fish targets within the acoustic beam.  
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3.2 Evaluation of Passage Routes (Radio Telemetry) 

Radio telemetry techniques were used to evaluate route selection and rate of movement of emigrating 

juvenile shad as they passed through the Northfield Mountain and Turners Falls Projects.  

3.2.1 Source of Test Specimens 

Although the RSP envisioned the use of hatchery-reared juvenile shad, feasibility testing by the 

TransCanada study team in 2014 (NAI, 2014) showed that the behavior of hatchery fish appeared to be 

different than that of wild fish. Despite this observation, testing using hatchery fish was attempted in 2015 

in favor of using the larger hatchery fish that could better handle the tag, but was abandoned due to high 

transport and handling mortality. In place of hatchery-reared juvenile shad, wild specimens were collected 

at the Cabot downstream bypass sampler between October 4 and October 19, 2015. Juvenile shad were 

collected in the evenings (generally between 16:00-22:00) and transported in an aerated live well (90 

gallons) by truck to the TF Gatehouse where they were divided into three 1,000 gallon circular holding 

tanks with flow-through ambient river water supplied from the impoundment. A constant inflow to the 

tanks was provided by three sump pumps, each of which was powered by a dedicated electrical circuit. 

Flow from the pumps was distributed evenly between the tanks using a manifold system at a rate of 

approximately 2000 gallons per hour in each tank. The circulating inflow discharged from the inlet hoses 

at a height of approximately 6 inches above the water surface and was oriented along the outer wall of the 

circular tank. The cascading flow and orientation help to maintain an adequate dissolved oxygen level 

within the tanks and provided a circular flow into which the juvenile shad could orient. Circulated water 

was discharged back to the impoundment via a stand pipe drain in each tank such that a depth of 

approximately 3 ft was maintained. Salt blocks (50lb) were added to each of the tanks daily to raise the 

salinity within the holding tanks and reduce osmoregulatory stress by acclimatization to seawater, which 

has been shown to reduce handling stress, behavior perturbation and mortality (Shrimpton et al. 2001). The 

holding tanks were covered with a 1/8 inch mesh netting and shaded under canopies (Figure 3.2.2-1). Each 

tank was monitored for water quality and fish mortality on a nearly daily basis. 

3.2.2 Tagging Methodology 

A Lotek NanoTag Series Model NTQ–1 was externally affixed to 218 juvenile shad. Only shad displaying 

no external injuries or abnormalities (e.g. wounds, substantial scale loss, lesions, etc.) and no atypical 

behavioral characteristics were selected for tagging. The Lotek NanoTag is the smallest radio tag 

commercially available and has the following characteristics: 

 5 mm wide 

 3 mm high 

 10 mm long 

 0.26 g weight in air 

 A tag life of 10 days at a 2 second burst rate 

The juvenile shad tags operated on three frequencies; 150.340, 150.360, and 150.380 MHz. Concurrent 

study efforts were conducted upstream by TransCanada near the Vernon Project and tag frequencies and 

parameters were coordinated between the studies such that this study could take advantage of all the test 

fish in the study area.  

Juvenile shad from the holding tanks were transported in small groups (~80) to the release location by boat 

in a live well (90 gallons). Large shad, free from scale loss and observable injuries were selected for tagging. 

Juvenile shad were transferred from the holding tank by brail and placed in a 5 gallon bath of carbonated 

water (~1 liter) and ambient river water (~19 liters) for approximately 1 minute, or until anesthetized. Tags 

were affixed to barbed No. 16 dry fly hooks (Figure 3.2.2-2) as recommended in the feasibility study 



Northfield Mountain Pumped Storage Project (No. 2485) and Turners Falls Hydroelectric Project (No. 1889) 

EVALUATE DOWNSTREAM PASSAGE OF JUVENILE AMERICAN SHAD 

  3-14 

conducted for TransCanada (NAI, 2014). The fish were kept in the water while the hooks were inserted 

into the dorsal musculature just below the dorsal fin. Once tagged, the fish were held in a small circular 

recovery tank (~8 gallons) for observation (approximately 15 minutes) to verify initial survival and tag 

retention (Figure 3.2.2-3). The transport tank and recovery tank were aerated and salted to maintain 

adequate levels of dissolved oxygen and minimize osmoregulatory stress. Once recovered from the tagging 

process, tagged fish were released along with 30 to 50 untagged juvenile shad to promote schooling 

behavior. 

Fifty (50) juvenile shad was placed in a 90-gallon tank and tagged with mock tags that consisted of tin BB 

weights attached to dry fly hooks to serve as controls (Figure 3.2.2-4). The weight and approximate size of 

the control tag (~0.3 grams) was similar to the Lotek NanoTag. Control-tagged shad were held in an oval 

shaped 90 gallon tank with a flow through system to provide oxygenated water to the fish. The flow rate 

was approximately 200 gallons per hour. The status of the control fish was assessed by counting the number 

of mortalities in the tank each day, and recording if the tag remained attached or was shed. Total length 

(mm) was measured for each fish after the observation period, which lasted for 7 days.  

3.2.3 Release Events 

Tagged shad were released at two sites in the TFI. The first was approximately 1.5 miles upstream of the 

Northfield Mountain Project intake/tailrace and the other was in the lower impoundment, about 1.25 miles 

upstream of the TFD (Figure 3.2.3-1). The releases upstream of the Northfield Mountain Project occurred 

on six days between October 12 and 20, 2015 and on three days between October 12 and 15, 2015 at the 

lower impoundment site upstream of the TFD (Table 3.2.3-1). Upstream releases were scheduled such that 

cohorts of test fish would experience a range of NMPS Project pumping scenarios (i.e. 1, 2 and 3 pumps). 

Unit 4 was in an outage during the study period and did not operate.  

3.2.4 Monitoring 

Tagged juvenile shad were monitored at 13 locations within the study area in accordance with the RSP and 

FERC’s SPDL (Table 3.2.4-1). The radio monitoring systems were outfitted with either an Orion receiver, 

a Lotek SRX 400 receiver, or a Lotek SRX 800 receiver. A combination of 3-element yagi antennas and 

dropper antennas were used throughout the study area. Stations with Lotek SRX 400 or 800 receivers were 

set up with two receivers to reduce the scan time. The first receiver was set to scan frequencies 149.400, 

149.420, 149.440, 149.740, and 149.760 MHz. The second receiver was set to scan frequencies 150.340, 

150.360, 150.380 and 150.600 MHz. The additional frequencies included here were in support of other 

telemetry studies including those conducted by TransCanada as well as for Study No. 3.3.5 Evaluate 

Downstream Passage of American Eel. Data were downloaded from each radio receiver approximately 

once a week from September 28 to December 4, 2015 (date range inclusive of required American Eel 

monitoring period).  

The radio telemetry monitoring system was tested and calibrated in the field prior to tagging and release of 

test fish (Appendix A). Figures 3.2.4-1 to 3.2.4-6 depict the approximate detection zones of the fixed 

monitoring locations listed in Table 3.2.4-1.  

3.2.5 Data Analysis 

3.2.5.1 Data Reduction and Management 

A proprietary probabilistic method for removing false positives was developed and applied to the dataset. 

Radio telemetry receivers record four types of detections based upon their binary nature; true positives, true 

negatives, false positives and false negatives (Beeman & Perry, 2012). False negatives arise from a variety 

of causes including insufficient detection area, collisions between transmitters, interference from ambient 

noise or weak signals (Beeman & Perry, 2012). While the probability of false negatives can be quantified 

from sample data as the probability of detection, quantifying the rate of false positives (type I error) is more 

http://gse-share04:1490/SharedDocuments/2016%20Study%20Report%203_3_3/Figure%203.2.3-1.pdf
http://gse-share04:1490/SharedDocuments/2016%20Study%20Report%203_3_3/Figure%203.2.4-1.pdf
http://gse-share04:1490/SharedDocuments/2016%20Study%20Report%203_3_3/Figure%203.2.4-6.pdf
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problematic (Beeman & Perry, 2012). Inclusion of false positives in a dataset can bias study results in two 

ways: they can favor survivability through a project by including animals that weren’t there, or they can 

increase measures of delay when an animal has already passed. For the purposes of this study, false positive 

reduction methods relied upon a few metrics, including power floors, reliance on consecutive detections in 

series, logical errors in site progression and subjective opinion. We relied upon data and quantitative insight 

to reduce the amount of subjectivity in the analysis.  

