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1.0 INTRODUCTION

Consolidated Cdison Encrgy Massachusetts Inc. (CEEMI), a subsidiary of Consolidated Edison De-
velopment, owns and operates the Gardners Falls Hydroclectric Project, FERC license No. 2334, [o-
cated on the Deerficld River in Buckland, Massachusetts. CEEMI purchased the Project in 1999 [rom
the Western Massachusetts Electric Company (WMECO). In accordance with article 403 of the Pro-
Ject’s FERC license, a downstream fish passage facility was installed in 1999_ Article 404 of the li-
cense requires the Licensee to monitor the clfectiveness of the installed downstream passage facili-
tics. WMECQO tesied the effectiveness of the passage facilities in the spring of 1999 using radic te-
lemetry techniques and results of that evalualion documented that 72% of the radio- tagged smolts
used the bypass at generation flows less than 600 ofs. There were no smolt relcases at high genera-
tion flows (800 cfs) in 1999 beeause of drought conditions.

In order to document downstream passage eftectiveness under generation [lows greater than 800 cfs,
CEEMI eontracted Normandeau Associates Inc. (Nonwandeau) to conduct a second radio telematry
siudy in the spring of 2000 to dstermine the cfficiency of the louver amay/ bypass system at passing
salmon smalts at higher generation flows.

The 66 ft long floating louver arvay tosted in 1999 consisted of len sections approximately 6.0 ft in
length by & {i deep, with each section made up of polypropylene louver slats spaced 3 inches aparl.
The last louver section (adjacent to the bypass) was replaced m the spring of 2000 with a hinged per-
forated steel platc-and-frame. This modification was made by CEEMI to close the one-Toot gap that
existed at the end of the louver array during the 1999 evalogiion.

Additional modifications were made to the project’s downstream bypass system and plunge pool prior
(o the spring 2000 fest, based on Agency comments on the 1999 reporl. These additional modifica-
tions included installation of a steel ramp below the bypass gate to divert bypass flow away from the
toc of the dam, increased plunge pool depth, removal of rock outerops and the conliguration of the
pool exit notch.

Normandeau also conducted downstream passage studies for PG&E Generating (PG&E) on the Deer-
field River during the spring of 2000, with telemetry monitors installed on Deerfield Projocts No. 4,
Me. 3 {above Gardners Falls) and No. 2 {below Gardners Falls). There were (hrge other monitoring
stations set-up downstream of Deerfield No. 2 (and Gardners Falls) during the spring 2000 study in-
cluding one at Bardwell Ferry Bridge (Deerficld River), another at Cabot Station and the third was -
tocated .25 miles below the confluence of the Deerfield and Connecticut Rivers, Data generated by
Gardners Falls smolts moving past these downsirearn monilors was made avaitable for this stady.
Also, data [rom PO&E fish released upstream of the Deerficld WNo. 4 Project thal moved through
Gardners Falls was included in this report.

Nermandean conducted a bypass sorvival test at the Gardners Falls Project in 2000 using marked At-
Lantic salinon smolts. For this test, smelts were tagged, held for at least 24 hours, released into the
bypass flow and recovered via a bypass ned, or seined out of the plunge pool after the bypass flow
was lemporarily discontinied. Recovercd fish were held for 72 hours 10 determine bypass survival.

L8621 Jardoers Folls 2000.dac 032001
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20 METHODS AND PROCEDURES

2.1 STUDLY SITE

The Gardners Falls Hydroclectric Project is located at river mile 15.7 on the Deerfield River in Buck-
land, MA. The praject’s powerhouse contains three vertical shalt Francis type turbines (No.'s 3, 4
and 5} currently in operation, plus iwo horizontal shaft turbines (No.*s 1 and 2) not in use during the
study period. Maximum rated generation for the operational units is 3.2 megawatts at 1190 cfs. Wa-
ter is supplied to the powerhouse through a .25 mile long canal, which runs adjacent and paraltel to
the west bank of the Deerfield River. The project has been in operation since 1904,

The study area comprised 2.1 miles of the Deerfield River, begianing 0.25 miles upstream of the

- Gardners Falls dam, continuing downsiream beyond the Projeet’s powethouse to the PG&E Deerfield
No. 2 station, located 1.5 miles downstream, (Figure 2-1}. Radio-tagged smolts that passed the Gard-
ners Falls Project were also monitored in a separate study at Deerfisld No, 2, and at three additional
monitoring stations - Bardwell Ferry Bridge, Cabot Station and 0.25 miles below the conflucnce of
the Deerfield and Connecticut Rivers. -

The Gardners Falls Project has three possible downsiream passage routes, including passage over the
dam during a spill event, passage through the fish bypass system, or exiting through the project tur-
bines. The downsircam [ish passage facility consists of two parts: a floating loover array and a by-
pass minimum flow gate. The purpose of the louver array is to guide downstream miyrating Atlantic
salmon smolts to the bypass flow gate thereby avoiding potential entrainment. The project’s down-
strcam [ish bypass entrance is located on the westem end of the dam, approximately 10 [t. from the
entrance to the powcrhouse canal (Figure 2-2). The six ft wide bypass gate is operated by an auto-
matic programmable-logic controller and is set 1o maintain an attraction flow of 150 ¢f5 (approx. 13%
of full generation flow). Downstream migrating smolts exiting through the bypass are spilled ap-
provimately 15 [t into a plunge panl in the bypass reach, where they can continue their downstream
movements. ' '

The entrance (0 lhe canal is flanked on its northera (upstream) end by an approximately 60 ft. long
concrete jeity and the dam on its southern side. The 66 ft long floating [ouver array is anchored on its
upstream ¢nd Lo the tip of the jetty and to the bypass gale pier on its downstream end, closing the ca-
nal entrance af an approximale 30° angle to the flow {Figure 2-2). The louver array is made up of ten
removable 6.0 £t wide by 8 ft deep polypropylene louver sections. The louver scetion closest to the
bypass gate was replaced prior 1o the spring 2000 evaluation with a hinged perforated-steg] plate.
This modilication was made fo ¢lose the one-{oot gap on the downstream end of the louvers that was
noted in the 1999 report.

2.2 MONITORING STATTONS

A total of six stationary maniloring stations were installed at the Gardners Falls project in the Spring
0f 2000, Siation 1 consisted of a Lotck Engineering SRX 400 W16 telemetry receiver/data logger
{stationary recciver) connected to a 4-element dircctional Yagi antenna (Figure 2-2). Station 1 an-
tensia was mounted on the jetty cnd of the project’s louver array, locking straizhi across the im-
poendment to monitor arrival and departure of radio-tagged smolts into the study arca. Siation 2
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Figure 2-1, Diagram of the Gardners Falls Project located on the Deerficld River near Buckland, MA.
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re 2-2. Schematic of the Gardners Falls Head Works showing telemetry stations and approximate
' coverage arcas monitored during Speing, 2000 {not to scale),
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monitored the louver array and consisted of a Lotek stationary teceiver coupled 1o a double underwa-
ter antenng array. The two underwater antennae were mounted 173 and 203 of the distance down the
length of the louvers for the first release during the 2000 test. A second Lotek stationary receiver was
added after the first test, one for each ol the louver aray’s underwaler antennae to further differenti-
atc the smolts movements along the louver areay (station 2 for the upstream louver antenna, and sla-
tion 2A for the downstream louver antenna). Both antennac were uned to detect radio-tagyed fish
within 3 ft of the face of (he louver array and to a depth of 8 ft.

