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EXECUTIVE SUMMARY

FirstLight Hydro Generating Company (FirstLight) is the current licensee of the Northfield Mountain
Pumped Storage Project (Northfield Mountain Project, FERC No. 2485) and the Turners Falls
Hydroelectic Project (Turners Falls 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 Fall s PrmipgePeotess (IUR.iThegurréenh e FEF
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.

Prior to initiation of the FERC relicensing process, the Br8ironmental Protection Agency (USEPA)
issued amAdministrative Order dated August 4, 201thich requested a report identifying measures to
prevent discharges of sediments associated with draining the Northfield Mountain Upper Reservoir.
Subsequentlyby letter dated January 20, 2011, FERC staff requested a plan to avoid or minimize the
entrainment of sediment into the Project works during Upper Reservoir maintenance drawdowogy

15, 2011 FirstLight filed th&lorthfield Mountain Pumped Storaged8eent Management Plgthe Plan)

in response to the USEPA and FERC requests.

The Plan was developed in consultation with the USEPA and Massachusetts Department of Environmental
Protection (MADEP). The Plan contained proposed methods to assess sedimanthdyc s i n t he Pr
Upper Reservoir and the Connecticut River (Turners Falls Impoundment) from 2011 through 2014.
FurthermoreFirstLight committedto propose management measures to minimize entrainment of sediment

into the Project works and Connectidiverat the conclusion of the data collection and assessment efforts

During the study plan development phase of the Project relicensing, the USEPA requested that FirstLight
integrate theSediment Management Planto the FERC relicensing procesgirstLight agreed and
designated the Plan as relicensing Study No. Blarthfield Mountain Project Sediment Management Plan

(Study No. 3.1.3) FirstLight also committed to extending data collection efforts pursuant to the Plan an
additional year, throughtd5. FERC approved the Plan as Sthidy3.1.3 in September 2013 required

by the FERC approved Revised Study Plan (RSP), FirstLight is obligated: th)fdanual reports with

FERC USEPA, andMADEPs u mmar i zi ng t he pr eviiesbydDecgmbarrl 6fthe moni t
year in which the monitoring occurre2l) an Updated Study Repoto be filed withFERC based on the
information it has collected to datend3) a report to be filé with USEPA, MADEP and FERC which

would include any additionaidid data collected after September 2615

Study No. 3.1.2ontains various field studies and data collection effshieh have occurred from 2011
2015. The resultof these effortswill be used to inform management measures to minimize entrainment
of sediment intahe Project works andischarge tahe Connecticut Riveduring drawdown or dewatering
activities. Once all ongoing tasks have been completed and revj&irstlight will presenits proposed
sedimentnanagement measurtesthe USEPA, MADEPand FERC The proposed management measures
will be discusseith thefinal reportfor StudyNo. 3.1.3 which FirstLight expects to complete Bgptember

1, 2016

1 As required by FERC and the USEPA, FirstLight filed an Updated Study Report for Study No. 3.1.3 on September
14, 2015. The September 2015 repmdvided a status update of all study tasks, data results and analyses for
completed tasks, and a high level overview of the ongoing tasks. This submission updates the September 2015
Updated Study Report to reflect additional data collection and anaiyels have occurred between September and
November 2015.
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1 INTRODUCTION

FirstLight Hydro Generating Company (FirstLight) is the current lieensf the Northfield Mountain

Pumped Storage ProjecNd@rthfield Mountain Project,FERC No. 2485) and the Turners Falls
Hydroelectric ProjectTurners Falls ProjecEERC No. 1889)FirstLight has initiated with the Federal

Energy Regulatory Commission (RE, the Commission) the process of relicensing Nuogthfield
Mountain and Turners FalBr oj ect s using the FERCO6s I ntegrated
licenses for Northfield Mountain and Turners Falls Projects were issued on May 14, 1968yahd19I80,
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 PA@plication Document (PAD&nd Notice of Intent
(NO)withFERC.The PAD included FirstLi ght 6CnDegcendérRPlnmi nar y
2012, FERC issued Scoping Document 1 (SD1) and preliminarily identified resource issues and concerns.
On January 30 and 31, 2013, FER€}d scoping meetings for tiNorthfield Mountain and Turners Falls

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 meetingt the Northfield Visitors Center on May 14, 20T8ereafter, FirstLight held taesource

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 Coisgion an Updated PSP to reflect further
changes to the PSP based on comments received at the mé&animgdefore July 15, 2013, stakeholders

filed written comments on the Updated P&RstLight filed a Revised Study Plan (RSP) on August 14,

2013 withFERC addressing stakeholder comments.