Following removal of false positives, data were entered into a dedicated Microsoft Access database for 

analysis. Quality assurance and quality control (QA/QC) procedures were conducted for each receiver and 

consisted of checking for systematic errors for all juvenile shad tagged, released and detected in the 

telemetry network3 (Figure 3.2.5-1). Such systematic errors included improbable site progression, or the 

acceptance or rejection of a detection when its supporting data provided overwhelming evidence to suggest 

that it belonged to another class. For example, these errors could include accepting a record as true with 

low power, low hit ratio (< 0.10), high misread ratio, non-consecutive detections and detections not in series. 

If systematic errors like this were identified, the analysis of the data at the site was reclassified after making 

adjustments to the model and training dataset. Following QA/QC procedures and removal of any remaining 

non-systematic but spurious detections, a three-dimensional visualization tool was developed to show the 

position of each tagged juvenile shad within the telemetry network over time. The tool was useful to 

determine passage routes and/or route selection and to perform a visual inspection of the data. 

3.2.5.2 Rate of Movement 

The amount of time that each fish spent within the impoundment was determined by using the time from 

release and last known detection at any given fixed telemetry station within the impoundment. Distance 

from the release location to the last known fixed telemetry station detection was determined in RMs. These 

data were used to calculate migration rate, distance per hour (RM/h). If a fish passed through the Turners 

Falls Project, the time of release to the time of the last detection closest to the dam and/or Gatehouse was 

used. The same procedure was used for the bypass reach and the power canal. 

The time a fish spent in the TFI and the rates of movement included time in which the fish spent milling in 

front of a barrier (i.e, Turners Falls Dam or Gatehouse). If fish did not pass through the structures, they still 

remained in the impoundment and that time was factored into the rate of movement calculation regardless 

of how long they remained.  

3.2.6 Canal Escapement during Drawdown 

Prior to the drawdown of the Turners Falls Power Canal that FirstLight conducts annually in the fall for 

maintenance purposes, eight tagged juvenile shad were released in the upper portion of the canal just 

downstream of Gatehouse and nine were released in the lower portion of the canal where it begins to widen 

along Migratory Way (Figure 3.2.6-1). The intent was to gather information of the fate of juvenile shad in 

the canal as water is released for the drawdown event. Juvenile shad were tagged and released into the canal 

the evening of October 4, 2015. Subsequent to release, mobile tracking was performed on October 5, 2015 

in an attempt to locate the tagged fish and determine escape routes. Mobile tracking was conducted along 

the entire length of the power canal on foot or via truck, using a Lotek SRX 800 receiver and a yagi antenna. 

An objective of Study 3.3.18 Impacts of the Turners Falls Canal Drawdown on Fish Migration and Aquatic 

Organisms was to assess whether juvenile shad and American Eel abundance in the canal increases leading 

up to the time of its closure, due to delays in downstream passage (e.g., is fish accumulation occurring). 

This objective is addressed in the present study, regarding juvenile American Shad. Shad were monitored 

at the Cabot intake leading up to the canal drawdown using split beam hydroacoustics. These data were 

used to estimate entrainment rate at Cabot Station, which has an assumed positive relationship to shad 

                                                      
3 The telemetry node refers to either a Set or a single Telemetry receiver/s, the Edge implies the connection between 

nodes.  

http://gse-share04:1490/SharedDocuments/2016%20Study%20Report%203_3_3/Figure%203.2.6-1.pdf
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abundance within the power canal such that as the entrainment rate increases so must the abundance in the 

canal. Entrainment rate at Cabot Station was plotted over time and used to investigate the potential for shad 

accumulation within the power canal leading up to the drawdown.  
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Figure 3.2.2-1. Tanks used to hold juvenile shad at the TF Gatehouse.  

 

 

Figure 3.2.2-2. Lotek NanoTag Series Model NTQ–1 affixed to a No. 16 Dry Fly Fishing Hook 
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Figure 3.2.2-3. Tagged juvenile Shad in the Recovery Tank Prior to Release. 
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Figure 3.2.2-4. Juvenile Shad Equipped with Mock Tag 
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Table 3.2.3-1. Summary of Juvenile Shad Release Events 

Release Location Release Date Release Time Count Cumulative 

Total 

No. Units 

Pumping at 

NMPS 

Upper Canal October 4, 2015 20:45 8 8 1 

Lower Canal October 4, 2015 22:25 9 17 1 

Upstream of TFD October 12, 2015 19:20 20 37 2 

Upstream of NMPS October 12, 2015 20:45 20 57 2 

Upstream of TFD October 13, 2015 20:45 20 77 3 

Upstream of NMPS October 13, 2015 20:05 24 101 3 

Upstream of TFD October 15, 2015 19:45 23 124 3 

Upstream of NMPS October 15, 2015 20:10 24 148 3 

Upstream of NMPS October 16, 2015 20:55 24 172 2 

Upstream of NMPS October 19, 2015 19:10 24 196 3 

Upstream of NMPS October 20, 2015 20:10 22 218 2 

 

Table 3.2.4-1. Telemetry Monitoring Station Locations and Equipment 

Location Station ID RM Receiver Station Equipment 

Montague 

Wastewater 

T18 118.5 A Lotek SRX receiver with double yagi antennae and two dropper 

antennas monitored the full width of the river 

Cabot Station 

Tailrace 

T17 & T19 119.3 A Lotek SRX with yagi antenna monitored the full river width. An Orion 

receiver and double yagi antennae monitored the trailrace immediately 

downstream of the station 

Cabot Station 

Forebay 

T171, 

T172, 

T173, & 

T174 

119.3 Four radio receivers monitored the forebay area: 

1) An Orion with a double yagi and two Orions with two dropper 

antennae each monitored the full width of the forebay area 

2) An Orion with dipole antenna monitored the entrance to the 

Cabot downstream bypass 

Station No. 1 

Forebay 

S4 (T13 & 

T14) 

121.2 two Orions with yagi and two dropper antenna each monitored the full 

width of the forebay area 

Station No. 1 

Tailrace 

T15 121.2 A Lotek SRX with yagi antenna monitored the tailrace area and the 

detection zone extended coverage across the full width of the wetted 

bypass reach  

Below 

Turners Falls 

Dam 

T11, T12, 

& T20 

122.1 Three Orions receivers with double yagi antennae monitored the area 

below the dam, one on either side of the river bank and one mid dam to 

monitor the discharge from bascule gate 4. 

Upper Canal T10 122 An Orion with a yagi and three dropper antenna monitored the full width 

of the canal at the foot bridge located downstream of the Gatehouse in the 

upper canal to monitor fish entering the canal from upstream 

Upstream of 

Gatehouse 

T9 122.2 An Orion receiver with yagi and three dropper antennas was used to 

monitor the area immediately upstream of Gatehouse 

Turners Falls 

Impoundment 

S3 (T7 & 

T8) 

122.4 Two Lotek SRX receivers, one on each side of the impoundment, with 

double yagi and five dropper antennae monitored the full width of the 

river 

NMPS Gill 

Bank 

S2 (T5 & 

T6) 

127.2 Two Lotek SRX receivers, one on each side of the river, with double yagi 

and two dropper antennae monitored the full width of the river 

NMPS Intake T3 127.7 An Orion with double yagi and two dropper antennae monitored the 

intake area 

NMPS Upper 

Reservoir 

T4 127.7 An Orion with yagi and three dropper antennas was used to monitor the 

upper reservoir 

Shearer 

Farms 

S1(T1 & 

T2) 

128.2 Two Lotek SRX recievers, one on each side of the river, with double yagi 

and six dropper antenna were used to monitor the full width of the river 
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3.3 Operation and Water Quality Data 

FirstLight maintains a database of generation and flow data for the Northfield Mountain and Turners Falls 

Projects. Generation and/or flow data (15-minute intervals) for Northfield Mountain, the Turners Falls 

Power Canal, TFD, Station No. 1, and Cabot Station were extracted from FirstLight’s database and 

summarized to assess Project effects on juvenile shad emigration. Water temperature and dissolved oxygen 

measurements recorded at 15-minute intervals were obtained from loggers installed in 2015 in support of 

Study No. 3.2.1 Water Quality Monitoring Study. Water Quality Monitoring Site No. 4 was located in the 

vicinity the Northfield Mountain intake/tailrace and Water Quality Monitoring Site No. 10 was located in 

the Turners Falls Power Canal. Data recorded during the juvenile shad study period were summarized to 

depict water temperature and dissolved oxygen levels in the vicinity of the Northfield Mountain 

intake/tailrace and Turners Falls Power Canal throughout the emigration period. Precipitation data were 

obtained online from Weather Underground’s monitoring station located at the Orange Municipal Airport 

in Orange, MA (Station KORE) to investigate the potential relationship to the magnitude and timing of 

juvenile shad emigration.  
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4 RESULTS 

4.1 Run Timing, Duration, and Magnitude (Hydroacoustics) 

The split beam sonar systems recorded data throughout the 2015 juvenile American Shad emigration period. 