Station 3 consisted of a Lotek slationary receiver connected lo an underwater antenna positioned im-
mediately in front of the bypass gate and calibrated to detect radio-tagged smolts within 3 £t of the
bypass entrance. This coverage area included & portion of the [ast section of lowver array. A de-tuned
(to limit its detection range) 4-element Yagi antenna aimed at the bypass plunge pool was combined
to the same bypass stationary receiver to ensure that radio-tagged salmon smolts using the hypass
were detected and to estimate phinge pool residency time. '

Station 4 monitored the power canal, and consisted of a 4-element Yagi anlenna mowmnted just vp-
stream of the powerhouse {over unils 3 and 4 penstocks) coupled to a Lotek stationary receiver {Fig-
ure 2-3). This station was calibrated to detect smolts within 50 ft of wnit 5 and within 200 & of units 3

cand 4. Station § was a 4-element dircetional Yagi antenna connected to a Lotek stationary receiver
and tuned to detect radio-tagged fish in the bypass reach. This station detecled radio-tagged smolts
that spilled over the dam and also fish that exited through the bypass system. Fish detected in the by-
pass reach (Station 5) but not detected on the bypass receiver (Station 3} werc assumed to have spilled
over the dam, :

Station ¢ monitored the project tailrace and consisted of a Lotek stationary reeeiver coupled to a 4-
element Yagi, This antenna was calibraled (o detect radio-tagged smalts in the Project’s (ailrace that
had passed via the turbines. It also recorded fish thai had either spilled over the dam or passed via the
bypass system, Tish that exited via the turbines were detected in the canal first (Station 4), then at
Station 6 lollowing turbinc passage. Stations 5 and 6 were temporarily coupled 1o a single stationary
receiver using a Lolek antenna switching peripheral (ASP-8) beginning on the second release on 5/5
until 5/7/00. However, the ASP-§ failed the evening of 5/5 and was replaced with a second ASP-8,
An additional Lotek stationary receiver was obtained and instatled on 5/8 to eliminate any further
need for the ASP-8 and hoth stations were monitored separately.

23 PROCEDURES

The study objective was to determine the c[lectiveness of the bypass/louver amray at passine Atlmitic
salmon smolts during gencrating flows greater than 800 ofs. To achieve the objective, radio-tagged
Atlantic salmon smolts were relcased above the project when the flows were greater than 800 ofs and
their downstream passage routes were determined. Additional radio-tagged smolts from & separate
study tor PG&E were also manitored during their passage through the project.

Latek Engincering Inc. SRX 400-W | 6 receiver/data loggers were used for continuous monitoring at
the six stations described above, as well as for manual tracking purposes. The receivers were de-
signed 1o identify digitally cncoded pulses from radio (ransmitters (tags). When a radio-tagged
salmon entered the reception field of a stationary receiver, the reeciver would record the time, tlate,
signal strength, tag code and [requency (channcl) of the tag. Each tag used in the study was assiened
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Figure 2-3. Schematic of the (ardness Falls Powerhouse showing telemetry installations and approxi-
mate coverage areas monitored during Spring, 2000 (not to scale).
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is own unique code number and operated on 149.360 MHz (channel 3). Radio-tagped smolts for the
PG&E study operated on 149.740 MHz (channe! 22) and 149,760 MHz (channel 23). Radio tags for
both studies were manufactured by Lotek Engincering, had 1 2.5 second burst rate, measured 20-mm
x 8-mm, weighed approximately 2 grams, and had an approximate opcrating life of 14 days. Atlantic
salmon smolts for this study were obtained from the White River National Fish Hatchery in Bethel,
VT. Fourteen days prior fo the fivst release, the smolts were transpotted to the Project site in a 180-
gallon oxygen aerated tank. At the Project, the fish were held in a 1000-gatlon tank equipped with a
flow-through river water system. The tank was set up within the fenced in area of the powerhouse
near the intake for the No. 5 turbine. Smolts wore fed pellet food once daily until 24 hours prier to
tagaing.

Atlantic salmon [rom the White River National Fish Hatchery (WRNFH) were tested during spring
2000 by Dr. Stephen [, McCormick at the Conte Anadromaus Fish Research Center to determine if
they had smoltified. Dr. McCormick deemed that the majority of WRNFH salmor tested were nor-
mally developed smolts {mean gill NA+K+ - ATPase =4). He suspected that WRNFH salmon
smaller than 180 mm were less likely to be smolts. Smolts from WRNFH wvsed lor the Gardners Falls
(ests had a mean length of 219 mm {range 186-24% mm).

Smodts were radio-tagged using the following procedure. At least 24 hours prior to each release,
groups of 3 to 5 fish were seined from their holding tank and placed in a bath containing a buffered
solation of MS 222 (tricaine methane sulfonate) at a concentration of 50 mg/l. After a fish was sufti-
cicntly anesthetized, a glycerin coated radio tag was then genlly inserted in the stomach via the
esophagus. The fish was then removed from the bath, quickly measured to the nearest mm and placed
in a recovery tank for at least 24 hours to document any handling mortality or vegurgitated tags.

Prior to each relcase, radio-tagged smolts were removed from the holding tank, transferred to 30-
gallon coolers and then transporied to the release site. Transport Lo the release site usvally took less
than 15 minutes. The release site was located on the west bank of the Deerficld River, approximately
.25 miles upstream of the Gardners Falls dam (Figure 2-1). The radio-tageed smolts were release
from the shore throughout the study.

Mean hourly flows (efs) through the powerhouse canal and automatic bypass gate were caleulated
using the Projecl’s power generation records. Instantaneous generation and bypass flows were de-
termined using continuous time-lapse video recordings of the Project’s kilowatt hour gauges and the
gauge for the downstream bypass gate. Instantaneous data were used to determine canal and bypass
gale flow the moment a radio-tagged smolt exited the project via a particular ronte (e.g. through by-
pass, turbings or spilled).

Ambient river water lemperature was recorded daily throughout the study period and immediately
after cach release at the Projoct’s jetty using a 76-mm immersion (hermometer. Water velocity meas-
urements were taken at 1/3 and 2/3 the length of the louver array at two depths (1 ft and 4 ft deep) and
at the bypass entrance during each of the five fish releases using a Marsh-MeBirney Model 201 water
velocity meter. Additional water velocity measurements were taken at 7/8 of the louver length an two
occasions to docurment changes in the magnitude of the flow velocity in the immediate vicinity of the
bypass entrance.

A radio-lagged salmon was considered (o have exited via a particular downstream route if the fish’s
digital radio tag was recorded on the stationary receiver monitoring that downsiresm route, further

15621 Gandners Falls 2040 8o 052701 7
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validated by data from either the bypass reach receiver (station 5) for bypassed and spilled fish, and
the tailrace receiver (station 6) for turbine fish, Additionally, manual tracking results and data from
PG&L™s Deerlield No. 2 project located downstream of Gardners Falls were also used to verify
downstream passage.

24 BYPASS SURVIVAL TEST

In order to determine percent survival of salmon that had passed through the Project’s bypass system,
marked smolts were placed directly into the 150 ¢fs bypass flow at a point just before it spilled into
the phinge pool. Fish were recapturcd with either a bypass net mounted at the exit to the plunge poal,
or with a seine after the plunge pool was partially drained. After the fish were released, the bypass
flow remained on for at least ten minutes. Once the flow was shut-off, any fish that had entered the
bypass net were removed and transported back to the holding facility. Those [ish that did not chter
the net but instead remained in the plunge pool were caplured with a beach seine onec the plunge poo!
was drained. Recaplured smolts were then (ransported back to the I1d1ding tank and observed for 72
hours to document any delayed moriality.

The bypass collection net had an attached live car to help prevent net induced injuries. The net was
mounted al the notch in the flaskboards located in the lower plunge pool. This notch lunctioned as
the exit from the plunge pool {Figure 2-2). The bypass net had an outside mesh size of 1.5 inches
streteh and was lined in its entirety with 1/4 inch knotless delta weave. The live car was a baffled 6-ft
by 3-It by 3-ft alumitum Frame, lined with 1/4 inch knotless delia weave,

Smolts used for this test were anesthetized with a buffered solution of water and MS-222 (50-mg/1)
and marked with biologically inert streamer tags that were attached between the dorsal fin and latersl
line. Tagged fish were measured to the nearést mm (total lengih), and placed in a holding tank for at
least 24 hours prior to release to document delayed mortality due to tagging and handling stress. In
addition to the test fish, thirty control fish were tazged and held for 72 hours to assess any mortality
associaled with tagaing and handling,

30 RESULTS

3.1 TELEMETRY STUDIES

A total af 54 radio-tagged Atlantic salmon smolis were released in five separate groups upstream of
the Gardners Falls project between 4 May and 10 May, 2000 (Table 3-1). Bach group consisted of 9
to 15 radio-tageed individuals and were released in the late afternoon or early evening 0.25 miles
above the Projeel. Fifty-one of these radio-tazped smolts were verified as passing the Project, with
13 (25%) exiting via the bypass system, 6 (12%) spilled over the dam, 31 (61%) passed through the
turbines, 1 {2%) passed the projeet via an unknown route and three fish did not pass the Project {Ta-
ble 3-1).