Prior to FirstLight initiating the FERC relicensing process for the Northfield Mountain and Turners Falls
Projects the U.S. Environmental Protection Agency (USEPA) issued an Administrative Order dated
August 4, 2010which requested a report identifying measures to prevent discharges of sediments
associated with draining the Northfield Mountain Upper Reservoir. Subsequsnidtter dated January

20, 2011FERC staff requesteaiplan to avoid or minimize thantrairmentof sediment into th&lorthfield
Mountain Project (the Project)works during reservoir maintenance drawdowimsresponse to #dse
requess, FirstLight filed the Northfield Mountain Pumped Stora@ediment Management Pléhe Plan)

on July 15, 2011.

The Plan was developed in consultation with the USEPA and the Massachusetts Department of
Environmental Protection (MADEPThe Plan contained proposed methods to assess sediment dynamics
in the Project 6 sthe Ognpedicut RRefsom 204 through a0d4d These proposed
methods included conducting annual bathymetric surveys in the Upper Reservoir to determine annual
changsin sediment volumandcollecting turbidity and total suspended solids (TSS) data routinely at the
Route(Rt.) 10 Bridge(spanninghe Connecticut Riverand at the Northfield Mountain Project.

In its letter of February 16, 2012, the USEPA provided several comments related to the scope of the
sampling and requested that FirstLight develop a Quality Assurance Project PIRR)(Qw\ response,
FirstLight agreed to develop a QAPP dnoperationwith the USEPA, the initial draft of which was
submitted on June 28, 201Phe initial draft of the QAPP included several modifications to the original
Plan, most notably the addition obntinuous suspended sediment monitoring equipment to be installed
upstream of the R10 Bridge andat the Northfield MountairProject The USEPA provided FirstLight

with comments pertaining to theitial QAPP on July 31, 2012vhich FirstLight addressk FirstLight
submitted revision 1 of the QAPP to the USEPA on October 19, 2012.

In 2013, as part of the study scoping process associated with the relicensing of the Northfield Mountain and
Turners Falls Projects, the USEPA requested that FirstLight io@igptheSediment Management Plan
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into its relicensing studies. As such, FirstLight included Skeeiment Management Plam the RSP as
Study No. 3.1.Northfield Mountain ProjecBediment Management Pl&tudy No. 3.1.3).

In accordance with th8edimenManagement Plaand Study No. 3.1.3 RSP, Upper Reservoir bathymetry
surveys have been conducted annually (starting in 2011) and suspended sediment has been monitored
continuously in the vicinity of the Rt. 10 Bridge and at the Northfield Mountain Pi@et2i mid-2015).

In addition, grab samples have been collected throughout the study area during this tir29 {(ZX)1Dver

the course of this time period, the continuous monitoring program was modified several times due to
technical challenges encoentéd with the monitoring equipment. In 2013, following a status update
meeting with USEPA and MADEP personnel, FirstLight announced that sediment monitoring activities
would be extended for an additional year through the fall of 2015 due to these tedmieages.

Also in 2013,FirstLight expanded the scope of Studp. 3.1.3 toinclude various modeling components.
Modeling efforts implemente as part of this study includthe development of &omputational
Hydrodynamic Sedimentatiomodel of the Upger Reservoira ComputationalFluid Dynamics (CFD)
sedimenationmodelof the Project tailracegnda physical model of théroject area Furthermore, in 2015
FirstLight commissioned a pilot dredge of the Upper Reservéis of the date of this reporthe pilot
dredge has been completed while the modeling efforts are still ongoing

At the conclusion of these efforts, the results of all components of this study (i.e. modeling, dredging, annual
bathymetry surveys, and suspended sediment monitoring) wiludesl to help inform sediment
management measures that vaoid or minimizethe entrainment of sediment in the Project wakd

the Connecticut RiverGiven that a number of tasks are still ongoing at the time of this filing, this report

will be limited to a discussion of available results from 2011 thrddghember2015 and will include a

high level overview of the ongoing taskBue to theexpansiorof the study efforand theongoing nature

of several of the study tasks it is anticipated that theafil report, including Firstl
management measures, will templetedby September 1, 2016.