Results pertaining to the timing, duration, and magnitude of the 2015 outmigration event in relation to 

Cabot Station, the Turners Falls Power Canal, and the Northfield Mountain Project are presented below. 

4.1.1 Cabot Station 

Review of the split beam sonar data indicated juvenile shad-sized targets were present in the vicinity of 

Cabot Station throughout the monitoring period spanning August 1 to November 14, 2015. Based on the 

results of sampling at the Cabot bypass sampler (Section 4.1.4 below), targets within approximately ±15 

mm from mean length of shad collected by month were considered to be American Shad (Table 4.1.1-1).  

Juvenile American Shad entrainment was observed throughout the study period, with an apparent trimodal 

peak in entrainment occurring on August 17, September 30, and November 8, 2015 (Figure 4.1.1-1). 

Considering the assumptions and filtering criteria defined in Section 3.1.1.3 above, it is estimated that 

1,660,166 shad-sized targets (62-120 mm in length) were entrained at Cabot Station between August 1 and 

November 14, 2015. Flow through Cabot Station4 fluctuated in relation to the number of units operating 

(Figure 4.1.1-1). The distribution of entrainment by unit was such that almost half (46%) of the overall 

seasonal entrainment was attributable to Unit 6, despite the more frequent operation of Unit 1 (Figure 4.1.1-

2). 

Entrainment was estimated on an hourly basis to investigate diel distribution. The hourly rate of entrainment 

was summed for each hour of the day to calculate the total entrainment of all 6 Cabot units (when in 

operation) to determine the proportion of hourly entrainment throughout the study period at Cabot Station. 

Entrainment occurred throughout the day, with peak entrainment occurring within the 2000 hour, during 

which 8.53% of the total entrainment occurred at Cabot Station (Figure 4.1.1-3). The proportion of 

entrainment generally increased from noon (2.65%) to the peak (8.53%) at 2000 hours and then decreased 

hourly to 1.88% by 0100 hours. The lowest proportion of entrainment at Cabot Station occurred between 

0100 hours and 0900 hours.  

The daily volume (cubic feet, ft3) of water passed through Cabot Station and entrainment estimates were 

logarithmically transformed for normalization (Figures 4.1.1-4 and 4.1.1-5) and compared to investigate 

potential relationships with a linear regression (Figure 4.1.1-6). The relationship was determined to be 

significant (p<0.05). In this case, the significance of a positive correlation indicated that entrainment 

increased with the volume of water passed through Cabot Station.  

Water temperature as recorded at Water Quality Site No. 10 in the Turners Falls Power Canal was about 

25°C at the onset of the monitoring period, obtained a maximum of 26.5°C in mid-August, and decreased 

to 7.9°C by the end of the study period in mid-November (Figure 4.1.1-7). Dissolved oxygen levels 

remained adequate to support shad and other aquatic life (greater than 5.0 mg/L) throughout the monitoring 

period. 

4.1.2 Turners Falls Power Canal 

The high levels of milling behavior observed by shad sized targets in the Turners Falls Power Canal did not 

allow for data reduction to accurately estimate the run timing, duration, and magnitude of juvenile shad 

outmigration. Analysis of the data revealed a substantial number of targets that appeared to be milling as 

opposed to moving in a downstream direction. This presents difficulty when attempting to enumerate 

                                                      
4 The hydraulic and electrical capacity of Cabot Station is 13,728 cfs and 62,016 kW, respectively. To estimate flow 

through Cabot station the following conversion factor was applied – 1 kWH ~ 0.2214 cfs (13,728/62,016).  
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individual targets as there are no means to account for targets moving in and out of the same beam or targets 

moving between beams (i.e., targets are subject to being counted multiple times). While the data suggest 

that juvenile American Shad sized-targets were present in the vicinity of the Sixth Street Bridge for the 

entire monitoring period, accurate estimates of the seasonal and daily distribution could not be determined 

due to the limitations described herein.  

4.1.3 Northfield Mountain 

Juvenile shad-sized targets were present in the vicinity of the Northfield Mountain Project intake/tailrace 

area for the duration of the monitoring period. Size criteria for assigning targets as juvenile American Shad 

were the same as those described above for Cabot Station (based on bypass sampler mean lengths). Similar 

to the discussion in Section 4.1.2 above, hydroacoustics data collected in the Northfield Mountain Project 

intake/tailrace channel could not be used for estimating the magnitude of juvenile American Shad entrained 

due to excessive milling observed in the data set. Some level of milling is common in split beam data sets 

and is accounted for in the entrainment estimate using criteria No. 2 described in Section 3.1.3.3. However, 

data collected at the NMPS intake exhibited such high levels of milling that a valid entrainment estimate 

could not be achieved. This result was likely due to the water velocity at the monitoring area, which was 

not high enough to obligate entrainment. Due to logistical constraints, the transducers at Northfield 

Mountain could only be mounted in front of the intake, a point at which fish were not obligated to pass due 

to low water velocities. An analysis of the data revealed that substantial milling of fish was observed at the 

monitoring location and this behavior prevented an accurate estimate of entrainment due to the potential 

for individual fish to be counted multiple times by moving into and out of the acoustic beam.  

In 2015, the TransCanada study team evaluated the diel movement of juvenile shad at the Vernon Project 

located upstream of the NMPS intake. Through the use of radio telemetry methods they determined that the 

majority (85.5%) of tagged juvenile American Shad passed through Vernon Dam between the hours of 

16:00 and 23:00, but only 8.7% of the 241 shad that passed through the Vernon facility migrated between 

00:00 and 06:00, the hours when the majority of the pumping occurs at Northfield Mountain (NAI 2016). 

Twenty three rain events occurred during FirstLight’s study period ranging from trace amounts to nearly 

2.4 inches of rain on September 30, 2015 (Figure 4.1.3-1). Water temperature as recorded at Water Quality 

Site No. 4 in the vicinity of the Northfield Mountain intake/tailrace was about 25°C at the onset of the 

monitoring period, obtained a maximum of 26.5°C in mid-August, and decreased to 7.9°C by the end of 

the study period in mid-November (Figure 4.1.3-2). Dissolved oxygen levels remained adequate to support 

shad and other aquatic life (greater than 5.0 mg/L) throughout the monitoring period.  

4.1.4 Verification Sampling 

Over 15 sampling nights between September 9 and October 28, 2015, 11,351 juvenile American Shad were 

counted at the Cabot Station bypass sampler (Table 4.1.4-1). Of these, 443 were measured for total length 

(Figure 4.1.4-1). Fish were not measured on the nights of October 12-14 and 19, 2015 in an attempt to 

reduce the stress from handling on fish that would later be used for the radio telemetry and survival 

components of this study. Measured shad ranged in length from 60 mm to 145 mm, with a mean total length 

for the entire sampling period of 91 mm. Mean total length increased throughout the course of the sampling 

period (Figure 4.1.4-2). The trend in mean length observed from fish collected at the Cabot Station bypass 

sampler was considered in analysis of the split beam sonar data as indicated above. 