Of {hel3 radio-tagged salmon that exited via the bypass, ten {77%) did so under low flow conditions
of less than 800 cfs turbine flow (Table 3-1). This acenrred even though all five releases of radio-
tagged salmon oecurred during high flows (=800 ¢fs turbine flow), In most cases, these fish did not
pass the project while the flow was high, bat instead lingered in the project arca and eventually exitcd
via the hypass under low flow conditions. Figures 3-1 and 3-2 show turbine and bypass Mow in cubic
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Figure 3-1. Average hourly turbine and bypass flows (cfs) at the Gardners Falls Project during releascs
between 4-May and 11-May, 2000, ' :
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Figure 3-2. Average hourly lurbine and bypass Jows (cfs) at fhe Gardners Falls Project between |2-
May and 20-May, 2000,
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Table 3-1. Passage Rontes Taken by Atlantic Salmon Smolts Passing The Gardners Falls Hy-
droclectric Project. Spring, 2004,

Through By-
[pass
Turbine Flyw
[els) . :
Nuntber Through Total I¥id not
Date Released Turbines | >800 | <500 Unknown | Spilled Passed Pass
4 May’ 10 10 ¢ 0 0 0 10 {
5 May 10 3 1 ) 1 0 10 0
8 May 15 12 { 1 g 1] 13 2
9 May [, 3 l 4 ¢ 2 10 a
10 May 9 3. ] 4] 0 4 B 1
Totals 54 31 3 10 1 & 51 3
% 100% 41% 25%, 2% 12% pAL 7%
Category Tofal Passed: 51 Total Released: 54

' One 6 fi wide by 8 I decp panel feom arcay darmaged.

feet per second (cfs) throughout the study period (4 May — 20 May) None of the radio-tagged smolts
from the first releasc on 4 May exited via the bypass, but there was a problen with the louver array
during this tesl. One of the array’s panels near the middle of the array became detached and the
newly installed closure plate was out of position, causing a 12-inch gap between the dam and the end
of the array. It is possible that some of the smolts from this first release passed theough the openings
in the array and eventuzlly through the powcrhouse. The second relcase on 5 May happcncd alter the
array was fived and when turbing flow was greater than 900 ¢fs. However, shorily afier the relegse
river flow dropped to less thai 400 ¢fs becanse of operation of the upstrcam hydroelectric projecs.
Althongh six salimon from this release exiled via the bypass, only one did so while flows were greater
than 800 cfs (Table 3-1; Appendix 1). The third rclease on 8 May occurred when turbine flows were
grealer than 800 efs, bul the ouly smolt that exited through the bypass did so two days later {10 ay)
when turbine flow was less than 400 ofs (Appendix 1}. Two fish from this release of 15 smolts did
not pass the project and the remaining 12 passed through the turbines.

Bypass [low was increased to more than 300 cfs for the final two relcases on 9 May and 10 May in an
attenipt to increase bypass passage efficiency. Although [ive out of ten smolts used the bypass from
the 9 May release, only one did so under high flows (Table 3-1; Appendix 1). For the Tast release on
10 May, onc smolt out of ninc passed via the bypass when trbine flow was greater than 800 ofs;
(heee others exited through turbines, four spilled over the dam and one did not pass (Table 3-1; Ap-
pendix 1).

Residence time in the projeet area for radio-tagged salmon following their release increased in 2000,
In 1999, average passage ime was 12 hours, however, in 2000 it was nearly 26.5 hrs. Passage times
were ¢stimated from time of release to time of passage via a particular route. In 2000, the average
passage tinte was 26 |l 31 m, with a range of 0 h: 19 m 1o 218 h: 31 m. “Transil” times were ¢sfi-
mated [rom time of release (o the time a radio-tarsed smolt was tast detected at the furtiest down-
stream receiver within the Project area (station 6), The average transit time in 2000 was 38 h: 7 m,

18621 Gandners Falls 2000-doe 327000 11
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Figure 3-3. View of the louver/bypass area at the Gardners Falls Project showing flow vectors along the ._
louver line and dam’s face with a 150 efs bypass flow, Spring 2000.

Figure 3-4. View of the louver/bypass area at the Gardners Falls Project showing low vectors along the
leuver iine and dam’s face with a 294 ofs bypass Now, Spring 2000,
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ranging from 0 h: 20 m to 218 h: 34 m. The project power canal and the area between the louvers and
the canal headgates were the primary places the salmon chose to linger in.

Additionally, eighteen radio-tagged smolts that had been released above the Deertficld No. 4 project
for the PG&E study were deteeted at the Gardners Falls Project (Table 3-2; Appendix 23, Of these,
17 were verified as passing the Project - five (29%) exited via the bypass, 6 (35%) passed through the
turbines and 4 {24%) spilled over the Gardners Falls dam. One tish did not pass and 2 were detected
at the arrival polnt but could not be located again (Table 3-2). However, of the five fish that exited
via the bypass, four (80%} passed during high flow conditions. The reason this group of fish had
greater passage success at the higher flows than those released into the Gardners Falls headpond may
have been due to the percent of bypass flow compared to turbine flow at the time of their passage.
Three of the [our salmon that exited the bypass when turbine flow was higher than 800 cfs also had
high bypass flows that were greater than the target bypass flow of 150 cfs. Fish 91,96 and [05
passed when bypass attraction flows were 353 ¢fs, 593 cfs and 457 ¢fs, respectively. These bypass
tlows for fish 91, 96 and 105 ranged from 27 % fo 46 % of turbine flow, much greater than the 150
cfs bypass flow that approximately cquates o 13 % of turbine flow when the project operates at
Maximum generation,

Table 3-2.  Passuge Routes Taken by Atlantic Salmon Smolts Released Above Decrtield No, 4
Project Passing the Gardners Falls Hydroelectric Praject. Spring, 2000,

Through Bypass
Turbine Flow {cf)
Release Total Through Total Did not
Gronp Arrived Turbines | =& <800 Unknown Spilled | passed Pass
3 May Joild [ o L I 1 3 a
vy Sofld 3 3 i 0 0 7 1
10 May Tofls 2 1 a 1 3 7 a
Todals 18 of 43 ] 4 1 2 4 17 1
% 42% 5% 299 12% 24% B4, 6%
Category Toial Pasyed: 17 Total Detected: 18

Many of the radio-tagged salmon detected approaching the Gardners Falls site were not guided by the
louver array, but instead, either came along the dam's face or avoided detection by swiniming under
the array. Of the 51 radio-tagged salmon know to have passed the project, 31 came in contacl with
the Touver array (Table 3-3). Of these, [4 were guided to within 3 ft of the bypass entrance, but only
seven opted to cxit through the bypass - the remairing 17 fish either passed through or dove under the
louver array or remained. in the headpond. Eight radio-tageed salmon that either came along the dam
face or sounded under the louver array were detected at the bypass entrance, and of these six exited
through the bypass. Therefore, of the 51 fish known to have passed the projeet, 22 were defected
within 3 It of the bypass entrance and of these 22, only 13 exited via the bypass {Table 3-3). The re-
maining radio-fagged salmon that passed the project but were not detected at the louver array or
within 3 {t of the bypass entrance, either passed under the louver array and exited throagh the turbines
or spilled over the dam.  Additionally, three fish did not pass the project during the study period.
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Figure 3-3. Flow velocities along the Louver array and the bypass eitrance during the Gardners Falls

Study. Spring, 2000.
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Table 3-3.  Number of smolts guided by the lowver array during the Gardners Falls Study.