Observations of other species were noted during each sampling event. Nine individuals representing five 

species were observed (Table 4.1.4-1). Overall, juvenile American Shad dominated the catch and accounted 

for more than 99.9% of the observations. As such, it was assumed that 99.9% of the targets ranging in total 

length from 60 mm to 120 mm observed during processing of the split beam sonar data were juvenile 

American Shad. 
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The number of juvenile shad observed at the bypass sampler was directly compared (over the same period 

of time) to the number of juvenile shad-sized targets identified in echogram processing of Cabot Station 

split beam data (for all units in operation during that period) to investigate the proportion of bypassed shad 

versus estimated entrained shad as they migrate out of the canal (Figure 4.1.4-3; Table 4.1.4-2). Based on 

concurrent observations at the bypass sampler and Cabot Station intake, it was estimated that an average of 

approximately 43% of juvenile shad exit the canal via the downstream bypass and 57% are subject to 

entrainment at Cabot Station.   
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Table 4.1.1-1. Mean Length of Shad collected at Cabot Station Bypass Sampler and Ranges considered for 

Targets identified as Juvenile American Shad. 

Month Mean Length (mm) 
Length (mm) Range 

for Shad Targets 

August 77 62 – 92 

September 92 75 – 107 

October 103 88 – 118 

November 109 94 – 120 

 

 

Figure 4.1.1-1. Estimated Entrainment of Juvenile Shad-Sized Targets and Daily Mean Flow at Cabot 

Station 
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Figure 4.1.1-2. Proportion of Total Estimated Entrainment and Operations by Unit at Cabot Station 

during August 1 to November 15, 2015 

 

 

Figure 4.1.1-3. Diel distribution of entrainment at Cabot Station for all units throughout the study period 

August 1 – November 14, 2015.  
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Figure 4.1.1-4. Histogram of Total Daily Volume (ft3, transformed ^0.5) at Cabot Station from August 1 to 

November 14, 2015 

 

 

Figure 4.1.1-5: Histogram of Log Transformation of Daily Fish Counts at Cabot Station from August 1 to 

November 14, 2015 

  



Northfield Mountain Pumped Storage Project (No. 2485) and Turners Falls Hydroelectric Project (No. 1889) 

EVALUATE DOWNSTREAM PASSAGE OF JUVENILE AMERICAN SHAD 

  4-7 

 

Figure 4.1.1-6: Relationship between Daily Total Volume (ft3, transformed ^0.5) and the Daily Estimated 

Entrainment (log transformed) at Cabot Station from August 1 to November 14, 2015 
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Figure 4.1.1-7. Continuous Water Temperature and Dissolved Oxygen Data recorded at Water Quality 

Station No. 10 located in the Turners Falls Power Canal. 

No data were recorded during the canal outage from October 5 to October 10, 2015. 
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Figure 4.1.3-1. Total Daily Precipitation throughout the Monitoring Period as measured at Weather 

Station KORE in Orange, MA 
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Figure 4.1.3-2. Continuous Water Temperature and Dissolved Oxygen Data recorded at Water Quality 

Station No. 4 Located in the Vicinity of the Northfield Mountain Project Intake/Tailrace Area.  

The Water Quality Study required dissolved oxygen data collection through September 30, 2015. Water 

temperatures were collected through mid-November. 
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Table 4.1.4-1. Summary of Sampling Efforts at the Cabot Station Bypass Sampler in the Turners Falls Power 

Canal 

Date Start Time End Time 
Total Shad 

Count 

Mean Total Length 

(mm) 
Bycatch 

9/9/15 15:45 18:15 0   

9/10/15 18:45 21:00 293 83.1  

9/15/15 16:00 22:00 1,263 82.2 1 Catfish, 1 Blueback Herring 

9/17/15 16:30 22:12 1,770 80.4 1 Blueback Herring 

9/21/15 15:30 22:30 158 87.7  

9/23/15 15:30 22:30 23 83.8  

9/28/15 15:30 22:00 20 95.3  

9/30/15 15:30 22:00 855 92.4 2 Eel 

10/12/15 16:20 21:50 404 N/A 2 Smallmouth Bass, 1 Pickerel 

10/13/15 16:20 22:00 1,032 N/A  

10/14/15 15:30 22:00 172 N/A  

10/19/15 16:00 22:00 976 N/A  

10/21/15 15:30 22:00 675 99.0  

10/26/15 15:40 22:00 2,086 99.4  

10/28/15 15:45 22:00 1,624 102.0 1 Eel 

Total 11,351  9 
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Figure 4.1.4-1: Length Distribution of Juvenile Shad collected at the Cabot Station Bypass Sampler 

 

 

Figure 4.1.4-2: Total Length of Juvenile Shad measured at Cabot Station Bypass Sampler  

Red and green lines indicate the range from the mean used in processing hydroacoustic data. 
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Figure 4.1.4-3. Counts of Juvenile Shad observed at Cabot Station Bypass Sampler and Acoustic Targets at 

Cabot Station Intake during Concurrent Sampling Events  

 

Table 4.1.4-2. Summary of Concurrent Sampling Results to determine Juvenile Shad Passage Routes through 

the Canal 

Date 

Start 

Time 

End 

Time  

No. Units 

Operating 

Total 

Count % Bypass 

% Cabot 

Station 

9/9/2015 15:45 18:15 0 to 2 1,545 0% 100% 

9/10/2015 18:45 21:00 0 293 100% 0% 

9/15/2015 16:00 22:00 5 to 2 2,002 63% 37% 

9/17/2015 16:30 22:12 5 to 0 4,153 43% 57% 

9/21/2015 15:30 22:30 1 237 67% 33% 

9/23/2015 15:30 22:30 1 197 12% 88% 

9/28/2015 15:30 22:00 1 145 14% 86% 

9/30/2015 15:30 22:00 6 12,617 7% 93% 

10/12/2015 16:20 21:50 5 to 1 to 5 2,945 14% 86% 

10/13/2015 16:20 22:00 1 to 0 to 3 2,414 43% 57% 

10/14/2015 15:30 22:00 1 to 3 172 100% 0% 

10/19/2015 16:00 22:00 1 to 4 3,187 31% 69% 

10/21/2015 15:30 22:00 1 to 4 2,011 34% 66% 

10/26/2015 15:40 22:00 2 to 4 3,404 61% 39% 

10/28/2015 15:45 22:00 1 to 3 3,001 54% 46% 

    Mean 43% 57% 
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4.2 Evaluation of Passage Routes (Radio Telemetry) 

4.2.1 Tagging Control Experiment 

Fifty (50) juvenile shad equipped with mock tags of the same weight and approximate size as the Lotek 

NanoTag were held to assess tag retention and mortality as well as any effects on behavior. The mock tags 

were affixed on October 15, 2015. Fish were observed each day post-tagging for one week and mortalities, 

tag loss and tag retention were recorded (Table 4.2.1-1). Mortality in the first two days was high; 40 juvenile 

shad (80%) had died by the end of the October 17. The mortality rate decreased in the remaining days of 

the experiment. Seven days after tagging, only one live fish remained in the control tank. Overall, 20 shad 

(40%) shed or lost their tags. Field staff noted that swimming behavior was irregular, such that fish were 

listing to one side (tag side down) and did not appear to be swimming normally.  

4.2.2 Routes of Passage 

A total of 218 juvenile shad were tagged and released at two locations (see Table 3.2.3-1). Despite prior 

consultation with the TransCanada study team, 48 radio-tagged American Eels were released in support of 

TransCanada relicensing efforts upstream of the Project area using identical frequencies and codes, after 

the tagged juvenile shad had been released. Of those, 18 redundant tag ID’s (Table 4.2.2-1) had to be 

removed from the juvenile shad telemetry dataset to eliminate any ambiguity in the analysis. Of the 

remaining 200 tagged juvenile shad, 17 were released in the canal prior to the drawdown on October 4, 

2015 to assess juvenile shad escape routes per the request of stakeholders.  

The remaining tagged fish (n = 183) were released either 1.5 miles upstream of the Northfield Mountain 

intake/tailrace (n= 129) or 1.25 miles upstream of the TFD (n=54) (see Figure 3.2.3-1). A large proportion 

of tagged juvenile shad (n=70, 38% of releases) were never detected at any of the fixed telemetry stations 

(Figure 4.2.2-1). A similar proportion of tagged juvenile shad (n=71, 39% of releases) remained in the TFI 

and was never detected at or downstream of the TFD and Gatehouse. Only two juvenile shad (1% of releases) 

passed over the TFD and 16 (9% of release) passed through to the power canal. The remainder of juvenile 

shad were last detected at the Northfield Mountain Project intake/tailrace receiver station (n=21, 11% of 

releases) or the Northfield Mountain Upper Reservoir station (n=3, 2% of releases). All three shad detected 

in the upper reservoir were previously detected at the intake/tailrace station.  