" Spring, 2000,
Enolts Detected
' Smolts Detected within 3 [t of Passed throagh By- . .
Guided hy at Louvers Bypass pass Passed through Turbines
Oiher* 1] 8 6 ' 2

* Presumably guided by flow aleng dane™s face or approacked the louvers deeper than 3 {1,

Flow velocities at two locations and depihs along the louver areay (13 and 2/3 the length of the lou-
ver array) and at the bypass entrance were recarded at five different flow seenarios during the study
(Figure 3-5; Appendix 4). When bypass flows were approximately 150 ofs, velocity at the bypass
entrance (at | fi of depth} ranged from 3.3 to 4.3 [t per second. At the same time, flow velovity along
the louver array ranged from 0.8 lo 2.7 ft per second, gencrally increasing as it moved along the array
toward the bypass entrance. In most cases, flow along the louver array increased as turbine fow in-
creased. The highest veloeitics at the bypass entrance (6.3 fi/sce) occurred when bypass flow was
294 ofs and turbine Mow was 924 cfs. Velocity along the louver array during this test scenario was
also high, and ranged from 2 to 3 {ifsec.

Average daily river temperatures during the spring 2000 study period ranged between 10.9 and
17.9°C (Figure 3-6). Radio-tagzed smolts used for the tests ranged In size from 186-249 mm total
length, with an average 0f 219 mn. Twenty-four hour mortality due to tagging and handling was
zero, and tag retention over the first 24 hours was 100%.

Although the louver array was not very effective at guiding smolts to the bypass gate when canal
flows were greater than 800 efs, it was effective at flows less than 600 cfs. Figure 3-7 shows the
combined passage routes taken by 197 radio-tagaed salmon detected at the project during the 1959
and 2000 studies. These fish include the 145 radio-tagged smolts relcased {and detected) at the pro-
Ject in 1999 and 2000 combined with the 52 radio-tagged salmon from the upstream PG&E studies
(18 in 2000, 34 in 1999). Even though bypass [low varied during some of these releases, it is obvi-
ous that the bypass/lovver array was successful af passing more than 70% of the salmaon smolts at tur-
bine tlows below 600 cfs.

A combingd total of 67 radio-tagged smolts (52 rcleased for the Gardners Falls study and 15 for the
Deerlield River No. 4 study), were verified as passing throwgh the Gardners Falls Project's turbine
during the 1999 (30 smolts) and 2008 (37 smolts) siudies. Of these 67 smolts, 59 (88%) were de-
tecled at the next downstréam project (Deerfield River No. 2. Only 1 {1%) smolt became stationary
in the Gardners Falls tailrace area after passage through the unit in 1999, Seven (10%) of the smolts
{21in 1999 and 5 in 2000) could not be [ocated again after passing through the Gardners Falls Project
torbines. Extensive manual tracking between the Gardners Falls and the DR No. 2 projects, paricu-
larly the 1000 {t area immediately below the Gardners Falls project’s tailrace, failed to locate these
fish via radio-telemetry. Loss of contact could result trom 13 the radio tag malfunctioned (battery life
exceeded), 2) the fish continued downstream undetected by traveling deeper than normaf; 3) the fish
was predated vpon by another fish; or, 4) tag regurgitation after passing through the turbines.

The tracking configuration did not pennit determination of passaze through individuzal units. How-
ever, unil passage during the 1999 season oveuired only during Unit No. 4 operation. Appendix 5
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Figure 3-6. Averge daily river temperatores (°C) during the Gardners Falls Study. Spring, 2000,
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conlains an estimate of the individual onit flows during passage and calenlated wicket zate opening.
Most passage occurred at approximately 100% gate, althongh some passage ocourred at substantially
lower gate setiings. Appendix 6 contains a summary of the river fiows during the 1999 and 2000
stdies. River Mlows during the 1999 stdy appear to be below average while river flows during the
2000 study are at or above the long term average river flow.

In 1999 ihe transit time between the Gardners Falls and DRP Mo, 2 projects after passage through the
units averaged L5 h:25 m, median was 6 h:53 m, and ranged from 1 h:48 m (o 5 d:6 h:30 m. Transit
times during the 2000 study between projects were comparable 1o 1999 (average was 7 1:23 m, me-
dian was 4 h:33 m, and ranged between | h:30 mto 5 &:18 hi9 m). Appendix tables 5-1 and 5-2 Jist
the lurbine-entrained smolts, their time of passage, estimate Mlow at the time of passage through the
Gardners Falls units and arrival time to DRP No. 2.

32 - DBYPASS SURVIVAL TEST

Normandeau biologists released marked salmon smolts into the Gardners Falls bypass flow on two
separate dates, The first occurred on 13 May, when 50 streamer-tagged smolis were released dircetly
into the bypass flow. However, shortly after the fish were released an unseheduled flow release at thie
upstream dam cavsed a spill condition at the project. When the bypass gate was closed approximately
10 minules after the fish were released water continued to spill over the dam’s flash boards, prevent-
ing full draining of the plunge pool and hampering our attempts to operate the bypass net. We re-
opened the bypass gate for 2 hours in an allempt to flush the marked Gsh out of the plunge pool and
o the bypass net, however, only 14 tagsed fish cnlcred the net. During this 2-hour period, water
spilled over and through cracks in the plunge pool’s flash boards and some tagged fish were observed
cseaping aver and under the flash boards. Numerous streamer lagged smolts were observed swim-
ming in the plunge peol even after the bypass net was removed. Two ol the 14 recaptured salmon
worc severely descaled and perished alter 24 Lours (Table 3-4). These 2 fish were impinged for ap-
proximately two hours against a very large Jog stuck in the net, whick cansed (heir descaling and
death. Beeause the spill persisted and we conld not drain the plunge pool to recover the remaining
fish, the test had to be aborted A second bypass survival test was made on 17 May. Mormandeauw per-
sonnel used different color tags (orange) Lo be able to distinguish these fish from those roleased pre-
viously. A total of 58 streamer tagged smolts wore released directly into the bypass flow. The bypass
gate remained open for 10 minutes [ollowing the release, then it was closed to drain the plunge pool.
Ten marked smolts were recovered in the net and 41 were seined from the plunge pool after it had
been drained. Seven of these smolls were from the first release (i.e., white tags) and hiad remained in
the plunge pool unharmed for 4 days. All fish from both releases were alert and none showed any
major scale loss. All smolts were quickly transported back (o the holding tank and monitored for 72
hours, Survival results from the second test showed 100% survival on the fish that were recaptured
(Table 3-4}. As in the [irst test, a number of marked smolts were obscryed spilling over the plunge
pool impeunding wall during the 150 ¢fs bypass spill and some others were observed escaping recay-
ture through some large cracks that existed between the bedrock and the Mashboards. Fourteen smokts
from this release were not recovered for this reason. Additionally, no dead or injured/disoriented fish
were observed during the test. The bypass plunge pool was fully drained following the second test
and na fish were {oft in the plunge pool. Bypass [lows for both tests were set at 130 cfs using the
aunfomaled settings. River temperature was 11.5°C for the first test and 12.0°C for the second test.
Survival for 30 control fish after 72 hes was 100% (Table 3-4).
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Telemetry data provided from the PG&E study indicated that of the 51 radio-tageed smolts that
passed the Gardners falls project, 47 (92 %) arrived at D.R.P. No. 2 Project, 39 (76 %) passed D.R.P.
No. 2, and 21 {41 %) were detected 0.25 miles below the confluence of the Counectiout and Deerfisid
rivers (Appendix 5). It is possible that more fish may have cventually arrived and passed DRP N, 2
and reached the Connceticut River since no allowance for tag regurgitation/expiration was made (av-
erage cadio tag life expectancy is 12-18 days). No Gardners Falls smaolts were detected at Cabot sta-
TG,

Table 3-4.  Bypass Survival Test Results for the Gardners Falls Study. Spring, 2000.

Released 2 48

Total Tag reten-
Event {tngged) Recovered Hr | 24 Hrs Hrs 72 Hrs alive tinn
Control {30} 30 0 i ] ] 30 100%
Test 1 =l 14! 0 2 4] ] 12 100%%
Test 2 35 32 0 g o o 31 10625

. Test was cancelled due to spill over dam aller lish were released, nnable 1o reeapture the 36 remaining fish.
%, Seven {ish recovered were feom the Test | releasc 4 days earlier. A lolal of 14 salmon escaped over the plunge pool wall
wnd throwgh cracks ity the Nash boards.

4.0  DISCUSSION

The Gardners Falls bypassflouver array (bypass) was not very effective at guiding and passing salmoen
smolts at fiows higher thaa 800 cfs. Howgver, the bypass was effective {preater than 70% passage) at
passing salmon at flows less than 600 cfs during both the 1999 and 2000 evaluations (Figure 3-7). It
is not clear why the bypass is more effective al the lower flows.

Ong problem noted during the test was that 43% of the radio-tageed salmon released in 2000 were not
guided by the fouver array, but instead either approached the bypass enirance along the dam face or
sounded under the louver array and were not detected (Table 3-3; Appendix 3).

Of the 31 radio-tagged salmon that were guided by louver array during the 2000 test, 14 came within
3 ft of the bypass entrance. However, only 7 of these 14 salmon exited through the bypass, Appar-
ently, many salmon chose to sound under the array and pass through the turbines. Indeed, of the 22
radio-tagged salmon released in 2000 that were detected within 3 ft of the bypass entrance {8 of these
were not detecled at louvers), only 13 eventually exited through the bypass (Table 3-3).

Increasing the bypass flow from 150 to aver 300 cfs for the last two releases did not improve passage
through the bypass (only 2 of 29 used the bypass during high fiows). As with the other releases, four
of the six fish that used the bypass during these releascs did so when turbine flow was less than 800
cff. .

lnzprovements made to the bypass plunge pool at Gamers Falls have made it a safe passage route for
downstream migrating salmon. Not all of the test fish were recapiured because the large, deep plungae
pool made it impossible o block all escape routes. The 150 ofs bypass low was constanlly spilling
over the plunge pool flashboards at several Incations during the tests. Tagoed salmon were observed
cscaping the plunge pool by going over, under and throtgh some ol the gaps in the flash boards in-
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stalled to increase the depth of the pool. However, all fish recaptured from the second test survived
for at least 72 hours, including seven tagged individuals that safely remained in the plunge poal for

four days before their recapture. The two salmon that died after the first aborted test were lmpmgf:d
[or hours against a log that spilled over the dam and became lodged in our net

The bypass system obtained the best effectiveness results dnring the low flow periods of the 1999
study season, DBy comparison with average river flows during the passage season for the Deerfichd
River {Appendix 6}, the 1999 study seasen oceurred during periads of river flow approximately 40%
befow the long term average river flows. The 2000 study began during river Dows more typical of the
long term average with higher than normat flows during the latter part of the study petiod.

Getween 1999 and 2000, 2 total of 199 radio-tagoed smolts were veritied as passing the project by
either the bypass, spillage or unit passage. Ofthe 199 fish 109 (55%) used the bypass eate, 19 (9%}
passed via the spillway, and 67 {34%) passed through the turbines and contact was lost with 4 {2%4) of
the fish. 5% out of the 67 fish (88%) that passed through the Gardners Falls turbines were deteeted at
the next downstream prajeet. By combiuing survivals through the various passage routes (bypass,
spiflage and furbines), the estimated project passage survival is approximately 949,
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Appendix 1. Disposilion of Radio-Tagged Atlantic Salmon Smolts Released Upstream of the
_ Gardners Falls Project During Spring, 2000,

Fish # .
(Trigital Passage Bypass Canal Last Location/Date
codc) Frequency(MHz) | Date/Time | Exit Route | Flow{efs) | Flow(eds) Detecied
' Released 5/4400, 1501
1 1492 3460 1520, 575 Turbines 4232 761 Conn. River, 5/13
2 145360 16:12, 544 Turbines 134 903 Conn. River, 5/7
3 148360 2244, 5i4 Turbitics 15] 1294 #2 Forebay, 514
4 149,360 18:04, 57 Turbines 156 905 #2 Taileace, 522
] F49.3a0) 18:08, 5/4 Turkines 152 Q05 #2 Tailrace, 5/5
(i 1449360 1a: 1, 5/4 Turbkines i3 03 Conn. River, 5/9
7 149 360 1 1e:lg, 54 Turbings 154 05 Conn. River, 5/7
8 148 360 20034, 504 Turhings 153 905 &2 Forebay, 5/22
o 149.3a0 20008, 544 | - Turbines 155 905 #2 Tailrace, 5375
10 149360 2034, 5/4 Twbines 155 1337 #2 Forchay, 55
Released 5/5/00, 1859-191 6
11 149360 {5:13, 56 Bypass 153 L Bard, Ferry, 5/7
12 149 360 200:31, 545 Rypass 15% 370 Conn. River, 5/8
13 1493560 ' 2140, 55 Bypass 159 Q46 #2 Tailrace, 5/22
14 149.360 03:58, 36 Bypass 153 379 &2 Tailrace, 5/3 -
15 1492.360 20:39, 5/5 Bypass (334 37 Conn_ River, 5/18
16 149360 12:24, 578 Turbioes 159 370 Cann. River, 5/12
17 149 360 23:02, 565 Turbines 133 370 Comn, River, 3/14
51 1458360 07:48, 5/6 Turbines 157 1284 Comn. River, 5/11
15 142360 20:48, 5¢5 Bypass 159 370 #2 Tailvace, 5713
24 148360 - [ Unknown MDD o406 #2 Tailrace, 5721
. Released S/8/40, 1855-1915 '
21 149, 3460 21:56, 5/8 Turbings 154 1337 #2 Tailrace, 512
22 [49.3a0 21:42, 5013 Turbines 155 ans Cont. River, 5719
23 144,360 ™A DHE | 152 374 GUF. Canal, 520
p.t | 148,360 21:45, 5/8 Turhines 154 903 #2 Tailrace, 5/
25 149.3a0 2251, 510 Turbines 354 370 Bard. Fetry, 5713
26 149.360 {44, 5/9 Turbines 152 905 G.F. Tuilrace, 5/9
27 149360 2148, 5110 BEypass 438 347 Bard. Ferny, 5711
28 149,360 19:41, 3/8 Turbines 155 T HR) Conn. River, 5/11]
pi1] 149360 © 2101, 508 Turbines 154 405 #2 Forebay, 5/8
30 149360 20:534, 58 Turbines 151 05 Comn. River, 5412
H 149,360 20:11, 378 Turbines 151 G5 Conn. River, 5/12
32 149 340 NA NP 53 379 G.F. Canal, 320
33 142360 21:33, 578 Turbines [ 34 1337 #2 IForebay, 5/8
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Fish # .
(Digital Passage Bypass Cinal Last Loeation/Dale

codc) Frequency{MHz) | Date/Fine Exit Route | Flow(eis) | Flow(cfs) Detecied
34 l4§*.36_|ﬂ 20:14, 58 - Turhincs 151 a05 Conn. River, 5/11
35 149,360 2121, 5/8 Turbines 134 1337 #2 Tailrace, 5/9

Released 5/9/00, 1855-1916

36 149,360 06:06, /10 Bypass 36 379 Conn, River, 5/13
37 149,360 A Spilled NA 1255 Comn. River, 5/20
38 149 360 0746, 512 Turbines 545 T 4.F. Tailrace, 312
34 [49.360 19:57, 5713 Turbines 150 04 #2 Forchay, 5/22

40 149,360 20:02, 510 Turbines 366 I Lomm. River, 5718
41 149 364 20032, 5/9 Bypass 334 37 Bard. Ferry, 3/12
42 149,360 2{1:33, 59 Bypass 324 379 Cone. River, 5/16
43 149.360 17:06, 51 Bypass 593 1235 2 Tailrace, 5/22
44 149360 2133, 519 Bypass 34 379 G.F. B. reach, 3/20
45 149360 Na Spilled MA 1296 #2 Taileace, 5622