A total of 129 tagged juvenile Shad were released upstream of the NMPS intake/tailrace area. Of those, 77 

shad (60% of release) were detected at Shearer Farms fixed telemetry monitoring station (T1 and T2) 

located approximately 1.2 river miles downstream of the release point and approximately 0.5 miles 

upstream of the NMPS intake/tailrace. These fish represent the cohort of emigrating fish that entered the 

NMPS area. Thirty two of these fish emigrated past the NMPS intake/tailrace area and continued 

downstream approximately 0.66 miles downstream of the NMPS intake/tailrace where they were detected 

at that Gill Banks monitoring station (T5 and T6) for a passage rate of 41.6 % through this reach of the TFI. 

Of the fish that entered this reach 72.7% were either detected in the NMPS intake/tailrace area, the upper 

reservoir or downstream of the NMPS intake/tailrace; leaving 27.3% undetected. Three fish were entrained 

and detected in the Upper Reservoir of Northfield Mountain, suggesting an entrainment rate of 3.9%. 

Twenty-one (21) additional fish were last detected at the Northfield Mountain intake/tailrace and were 

never detected again at any of the telemetry receiver stations. Of those 21 fish, 14 were last detected at the 

Northfield Mountain intake/tailrace during pumping operations. 

After entering the Turners Falls Power Canal, juvenile shad (n=16) experienced various flow regimes 

(Figure 4.2.2-2). As depicted in Figure 4.2.2-2, twelve (12) fish (IDs 1, 2, 5, 6, 7, 9, 10, 12, 13, 14, 15 and 

16) are only depicted as dashes because they were initially detected at the upstream end of the canal via 

mobile tracking and never detected subsequently at any other fixed telemetry sites within the canal or 

anywhere downstream (Table 4.2.2-2). Most of these fish presumably experienced the flow regimes 

http://gse-share04:1490/SharedDocuments/2016%20Study%20Report%203_3_3/Figure%203.2.3-1.pdf
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depicted in Figure 4.2.2-2; however, it remains unknown whether they died, ended up in a non-detectable 

region of the canal, exited the canal without detection, or if the tags stopped working or were shed.  

4.2.3 Rate of Movement 

Juvenile shad (n=113, 61.7% of releases) detected at the impoundment receiver stations exhibited a mean 

rate of downstream movement of 0.31 RM/h (Table 4.2.3-1).  

Two fish passed the TFD and only one was detected further downstream by the yagi antenna located at the 

Station No. 1 tailrace. The second fish that passed TFD was only detected immediately below the TFD and 

never again at any downstream stations. The fish that passed the TFD continued through the bypass reach 

to the Station No.1 tailrace at a rate of 1.45 RM/h (Table 4.2.3-1). 

Sixteen juvenile shad (9% of releases) were detected at the upstream end of the canal and only four of those 

fish were detected subsequently further downstream (Table 4.2.2-2). Three shad were subsequently detected 

in the Cabot tailrace and were likely entrained. However, these shad were not detected at the Cabot forebay 

or bypass prior to detection in the tailrace. The one remaining fish was detected in the Cabot forebay but 

never detected downstream and presumably never left the canal, at least during the anticipated tag life. 

Based on these fish, the mean rate of movement through the canal was 0.03 RM/h (Table 4.2.3-1). No fish 

released in the impoundment was detected in the Station No. 1 Forebay. 

4.2.4 Timing of Passage 

Movement through the Turners Falls Project occurred during evening hours. Project passage occurred 

between 21:17 and 21:37 for the three fish that exited the canal via entrainment through Cabot Station on 

October 12, 2015. The time of passage of these shad through Cabot Station corresponded to a diel period 

of increased entrainment as evident by the split beam data, which determined that a substantial amount 

(6.4%) of the total entrainment observed at Cabot Station occurred during the 21:00 hour (see Figure 4.1.1-

3). Passage at the TFD, for two individuals, occurred on October 12, 2015 at 21:34 and on October 13, 

2015 at 23:22 when Bascule Gate 1 was spilling 5,945 and 1,487 cfs, respectively. Twelve of the 16 fish 

that entered the canal were first detected on October 12, 2015 between 21:17 and 22:02 (Table 4.2.2-2). 

Figure 4.2.4-1 depicts the distribution of flow between the TFD and Gatehouse on October 12 and 13. 

Bascule Gate 1 was the only gate spilling at the dam during the passage events.  

4.2.5 Canal Drawdown 

Seventeen (17) fish were released into the Turners Falls Power Canal on the evening of October 4, 2015 

prior to the drawdown that commenced later that night. Following the initiation of the canal dewatering, 

mobile tracking efforts were initiated at approximately 13:10 on October 5 and seven (7) of the fish released 

were detected in the canal (Figure 4.2.5-1). Five (5) fish were detected in the same area of release; two (2) 

at the upper canal release site and three (3) at the lower canal release site. The final disposition of these fish, 

as well as the undetected fish (n=10) remains uncertain; however, possibilities include tag loss; mortality 

due to tagging or other cause; fish remained in the watered portion of the canal for the duration of the 

drawdown without detection; or fish exited the canal without detection.  

One fish released in the upper canal was last detected in the vicinity of the Station No. 1 forebay. Based on 

FirstLight station logs, generation at Station No. 1 ceased at 19:30 on October 4, 2015 and the units 

remained offline until 08:45 on October 16, 2015 (Figure 4.2.5-2). While the fish was not subjected to 

turbine passage at Station No. 1 since the units were not operating, lack of subsequent detections in the 

bypass reach or further downstream in the lower canal prevents confirmation of passage downstream of the 

Project.  

Similar to the upper canal released fish, one fish released in the lower portion of the canal was last detected 

at the Cabot Station forebay on October 5 at 13:57. As the canal was being dewatered, Cabot Station went 

offline on October 5 at approximately 06:00 and the units remained inactive until October 11, 2015 (see 
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Figure 4.1.1-1). Although passage cannot be confirmed, it is certain that this fish was not subjected to 

operational turbine passage effects, prior to re-watering of the canal.  

An objective of Study 3.3.18 Impacts of the Turners Falls Canal Drawdown on Fish Migration and Aquatic 

Organisms was to assess whether juvenile shad and American eel abundance in the canal increases leading 

up to the time of its closure, due to delays in downstream passage (e.g., is fish accumulation occurring). 

The canal drawdown began in the late evening of October 4, 2015. Split beam hydroacoustics data collected 

at the Cabot Station intake indicated an increase in entrainment rate during the week leading up to the canal 

drawdown beginning on September 28, 2015 with a rate of 1,100 shad sized targets per day to a peak of 

approximately 98,000 entrained per day on October 1 (Figure 4.1.1-1). The increase in entrainment is 

related to the abundance of shad in the power canal such that as shad abundance increases in the forebay so 

does entrainment at Cabot Station. This increase in entrainment coincided with an increase in river flow 

and discharge at Cabot Station, which has a positive relationship with an increase in canal flow and intake 

velocity. The highest river flows experienced during the study occurred on October 3, 2015 the day before 

the start of the drawdown. The daily entrainment rate decrease to approximately 13,000 per day on October 

4 immediately before the drawdown (Figure 4.1.1-1). Entrainment decreased prior to the decrease in 

discharge at Cabot Station suggesting that an accumulation of shad occurred during the relatively low flow 

period in the canal but shad were conveyed downstream during the increase in canal flow and discharge at 

Cabot Station prior to the drawdown.  
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Table 4.2.1-1. Summary of Tagging Control Experiment based on 50 fish equipped with Mock Tags 

 Holding Tank Mortalities/Day Tags Lost/Day Tags Retained/Day 

Date 

Water 

Temperature 

(°C) 

DO 

(mg/L) No. 

Mean 

Length 

(mm) No. 

Mean 

Length 

(mm) No. 