Released S04, 1855-19035
46 149360 21:31, 5/19 Turbines 156 1255 G F. Tailrage, 5/19
47 14%.360 NA (B A Na GUF. H. pond, 3020
48 149360 07:32, 514 Turbiney 154 1255 Bard. Ferry, 5/14
49 149360 A Spilled NA 1294 Conn. River, 5/14
50 149,360 22:15, 310 Turbinss 554 294 Conn. River, 5/13
52 1493460 MNA Spilled MA (255 #2 Tailrace, 5714
53 142,360 MA Spilled WA 1255 Conn. River, 5/13
54 ©149.360 MA Spilled MNA 1235 (.F. Tailrace, 5/11
55 1449 340 244, 5148 Bypuss 150 1312 Bard. Ferry, 5/22
Abbreviations:

G.F.= Gardners Falls Project

#2 = Deerfield Project No. 2 (USGen)
Bard. Ferry = Bardwell Ferry Bridge (Deerfield River)
Conn. River = 0.25 miles below conlluence of Deerfield and Connecticut Rivers

DNP = Tish did not pass project

MNA = Mot available
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Appendix 2. Disposition of Radin-tagged Attantic Salmon Smolis Released Upstream of Deer-
field Project No. 4 for the USGen Dowestream Passage Studies Detected at the
Gardners Falls Project During Spring, 2000,
Fish #
(Digital : Passage Bypass Canal Last Location/Date
code} | Frequency{MHz) | Date/ Time Exit Rante ] Flow(els) | Flow{cfs) Dctected
Released 573/00 {3 out of 14 detected) _
139 14%.744) 00:56, 5/9 Turhines 152 1337 G.F. Tailrace, 549
140 149740 23:00, 5/t | Spilled 303 1296 G.F. Taileace, 510
146 142,740 {%:19, 511" | Unknown 385 1255 (.F. headpond, 5/11
Released 5/5410 (8 out of B4 detected)
87 149760 17:35, 577 Bypass 153 1337 3.F. Tailrace, 3/8
89 149 760 20:21, 516 | Turbines E54 1312 G.F. Tailmece, 5716
o1 149,760 19:33, 510 | Bypass 353 1296 {i.F. tailrace, 5/10
95 149.760 1526, 5/T° | Bypass 156 379 G.F. Tailrace, 5/8
a5 146 760 215,510 | Turbines 593 1206 G.F. Tailrace, 510
98 149,760 03:40, 512 | Bypass 572 1235 G.F. Tailrace, 5712
oy 149,760 1531, %11 | Turbines 153 1255 G.F. Tailrace, 5711 .
104} 142,760 NA DNP MA NA (i.F_ H. pond, 516
Released 5/00/00 (7 ont of 15 detected)
Lol 149 750 4:35, 5/19 | Turbines 151 1328 G.F. Taflrace, 5/19
104 145740 05:56,5M 1 Spilled 583 1235 G.T. Tailrace, 5/11
105 149 760 11:54, 5/13 | Bypass 457 1255 G.F. Tailrace, 5/13
156 142,740 U6:13, 5/14 | Turbines 149 1233 G.F. Tiilrace, 5/14
157 142,740 08;06, 5711 | Spilled 583 12535 (i.F. Tallrace, 5/11
138 144,740 (2:48, 5/11 | Spifled 600 1276 G.F. Tailrace, 5/11
159 144,740 Qo015 512 | Unknown 560 1255 G.F. H. Pondd, 5712

Passagc ¢slimated from last detection time, passed undetected through project.

Bypasq and louver receivers were set 1o scan only two frequencies at a ime to minimize data loss
from Gardners Falls Fish. Clannel 22 was scanned on Bypass and louver receivers until first Channel
23 fish were detected on the Jetty recciver, then Channel 23 was scanned. All other stations {Jelty,

Bypass reach, Canal, and Tailrace) scanned afl three frequencies thraughout the study.

Abbreviations:
Gi.FF.= Gardners Falls Project
#2 = Decrticld Project No. 2 (1/SGen)
Bard. Ferry = Bardwell Ferry Bridge {Deerfield River)
Conn. River = .25 miles below conflucnce of Deerfield and Connceticul Rivers
DNP = Tish did not pass project
NA = Not availabic
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Appendix 3. Number of radio-tagged salmon detected in the vicinity of the lonver array and
bypass entrance during the Spring 2000 tests at the Garduers Falls Project.

FiISHID | BYPASS CANAL LOUVER WITHIN 3 FT OF EXITED
FLOW FLOW GUIDED | BYPASS ENTRANGE BYPASS
1 422 761 ¥ n n |
2 154 o05 n n n
3 151 1296 n n [y
4 156 805 Vi n n
5 152 ans ¥ n n
] 154 gns ¥ n n
7 154 805 n n n
3 155 ans ¥ n n
8 155 205 ¥ n n
10 155 1337 y n n
11 153 378 ¥ y y
12 159 370 h ¥ ¥
i3 159 846 n y y
14 153 378 n ¥ y
18 159 370 n ¥ ¥
16 159 370 ¥ ¥ n
17 153 370 ¥ ¥ n ]
19 154 370 n y ¥
20 MNA 245 unk unk ik
21 154 1337 n i n
22 155 805 y n n
23 152 379 v {1} n n
24 154 1] n i f
25 554 ave [y i n
26 152 a05 ¥ ¥ n
27 438 397 y ¥ ¥
28 155 05 il ¥ n
29 154 ais ¥ y n
30 151 205 ¥ ¥ it
21 151 205 Y ¥ n
32 153 379 ¥ {1} n n
33 154 1337 n n n
34 154 905 n ¥ n
35 154 1337 . il n n
36 316 1255 y y y
a7 NA na y h {2) n
38 324 avy [y n n
39 353 805 y f h
40 353 a7y y n n
41 366 379 ¥ y y
42 366 378 n ¥ y
43 593 1235 ¥ y y
44 366 379 ¥ y y
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FISHID | BYPASS CANAL LOUWER WITHIN 3 FT OF EXITED
FLOW FLOW GUIDED | BYPASS ENTRANCE BYPASE
45 593 1296 ni2) n n
46 154 1255 y h n
47 na nz ¥ {1} na na
48 872 1255 y n n
49 554 1246 n n (2
50 438 1296 ¥ n f
51 157 1284 y ¥ n
52 538 1255 n n n (2}
53 na 1255 n n n {2}
54 575 1255 n n o {23
55 160 1312 Y ¥ y

{1} Fish did not pass preject.
{2) Fish spilled over project's dam.
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Appendix 4. Bypass altraction and canal flow seenarios during the Gardners Falls Study.

Spring, 2000,
BYPASS ATTRACTION FLOW: 152 CFS CANAL FLOW: 1358 CFS
FLOW VELOCITIES {ft/sec) DATE 514100
at depth: 1fi 4 1 AVG
3L 240 270 255 TIME: 1115
25 L 260 2770 2.65 . TIME: iile
AT BYPASS ENTRANCE: 3.50 330 344 TIME: 1117
BYPASS ATTRACTEON FLOW: 156 CFS CANAL FLOW: 93d CFS
FLOW YELOCITIES {It/sec) DATE; 5/4{00
at depih: Ift 4 £l AVG
I3 L 140 1.60 .50 TIME: 1515
3L 1.90 2.00 1.95 TIME: L3lo
AT BYPASS ENTRANCE: 4.30 4.00 4.15 TIME: 1517
BYPASS ATTRACTION FLOW: 159 CFS CANAL FLOW: 391 CKF5
FLOW YELOCITIES ([Usec) DATE: S/5{00
at depth: ift 4 fi AVG
113-L 0.90 1.00 093 TIME: 2030
HAL 0.80 090 085 TIME: 2031
AT BYPASS ENTRANCE; 30 340 345 TIME: 2032
BYFASS ATTRACTTON FLOW: 135 CFS CANAL FLOW; 934 CFS .
FLOW YELOCITIES (ft/scc) DATE: 5/8/00
al depth: It 4 ft AV
13L 0.90 0.90 050 TIME: 1920
231 160 1.50 1.75 TIME: 1921
Ti8 L 1.60 1.60 1,66 TIME: 1921
AT BYPASS ENTRANCE; 3.HO 350 3.80 TIME: to22
BYPASS ATTRACTION FLOW: 284 CF5 CANAL FLOW: 926 CFS
TLOW VELOCITIES ({t/sec) DATE: S/9A0
at depth; Lf1 4 ft AVG
3L 2.00 2400 2.00 TIME: 1911
23 L 2.20 220 2.20 TIME: 1912
T8 L 300 300 .00 TIME: 1913
AT BYPASS ENTRANCE: .30 NiA 6.30 TIME: 1414

12621 Caacchiers Fiells 2004k.doe $3/2701]



APPENDIX 5. Estimated Turbine Survival throurh the Gardners Falls

1999,

2000.