Mean 

Length 

(mm) 

10/15/2015 - - 19 95.8 5 100.4 14 94.2 

10/16/2015 14.8 9.2 20 93.3 10 93.1 10 93.4 

10/17/2015 - - 1 96.0 0 - 1 96.0 

10/18/2015 - - 0 - 0 - 0 - 

10/19/2015 10.8 9.2 6 91.3 4 89.3 2 95.5 

10/20/2015 11.5 10.0 2 90.5 1 93.0 1 88.0 

10/21/2015 11.5 9.1 1 89.0 0 - 1 89.0 

10/22/2015 - - 0 - 0 - 0 - 

Mean 12.1 9.4  92.7  93.9  92.7 

  Total  

(%) 

49 

(98%) 

 20 

(40%) 

 29  

(58%) 

 

 

Table 4.2.2-1: Juvenile Shad Redundant Tag Summary with Tag Frequencies and Codes of those Fish 

Eliminated from Analysis 

Count Frequency/Code Release Date Impoundment Release Location 

1 150.360/104 10/15/2015 Upstream of NMPS 

2 150.360/107 10/15/2015 Upstream of NMPS 

3 150.360/108 10/15/2015 Upstream of NMPS 

4 150.360/109 10/15/2015 Upstream of TFD 

5 150.360/116 10/15/2015 Upstream of TFD 

6 150.360/119 10/13/2015 Upstream of NMPS 

7 150.360/122 10/13/2015 Upstream of TFD 

8 150.360/123 10/13/2015 Upstream of TFD 

9 150.360/135 10/15/2015 Upstream of TFD 

10 150.360/136 10/13/2015 Upstream of NMPS 

11 150.360/137 10/13/2015 Upstream of TFD 

12 150.360/138 10/20/2015 Upstream of NMPS 

13 150.380/58 10/16/2015 Upstream of NMPS 

14 150.380/59 10/15/2015 Upstream of TFD 

15 150.380/62 10/13/2015 Upstream of TFD 

16 150.380/132 10/13/2015 Upstream of TFD 

17 150.380/133 10/13/2015 Upstream of NMPS 

18 150.380/134 10/13/2015 Upstream of NMPS 
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Figure 4.2.2-1: Final Disposition of 183 Juvenile Shad Tagged and Released Upstream of TFD and Upstream of 

the NMPS Intake/Tailrace 

 



Northfield Mountain Pumped Storage Project (No. 2485) and Turners Falls Hydroelectric Project (No. 1889) 

EVALUATE DOWNSTREAM PASSAGE OF JUVENILE AMERICAN SHAD 

  4-19 

 
Figure 4.2.2-2: Juvenile Shad Duration in Turners Falls Power Canal under Various Operational Conditions (n = 16). The black lines 

indicate duration and the red line indicates flow 
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Table 4.2.2-2: Summary of Juvenile Shad Detected in the Turners Falls Power Canal 

Fish 

ID 

Release Date and 

Time 

Release Location Date and Time of 

First Detection  

Duration to 

Last Detection 

h:min:sec 

Last Detection Location 

1 10/12/2015 19:20 Upstream of TFD 10/12/2015 22:02 0:1:2 T10 (Upper Canal) 

2 10/12/2015 19:20 Upstream of TFD 10/12/2015 21:26 0:1:6 T10 (Upper Canal) 

3 10/12/2015 19:20 Upstream of TFD 10/12/2015 21:17 66:58:0 T17 (Cabot Tailrace) 

4 10/12/2015 19:20 Upstream of TFD 10/12/2015 21:37 46:8:0 T17 (Cabot Tailrace) 

5 10/12/2015 19:20 Upstream of TFD 10/12/2015 21:22 0:0:48 T10 (Upper Canal) 

6 10/12/2015 19:20 Upstream of TFD 10/12/2015 21:20  0:0:48 T10 (Upper Canal) 

7 10/12/2015 19:20 Upstream of TFD 10/12/2015 21:34 0:0:54 T10 (Upper Canal) 

8 10/12/2015 19:20 Upstream of TFD 10/12/2015 21:27 43:5:0 T17 (Cabot Tailrace) 

9 10/12/2015 19:20 Upstream of TFD 10/12/2015 21:27 0:1:10 T10 (Upper Canal) 

10 10/12/2015 19:20 Upstream of TFD 10/12/2015 21:40 0:0:44 T10 (Upper Canal) 

11 10/12/2015 19:20 Upstream of TFD 10/13/2015 04:49 125:51:0 T171 (Cabot Forebay) 

12 10/12/2015 19:20 Upstream of NMPS 10/13/2015 21:17 0:1:0 T10 (Upper Canal) 

13 10/13/2015 21:05 Upstream of TFD 10/14/2015 00:10 0:0:48 T10 (Upper Canal) 

14 10/15/2015 19:45 Upstream of TFD 10/16/2015 04:06 0:6:0 T10 (Upper Canal) 

15 10/15/2015 19:45 Upstream of TFD 10/16/2015 04:50 0:2:0 T10 (Upper Canal) 

16 10/13/2015 20:05 Upstream of TFD 10/16/2015 22:48 0:1:0 T10 (Upper Canal) 

 

 

 

Table 4.2.3-1: Rates of Juvenile Shad Movement (RM/h) in the Turners Falls Impoundment, Bypass Reach 

and through the Turners Falls Power Canal 

Reach No. of Fish 
Rate of Movement (RM/h) 

Minimum Maximum Mean 

Impoundment 113 0.007 1.58 0.31 

Bypass Reach 1 1.45 1.45 1.45 

Canal 4 0.015 0.05 0.03 
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Figure 4.2.4-1. Flow Distribution between Bascule Gate 1 and Gatehouse during October 12 and 13, 2015 
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Figure 4.2.5-2. Station No. 1 Generation throughout Juvenile Shad Study Period (August 1 to November 

15, 2015) 
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5 DISCUSSION 

In support of the relicensing of the Turners Falls and Northfield Mountain Projects, juvenile shad 

assessments were conducted within the Project area to determine if operations affect emigration success. 

Results of the 2015 field efforts conducted during the outmigration season in relation to the specific 

objectives identified in Section 1.2 herein are discussed in the following sections. 

In regard to the radio telemetry experiment, in any investigation involving juvenile American Shad, 

difficulties arise in obtaining accurate survival estimates. Juvenile American Shad are notoriously sensitive 

to stress; and transporting, handling, holding and tagging are problematic. In this study tagging control 

mortality was high and the tagged fish swam irregularly. The results suggested that handling and tagging 

substantially affected survival of the juvenile shad, such that only 2% (n=1) survived over the course of the 

7-day observation period. Water temperature and dissolved oxygen were monitored in the holding tank and 

did not appear to be factors contributing to the low survival of tagged fish. In addition to mortalities, the 

field crew noted irregular swimming behavior of tagged fish upon release into the holding tank and 

throughout daily observations. The weight of the tag appeared to affect swimming capabilities as shad were 

observed swimming with their dorsoventral axis oriented nearly parallel to the surface (tag-side down) as 

opposed to typical swimming orientation. Combined with handling stress, it is likely that the many of the 

tagged shad were unable to sustain normal activity following the tagging process. Given these observations, 

the validity of the results of this study are left in question. While some results were achieved it is likely that 

the inherent problems of handling and tagging juvenile shad had a negative effect on the effectiveness of 

the study and its findings. The limited results are likely inadequate to definitively determine route selection 

and travel times due to the effectively small sample size.  

The lack of detections and movement out of the impoundment may have been further exacerbated by tag 

retention issues and distance to release sites. Twenty (40% of total) of the mortalities observed in the control 

experiment were reported to have shed their tags. If tag loss occurred in any of the deeper areas (greater 

than 15 ft) of the lower impoundment, then detection by the aerial yagi antennas used during mobile tracking 

surveys would not be expected. In addition, fish released upstream of the Northfield Mountain 

intake/tailrace had to swim approximately 1 RM downstream to encounter the first fixed telemetry at 

Shearer Farms. Fish that were released upstream of TFD had to swim approximately 0.9 RM downstream 

to encounter the fixed telemetry station near the boat barrier in the impoundment. With a mean rate of 

movement in the impoundment of 0.3 RM/h, any mortality or tag loss that occurred within the first 3-4 

hours post-release would have contributed to the low numbers of juvenile detected.  

5.1 Proportion of Juvenile Shad Passing Downstream through the Power Canal versus 

over the Dam under varied Operational Conditions, including a Range of Spill 

Conditions 

Based on the 18 fish released in the TFI that moved downstream, two passed over the TFD and 16 passed 

through Gatehouse to enter the power canal. On October 12, 2015, 10 fish passed into the power canal 

within 2-3 hours from release 1.25 miles upstream of the dam. Fish released above TFD the following 

evening (n= 20) also passed in a similar timeframe; however, fish released on October 15 were at large in 

the TFI for nearly 9 hours prior to entering the canal. Flow distribution between the Gatehouse and the TFD 

on the evening of October 12 during the three hours from the time of release to detection of the last fish in 

that first group of 10, was such that 50-68% of flow was directed to the power canal, while 32-50% was 

directed toward the TFD. The flow distribution remained similar on the night of October 15, although no 

juvenile were detected at the TFD and fish remained in the impoundment for a longer duration before 

passing into the power canal. 
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5.2 Rate of Downstream Movement within the Impoundment, over the Dam and through 

the Bypass Reach, or through the Power Canal 

Assessment of the radio-telemetry data suggested the mean rate of movement within the impoundment 

ranged from less than 0.01 RM/h to 1.6 RM/h, with a mean rate calculated as 0.3 RM/h.  

The rates of movement determined through the Turners Falls Power Canal and Bypass Reach were based 

on very few individuals. The rate of movement through the Turners Falls Power Canal ranged from 0.015 

to 0.05 RM/h (n=4), and of the two fish that passed over the TFD one fish arrived in the vicinity of the 

Station No. 1 tailrace at a rate of 1.45 RM/h.  

5.3 Survival Rates for Juveniles Spilled over/through Dam Gates, under varied 

Operation Conditions, including up to Full Spill during the Annual Fall Power Canal 

Outage Period 

The 1-hour direct survival rate of juvenile shad passing the TFD via Bascule Gate 1 was 69.4%, 47.7% and 

75.6% during flow releases of 1,500 cfs, 2,500 cfs and 5,000 cfs, respectively, with an overall survival rate 

of 63% (NAI, 2016a). For Bascule Gate 4, 1-hour direct survival was 64.2%, 59.0% and 73.6 during flow 

releases of 1,500 cfs, 2,500 cfs and 5,000 cfs, respectively, with an overall survival rate of 64.8% (NAI, 

2016a). For both gates, a greater percentage of fish was recaptured alive during the 5,000 cfs test condition. 

NAI suggested that the shallower depth of water below the spillway under the low flow conditions (1,500 

cfs) does not provide much of a cushion to protect fish from contacting structures in its path. Based on 

results from previous studies using HI-Z tagging methodology with juvenile salmonids, the survival of 

passed fish is affected by spillway slope, radius of flow deflectors, angle that spilled water intercepts 

deflectors and other structures, depth of water passing over the spillway, location of the fish in the spillway 

jet, and operating head (NAI, 2016a). As such, the boulder and concrete sill structures immediately 

downstream of Bascule Gates 1 and 4 likely contributed to lower survival of the passed juvenile American 

Shad under the lower flow conditions.  

The injury rates on the recaptured juvenile shad suggested that passage conditions are more favorable for 

fish passing the dam via Bascule Gate 1 as compared to Bascule Gate 4 (NAI, 2016a). Approximately 30% 

of the shad passed via Bascule Gate 1 were visibly injured compared to 44% at Bascule Gate 4. Contrary 

to the survival results, injury rates at Bascule Gate 1 were greater at the 2,500 cfs (35.3%) and 5,000 cfs 

(34.7%) discharge scenarios as compared to the lower discharge (19% at 1,500 cfs).  

5.4 Downstream Passage Timing, Route Selection, and Rate of Movement of Juvenile 

Shad through the Power Canal to Station No. 1, Cabot Station and the Cabot Station 

bypass 

During the radio telemetry evaluation, 16 of the 183 tagged juvenile shad released in the TFI passed through 

Gatehouse into the power canal; however, subsequent movement was only detected for four (4) fish. 

Passage into the canal generally occurred during night, with 14 of 16 fish entering the canal between 21:00 

and 23:00.  

All four (4) of the tracked radio-tagged fish moved downstream in the canal past Station No. 1 and 

proceeded to the Cabot Station forebay, with three (3) passing through Cabot Station. Tracking of these 

four (4) fish indicated a downstream rate of movement ranging from 0.015 to 0.05 RM/h in the canal.  

Based on concurrent observations at the bypass sampler and Cabot Station intake during 15 discrete 

verification sampling events conducted between September 9 and October 15, 2015, it was estimated that 

an average of approximately 43% of juvenile shad exit the canal via the downstream bypass and 57% were 

subject to entrainment at Cabot Station. These findings were in contrast with earlier reports by RMC, 1994 

which estimated 94.4% of juvenile clupeids passed downstream via the log sluice after it was equipped with 



Northfield Mountain Pumped Storage Project (No. 2485) and Turners Falls Hydroelectric Project (No. 1889) 

EVALUATE DOWNSTREAM PASSAGE OF JUVENILE AMERICAN SHAD 

  5-3 

artificial above-water lighting). However, it is important to note that the distribution between those passed 

via the Cabot Station bypass and Cabot Station varied, even under similar operating conditions at Cabot 

and Station No. 1. For example, on September 21, only Unit 1 was operating at Cabot Station during the 

verification sampling time period, while Station No. 1 was generating slightly less than 3 MW. Under these 

conditions, it was estimated that 67% of shad passed via the bypass while 33% were entrained through 

Cabot Station. On September 23, under similar operating conditions at Cabot Station and Station No. 1, it 

was estimated that 12% of shad passed via the bypass and 88% exited the canal via Cabot Station. Since 

operating conditions remained similar between to the two sampling events, it is concluded that the 

discrepancy is not attributable to Project operations.  

A large discrepancy in the number of shad bypassed and the number observed at the Cabot Station intake 

occurred on September 30. This observation may be the result of operation at Cabot Station. The station 

was running at capacity resulting in comparatively high flow field within the forebay areas, which may 

have obscured attraction flow to the bypass resulting in a reduction of passage through the bypass. However, 

no other direct comparisons were made during such operational conditions.  

The distribution of entrainment amongst the six units at Cabot Station suggests that fish are attracted to the 

right side (as viewed looking downstream) of the intake when Unit 6 is operational. As fish move 

downstream through the power canal and approach Cabot Station, they may train along the wall adjacent 

to the emergency spillway structure (Figure 5.4-1), becoming more susceptible to entrainment at Unit 6. 

FirstLight’s operating scheme designates Unit 1 as the priority unit (first on, last off) due to its proximity 

to the downstream bypass structure. 

The diel timing of entrainment was investigated at Cabot Station, revealing an elevated period of 

entrainment between 13:00 and 23:00 with the peak occurring at 20:00. This trend presumably was related 

to an increase in diel movement by juvenile shad. This result corresponds with other studies conducted on 

the Connecticut River in 2015. The TransCanada study team found that 86.3 % of the 241 radio tagged 

shad that passed the Vernon Project did so between 15:00 and 23:00 (NAI, 2016). The split beam data 

collected at Cabot Station revealed a similar trend in movement in which the majority (60%) of fish that 

entrained through the Station did so during that same period (15:00-23:00).  

5.5 Rate of Entrainment at the Northfield Mountain Project 

The use of split beam sonar at the Northfield Mountain Project intake structure was not optimal for 

estimating entrainment since installing the equipment behind the trash racks was not an option5. While fish 

attributes such as size, three-dimensional position and direction of travel were quantified with the Northfield 

Mountain Project set-up, it is not certain that fish detected actually passed through the trash racks and were 

subjected to entrainment. The equipment was mounted in front of the trash racks where substantial milling 

was observed; for that reason entrainment could not be estimated with hydroacoustics. 