Project in 1999 and 2000

Thirty radio-tagged smolts (21 released for the Gardners Falls study and 9 for the
Deerfield River Project study) were verified as passing through the Gardners Falls
Project’s turbines. Of these, 27 (90%) were detected at the next downstream
project (DRP No. 2) but only one became “stationary™ jn the Gardners Falls
Project’s tailrace. Transit time between the Gardners Falls and DRP No. 2 projects
averaged 15 h: 25m, median was 6h: 53m, ranged from 1h; 48m to 5d: 6h: SOm.
Appendix table 5-1 lists the turbine-entrained smolts, their time of passage,
estimate flow at the time of passage through the Gardners Falls units and arrival
time to DRP No. 2. Although the tracking configuration did not permit
determination of passage through individual units, unit passage duzing the 1999
season occurred only during Unit No 4 operation.

Thirty-seven radio-tagged smolts (31 Gardners Falls fish and 6 Deerfield project
fish) passed through the Gardners Falls turbines in 2000, Of these, 32 (86%)
smolts were detected at DRP No 2 and no radio-tagged smoits became stationary
in the Gardners Falls tailrace. Transit times between projects were comparable to
1999 (mean=17h:23m, median=4h:53m, range=1h:31m-5¢:18h:9m). Appendix
table 5-2 lists passage times and flow for the turbine-entrained fish in 2000 and
their arrival times to DRP No 2

Summary .
Total entrainment: Statignary affer passage:  Arrived at DRP No 2
1999= 30 smolis, 1 smolt 27 smolts
2000= 37 smolts, { smolts 32 smolts
Total= 67 smolts, 1 smaoli 39 smolts
Percent= 100% 1.5% 88%

Seven smolts (2 in 1999 and 5 in 2000) could not be located again after passing
threugh the Gardners Falfls Project turbines. Extensive manual tracking beiween
the Gardners Falls and DRP No 2 projects, particularly the 1000 £ area
immediately below the Gardners Falls tailrace, failed to locate these fish via radio-
telemetry, Loss of contact could result from 1) the radio tag malfunctioned (battery
life exceeded); 2) the fish continued downstream undetected by traveling deeper
than normal; or, 3) the fish was predated upon by another fish after passing
through the turhines.



Appendix 5

Turbine Entrained Smolfs and Last Detection

Table §-A: Summary of 1999 Study

Fish Passage Turbine Generation {KWh) First Detected Transit time
Ch-code date, time Unit 2 | Unit 4 1 Unit 5] Total at DRP 2 hk:mm:ss
3-2 429159 21:28 0 450 { £50 4{30/89 456 7:28:00
39 4129/59 32:20 & 530 0 B30 4/30189 22:10 23:50:00
314 5/1/99 24:18 ¢ 1225 | © 1225 52788 0:06 2:48:00
3-22 5/2/99 16:14 it 1225 | 0 1226 5/2/99 22.35 £:21:00
2-23 5/6/98 22:38 0 1228 | © 1228 nfa niz (1}
Fedd 5/4/98 4:52 0 0 1042 | 042 nfa nfa {1}
344 5747238 23:02 0 1 437 437 nfa nfa {2
349 515198 2207 0 1229 | O 1229 5/5/99 13:07 15:00:00
3-50 5699 510 0 B4 [ 546 Bi¥/99 11:14 30:04:00
3-51 B/G79% 919 0 &40 0 848 5/7/99 9:45 24:26:00
382 5/6/99 15:35 0 755 0 755 5/11/98 23:25 127:50:00
3-53 5/5/9% 21:47 0 1228 | 0 1228 5608 14:04 13:17:00
3-54 £/2/98 20:03 0 1232 g | 1232 5/8/a9 22.41 2:38:00
3.55 5/5/98 21:10 0 12281 0 1229 54699 11:40 14:30:00
3-5% 57188 3:03 4] 1087 0 1087 Br71e9 21:21 18:13:00
3-71 57199 22,23 0 591 0 591 5/8/99 22:02 23:40:00
3-76 5/2/08 837 0 1225 | € 1225 5/10/98 2:42 18.05:00
3-84 5/2/99 1013 v B4 0 814 5/10/28 2:05 15:52:00
391 5/11/90 19:25 0 1230 0 1230 5/13/98 19:59 43:34:00
302 9788 22745 {0 227 | 0 1227 5711498 7:03 32:17:00
397 S5/10/89 21:07 0 17 0 97 S99 (.34 32700
3119 5/8/99 19:25 0 1229 | O 1229 619739 0:18 4:54:00
3-121* 5/11/99 514 o 1244 | 0 1244 511798 7:33 2:19:00
3127 5/10/98 3:52 0 1228 | © 1228 510798 5:40. 1:48:00
2130% | 5M2/89 17:40 nfa na | nfa hfa 5/12/98 18;59 2:18:00
3-133* - 5i8/98 4:37 0 5B U 561 58 11:51 7:14:00
- 3163 5/156/39 16:05 n/a nfa nfa nfa SM15f99 18:02 1:57:00
23-76* 577799 0:38 dJ 386 ( 0 366 57789 7.08 £.32:00
23-87* 5799 6:16 0 712 1] 712 5799 9:52 J:36:00
23-89° 57799 §:35 a 8h7 ] 857 57199 12:04 3:29:00

L 4

during Spring 1989 and 2000,

(1) Neither tag became stationary in the Project’s tailrace
{2) Tag became stalionary in the area immediately below the tafirace of unit 5.

Appendix 5 5 tables xis table 53-5b

Released as part of the Deerfield River Project Downstream fishways Effectiveness evaluation




Appendix 5

Turblne Entrained Smolts and Last Detection

Table 5-B: Summary of 2000 Study

Fish Passage Turbine generation {K¥Vh) First detected Translt time
Ch-Codg Time/Date Unit 3| Unit 4 |Unit 5| Total at DRP 2 hhimm:ss
341 55400 15:20 850 | 900 0 1850 575400 1737 2:17:00
3.2 54700 16:13 0 800 [ 1300 | 2200 S5M4100 2127 514:00
33 5/4/00 22:45 200 | 900 | 1250 + 305) SMEA00 5:23 30:38:00
24 57700 18:05 850 | 900 [ 13001 3150 510/00 8:45 E2:40:00
35 54700 18.08 950 | @00 | 1300 | 3150 54500 20011 2.03:00
k) 5400 16:10 0 200 | 1300 | 2200 SO0 10:19 138:09:00
37 54400 16:19 0 800 11300 | 2200 5/4100 19:31 3:12:00
3-8 514700 20:34 850 [ 900 {1400 | 3250 5/5f00 0:14 3:.40:00
39 5/4/00 20.08 850 | 900 [ 1300{ 3150 56700 15:05 18:567.00
3-10 of4/0020:34 | -950 | 900 | 4300 2150 514500 22:21 1.47:.00
3-16 5/8/00 12.24 D 820 | 1300 | 2220 5/8/00 15:54 3:30:00
317 Si5/00 23:12 00 | 900 0 1800 5/6/00 1:41 2:29:00
. 3-51 5/8/00 7:48 0 820 | 1200 | 2220 510/00 11:25 499:37:00
3-H E/8100 21:56 950 | 800 (1400 3250 5/10/00 22:34 48:38:00
3-22 51300 21:42 850 | 900 | 1300| 3050 5/13/00 23:38 1:67:00
3-24 B/8/00 21:45 030 | 900 [ 1300 3150 579400 22:42 245700
3-25 5110000 22:54 950 | 900 | 1300 | 3150 5711400 3:23 4:32:00
3-26 519100 0.46 800 | 900 | 1300 | 3100 nfa {3} n/a {3)
3-28 58700 1941 0 800 { 13007 2200 5/9/00 §:58 11:17.00
329 318700 2911 S50 | 9006 | 1300 3150 BI8IA0 22:42 1:31:00
3-30 S/8/00 20:54 950 | 900 | 1300 3150 5/10f00 18:04 45:10:00
3-31 5800 2011 0 820 | 1300 | 2220 5/9/00 15:37 18:26:00
3-33 8/8/00 21:33 950 | 900 ] 1300 | 3150 5/8/00 23:10 25:37:00
334 5/8/00 20:14 0 g20 | 1300 2220 /9700 5:02 8:48:00
3-35 518100 21:21 850 | 800 | 1400 3250 5/8100 22:53 1:32:00
3-38 512/00 7:46 880 | 900 [ 1300 3080 n/a{B) nfa {4}
3-39 91300 18:57 | 900 | s00 | 1300| 3100 51300 22:57 3:00:00
340 51000 20:02 { 200 113001 2200 5/10/00 23:31 2:20:00
346 SAS00 21:31 850 | 950 | 1400 3300 nfafg) - nfa (5)
3-48 514400 7:32 880 | 850 [ 1300 3030 5114/00 9:35 2:03:00
350 SM0/002215 | 850 | 900 [ 4300 2150 511100 7:43 9:28:00
2388 58100 20:21 920 | 200 | 1300| 3120 nfa{g) nfa {&}
23-05* 8100 22:15 950 | 900 | 1200} 3150 511700 1:35 3.20:00
£3-99* 511400 15:31 800 [ 800 | 1300( 3100 8M11/00 17:39 2:08:00
23-101* 5M9/00 4:35 850 800 | 1400 | 3280 EM9/00 16:40 2:05:00
22-139" 59400 0:56 200 | 900 | 1300| 3100 nfa{g) nfa {6}
22-156* 514100 6:13 880 | 850 | 1300} 3030 211800 2116 39:03:00