Due to uncertainties with the split beam sonar data, the radio telemetry data were assessed to provide an 

indication of the rate of entrainment of juvenile shad at the Northfield Mountain Project. Of the 129 juvenile 

Shad released upstream of NMPS intake/tailrace, 77 were detected at the Shearer Farms monitoring site 

(T1and T2) located approximately 0.5 RM upstream from NMPS intake/tailrace. Tracking of these tagged 

fish revealed three were entrained and detected in the Upper Reservoir of Northfield Mountain, suggesting 

an entrainment rate of 3.9%. Twenty-one (21) additional fish were last detected at the Northfield Mountain 

intake/tailrace and were never detected again at any of the telemetry receiver stations. Of those 21 fish, 14 

were last detected at the Northfield Mountain intake/tailrace during pumping operations. Of the 77 shad 

that were detected at Shearer Farms, 32 were detected approximately 0.66 miles downstream of the NMPS 

intake/tailrace at Gill Banks (T5 and T6) for a passage rate of 41.6 % through this reach of the TFI. Of the 

fish that entered this reach 72.7% were either detected in the NMPS intake/tailrace area, the upper reservoir 

                                                      
5 Sampling downstream of the trash rack (as performed at Cabot Station) would be expected to provide a more 

accurate measure of entrainment since this represents the point of no return due to water velocity.  
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or downstream of the NMPS intake/tailrace; leaving 27.3% undetected. The fate of these fish is unknown; 

they may have been entrained and were not detected at the upper reservoir; or escaped the area without 

being detected again as a result of ceased migration, tag loss or mortality. 

Given the poor tag retention and survival of the control fish, tag loss and/or mortality are plausible 

explanations of the fate of undetected fish but the data do not support a firm conclusion. The upper reservoir 

intake was a challenging location to monitor using radio telemetry methods with depth in excess of 90 ft. 

In addition to aerial yagi antennas, a series of four in-water stripped coaxial cable antennas were used to 

monitor for tagged shad at depth. Field testing of the detection array showed good coverage of the area but 

given the depth and width of the upper reservoir intake channel it is unlikely that 100% coverage was 

achieved. Given the uncertainty of fish that were undetected in the reach, a definitive estimate of 

entrainment using these radio telemetry results was not achieved.  

5.6 Survival Rates for Juvenile Shad Entrained into Station No.1 and at Cabot Station 

The 95.0% survival (1 h) for juvenile shad passed through the large Francis turbine at Cabot Station Unit 2 

was near the median value of 94.7% for juvenile herring and shad obtained for 19 studies conducted at 

other hydroelectric projects (NAI, 2016a). The survival rates for the smaller Francis units at Station No. 1 

(67.8% and 76.6%) indicate juvenile shad do not fare as well through Station No. 1 as compared to Cabot 

Station. The Francis units at Station No. 1 had the smallest runner diameter (39-55 inches) and the highest 

rotation rates (200 and 257 rpm) of the different turbines tested, which likely contributed to the lower 

survival rates at Station No. 1 (NAI, 2016a). 

Fish traveling the length of the power canal and passing downstream through the turbines at Cabot Station 

have a greater likelihood of survival compared to fish that pass via the bascule gates at the TFD. The 

combined 1-hour direct survival rate for juvenile shad passing the TFD via the bascule gates was about 64% 

(based on the release of 362 fish) as compared to the 95% (based on the release of 120 fish) survival of 

those fish that pass through the turbines at Cabot Station. Passage from the power canal through Station No. 

1 also appears to be a safer option for fish as opposed to passage via the TFD with a survival (1 h) of 67.8% 

and 76.6% at Unit 2/3 and Unit 1, respectively (based on the release of 90 fish at each unit).  

Applying the high rate of survival (95%) of juvenile shad passed through the turbines at Cabot Station to 

the total number of shad estimated to be entrained reduces the overall impact. Throughout the radio 

telemetry component of this study, only one fish was detected in the forebay area of Station No. 1 (released 

in the canal prior to the drawdown), and Station No. 1 was not operational at the time due to the canal 

outage. Throughout the study period, Station No. 1 operated at partial capacity (~ 3 MW) continuously for 

about a one-month period from August 23 to September 24, 2015, and near full capacity intermittently 

during October and early November.  

With respect to the entrainment estimates for Cabot Station, it is likely that the processing of hydroacoustic 

data overestimated the actual number of juvenile shad entrained. The discrete sampling conducted at the 

Cabot Station bypass sampler revealed that over 99.9% of the fish collected at the bypass were juvenile 

American Shad. This species assemblage information was used to reduce the estimate of shad entrainment 

by 0.01%. However, the surface oriented downstream bypass and its sampler was designed to pass/catch 

surface oriented species like juvenile American Shad, generally omitting cover-seeking or benthic-oriented 

species. These species would be subject to entrainment at the full depth Cabot intake and individuals of 

similar echo characteristics as juvenile shad may have contributed to the entrainment estimate but to what 

degree is not known. During the 2014 canal drawdown, which occurred from September 30 to October 4, 

2014, field crews identified 22 fish species, with Spottail Shiner, Tessellated Darter, and American Shad 

dominating the overall abundance (FirstLight, 2015). The entrance to the bypass draws from the upper 

portion of the water column (Figure 5.6-1); bottom-oriented species such as the Tessellated Darter, and 

cover-oriented species such as Spottail Shiner, would not be expected to be among the species observed at 

the bypass sampler.  
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Figure 5.4-1. Overview of Downstream Portion of Power Canal and Cabot Station 

 

 

Figure 5.6-1. Photo depicting Cabot Station Intake and Downstream Bypass during the 2015 Maintenance 

Outage 

. 
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APPENDIX A – TELEMETRY ARRAY 

TESTING AND CALIBRATION 
 

  



APPENDIX A: Telemetry Array Testing and Calibration 

Each telemetry station was tested with a Lotek NanoTag prior to any animals being tagged to ensure 
adequate power readings, range and proper calibration of equipment.  Field staff turned on one tag to be 
�X�V�H�G���D�V���D���µ�W�H�V�W���W�D�J�¶���G�X�U�L�Q�J���W�K�H���F�D�O�L�E�U�D�W�L�R�Q���S�H�U�L�R�G���D�Q�G���G�L�G���Q�R�W���X�V�H���W�K�H���V�D�P�H���I�U�H�T�X�H�Q�F�\���D�Q�G���R�U���F�R�G�H���G�X�U�L�Qg the 
study.  The NanoTag was attached to fishing line and tested at a water depth of approximately 4 to 5 ft to 
mimic the swimming depth of juvenile American shad.  One member of the field crew remained on land 
monitoring the receiver output signals and two field staff used a boat to test the targeted detection zone at 
each telemetry station.  Communication via handheld radio allowed transfer of power signals at different 
locations that were recorded for calibration purposes.  

A list of the receivers used for this study is provided in Table 3.2.4-1.  Orion receivers output an average 
power number for each contact, which is recorded in decibel levels (dB).  These numbers are negative, with 
less negative numbers being higher in signal strength (less sensitivity).  Lotek receivers output an average 
power number for each contact, which is also recorded in decibel levels (dB).  These numbers are positive, 
with high numbers indicating a stronger signal.  

All station figures listed below show the position of �W�K�H���µ�W�H�V�W���W�D�J�¶���D�Q�G���W�K�H average power levels associated 
within the detection zones recorded during testing (noted in white).  Several test detections were recorded 
at each location.   



Montague Wastewater 

 

Figure A-1: The large yellow X marks the approximate placement of the yagi antenna and the Lotek 
receiver used to detect fish moving across the width of the river at River Mile 119.5.  The smaller �;�¶�V���P�D�U�N��
the approximate locations of the two in-water droppers used at this location to assist with monitoring the 
passage of juvenile shad.  The radio test tag produced power levels ranging from 70s to 110 db with highest 
powers located near the bank of the river closest to the yagi antennas and attenuating slightly toward the 
far bank.  



Cabot Station Tailrace 

 

Figure A-2: The large yellow Xs mark the approximate placement of the two yagi antennas and the Orion 
receiver used to detect fish moving Cabot Station Tailrace at River Mile 120.  The radio test tag produced 
power levels ranging from -60s to -90s db with highest powers located closest to the yagi antennas near 
Cabot Station and attenuating slightly further out in the tail waters.  



Cabot Station Forebay 

 

Figure A-3: The large yellow Xs mark the approximate placement of the yagi antennas, the dipole antenna 
and the Orion receivers used to detect fish moving across the Cabot Station Forebay at River Mile 120.  The 
small Xs mark the approximate locations of the four in-water droppers used at this location to assist with 
monitoring the passage of downstream eel as well as juvenile shad.  The radio test tag produced power 
levels ranging from -70s to 100 db with highest powers located near the bank of the river closest to the yagi 
antennas and attenuating slightly toward the far bank.  
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