"

during Spring 1892 and 2000.

(3) last detection at Gardners Tailrace /10700, 7:28

{4} Last detection at Gardners talirace 5/12/00, 7:52.
(%) Last detected at Gardners iaifrace §19/00, 24:34
{6). Fish 23-89 and 22-139 did not become stationary in the Project’s area,
{7). Fish first detected on DRP 2 tailrace monitar
(8). Fish did not arrive gt DRP 2

Appendix 5 & tables ¥ls table Sa-5h

Released as part of the Deernield River Project Downstream fishways Effectiveness evaluation




Appendix 5

- Through the Units

Table 5-D: Unit Flows & Gate Settings During tha Year 2000 Study

Summary of Unit Flows
During Stmolt Passage

Flsh Exit | Turhine generation (KVWh) Flow {cfs=(kwh*11.81){head*eff)* | % Wicket Gate Open
CODE |TimefDate] Unit3 | Unita | Units | Total Unit3 | Unlt4 | UnitE | Total || &nlt3 [ Unitd | Unite
1 1820, 55| 950 00 0 1850 265 344 o 17 GO%% B4% 0%
2 1613, 514 1] |00 1300 2200 1] 33 463 &12 0% Q4%  T00%
3 2245 SM| 900 a0 1250 3050 349 349 445 1143 455 a4%]  100%
) 16805, &7 | 950 200 1300 3150 383 Kot 483 1180 28% 4% 100%
6 1808, &5/4| 250 g0 1200 3150 368 A49 463] 1180 0554, 4% 1o0%) -
8 1610, 5/4 a gl 1300 2200 a 248 4563 812 0% 24%| 100%
7 1819, 5/4 [H e 1300 2260 Q 349 463] 812 0% 94%| 100%
-] 2034, 54| 950 |00 1400 3250 368 349 499 1215 60% 84%| 100%
9 2008, 54| 950 LT 1300 3150 263 349 463 1180 28% S4%]  100%
10 2034, 5/ 9a) 200 1300 3150 368 349 463 1180 % a4%5]  100%
il 1224 58 1] 820 1300 22240 L 356 4563] 820 0% SE%)  100%
17 2312 5/5{ 900 S50 ] 1800 244 2449 Q] 897 4% 24% %
a1 Q748 5/6 Q 920 1300 222 Q 356 463) 820 0% 95%]  100%
21 2186, 28| 950 200 1400 3250 268 33 4991 1218 2a% 24|  100%] .
22 2142, 53] 850 500 1300 350 379 349 463 11 8O% B84%] T00%
4 2145 58| 950 S0 1300 3160 383 349 463 1180 %0 4% 100%
25 2251, 5110 950 200 1300 21580 a8 245 463 1180 Bh% 4% 100%
26 0046, 591 900 00 1300 100 348 349 463 11671 H4h 84% | 100%
28 1041, 5/ a 200 1300 2200 2] 248 453 812 0% 24%( 100%
29 2911, 5/8| 950 800 1300 3150 358 344 4631 1120 0904 a5 i00%
30 2054, 848 950 ang 1300 3150 365 349 463| 1180 28% 4% 100%
M | 201,58 1] 820 1300 2220 1) A56 A63| E20 a% 8655  100%
33 2133, 5/8| @60 200 1300 3140 355 343 485 1180 %% 4% 1009
34 2014, o8 a 220 1300 2220 d 356 463] 820 0% S6%| 1009%
35 2121, 5% 92E0 900 1400 2250 S66 248 498 1216 23% 24%| 100%
38 0746, 5112  BB0 200 1300 3080 241 349 4632 1153 g4 4% 100%
34 1957, 5M3| 00 800 1300 310G 249 349 4831 1161 Bd% 2% 100%
41 2002, 510 1] 200 1300 2206 1] 349 AG3| EB12 0% 4%  100%
A6 2131, 5A%f 930 950 1400 3200 63 358 493 1235 DE% 28%]  100%
£8 0732, 514 B30 8& 1300 2030 341 324 463 1133 5% BO%[ 1008
5D 2215, M0 980 800 1300 3180 S68 248 463 1180 B9% 4% 100%
1] 2021, 5116 90 200 1300 3120 358 344 463 1158 05% 94%| 100%
95 2215, 5M0| o950 oo 1300 3150 268 Ko 4631 1180 LA 84%| 100%
83 15631, 5A11] 900 800 1300 100 349 349 483 1161 4% 4%  100%
101 0435, 5M9] 950 900 1400 3250 68 348 - 4090 1216 20% 84%| 10004
138 OsE, 8| 800 200 1300 2100 244 349 463] 1161 4% 24%] 100%
166 |0G13, 8M4{ 8EBD 30 1300 =030 34t 3249 4653 1133 92% 89%| 100%

ASSUMPTIONS:
Fower Factor = 0.05
Unit Efficiengy = 0.8 for Units #3 & &4
{87 for Unit s
Avn net head = 381 feet

NOTE: Powerhouse ganeralion figures for 1889 are derived fram tha projects hourly averages.
Generatlan figures for 2000 weare taken from natantaneous video recording of the Projects analag

gauges within the Project's powerhouse

Appendix 5 6 tablas xls table Sc-s5d



Appandix 6: Summary of River Flows

Dala from Charlemont Gage (#0+168500)

1989 Average Monthly

Long Term Average 2000 Average Monthly
dMonth Flow Flow Flow
{% of {% of
{1813 - 1897} cfs averags) cfs average)
April 1870 21 &% 1456 78%
May 1141 628  B5% Mo Data '
June 636 250 39% Mo Data
July 443 361 81% 1364 308%
August 453 252 S6% 1374 303%
Septemnber 482 BG0  137% 647 134%
Data from Wast Deerfield Gage #01170000)
Long Term Average | 1998 Average Monthly [ 2000 Average Monthiy
Month Flow Flow Flow
{% of {% of
{1904 - 1897} cfg average) ofs average)
ApTil 2956 1641  56% 2248  76%
May 1722 org 57% 1643 85%
June 926 368 39% 2045, 221%
July 562 456  B81% 1249 222%
August b66 299 54% 1918 345%
September &07 851  158% B77  144%

Mote: Flow data for 2000 is provisional