Available information which will be discussed in this report includes: 1) a general overview and status
update of all study components (indlogl those tasks that are currently ongoing); 2) analyses and results
pertaining to the annual Upper Reservoir Bathymetry Surveys {2013; and 3) analyses and results of

the suspended sediment monitoring efforts (2@035). Report sections relevant this discussion include:

9 Section 2 Field Studies and Data Collection;
9 Section 3Data Analyses;
9 Section 4 Results and Discussioand

{l Various Appendice$A-F)
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2 FIELD STUDIES AND DATA COLLECTION

Various fieldstudiesand data collection efforts associated whis studyoccurredfrom 2011to 2015
These efforts included

1 Annual Upper Reservobathymetry survey@0112015)i Section 2.1

9 Continuous gspended sediment monitoringstream of the R10 Bridge and at the Northfield
Mountain Projec{20122015)i Section 2.2

1 Periodic crossectional suspended sediment monitoring at the Rt. 10 Bridge and Northfield
Mountain tailrace boat barrieuoy line(2013)i Section 2.2

1 Grabsample colleddbn upstream of the R10 Bridge, across thetRLO Bridge,andat the Northfield
Mountain tailrac€2012-2015)i Section 2.2

9 Development of alJpper ReservoiComputational HydrodynamiSedimentation wdd (2013
2014)i Section 2.3

1 Development of a Northfield Mountaiailrace CFDSedimentation model (201#)Section 2.3

1 Development of a physical model of tNerthfield Mountain tailrace andusrounding are§2015)i
Section 2.3and

1 A pilot dredge of the Upper Reservoir (2013 ection 2.4

This section providesneoverview of each study component listed abdwedepth décusn pertaining to
data analysis armésultsof the annual bathymetry surveys and suspended sediment monitmibg found
in Sections &nd4, respectively.

2.1 Upper Reservoir Bathymetry Surveys

Northfield MountainUpper Reservoir bathymgtisurveys have been conducted annusihce 2011to
approximatehe sediment volume accumulated in the Upper Reservoir, and more specifically the amount
of sediment accumulatl in the intake bannel. Figure 2.11 shows the Northfieldlountain Upper
Reservoir including the intake channeihere the surveysccurred Table 2.11 providesa summary of

the relevant information from each sunmegluding whichfirm collected the survey datihe vertical datum

of the surveywhether a single or mutbeam echosounder was usedd relevant notd# any).

For each survey @esselwas equipped with either a single or miidam echosounder usedrézord the
reservoirwater depthThe echosounder was linked to a R€ahe Kinematic Global Positioning System
(RTK-GPS)which was usetb record thevertical andhorizontalpositioring of the echosoundeturing all
survey operationsAll horizontal podions were referenced to the North American Datum of 1983 (NAD83)
Massachusetts Mainland State Plane, U.S. Surveycfemdinate systemvhile all vertical positions
referenced the Northfield Mountain Pumped Storage Facibityical datumor the NationalGeodetic
Vertical Datum of 1929 (NGVD29)

At the conclusion of each survey, thathymetric data wengsed tocreate a Triangular Irregular Network

(TIN) which depictedJpper Reservoir bedlevatons The TI1 Ns wer e ftihedn uasnedd firna
mnuso operations to det er mi neeadhlyeaas wellds theereldtive v ol u me
changes imedelevation. A contour plan and sounding plan were created for each annual(gynpyendix

A).
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Additional information pgaining to the data analysis and results for each bathymetry survey can be found
in Section 3.1and4.1, respectively.

2-2
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Table 2.1-1. Summary of Upper ReservoirBathymetric Data Collection

Date of
Bathymetric
Survey

Bathymetry Collected by

Vertical
Datum

Single or
Multi -beam
Echosounder

Comments

Novembers,
2011

Ocean and Coastal Consultants
Inc., with SeaVision Underwater
Solutions

Northfield
Mountain
Pumped
Storage
Facility
vertical datum

Single beam

SeptembeR9-
30,2012

Ocean and Coastal Consultants
Inc., with SeaVision Underwater|
Solutions

Northfield
Mountain
Pumped
Storage
Facility
vertical datum

Multi-beam

Multi-beam surveys collect large
swaths of souting data which allows
for greater resolution

October5-6,
2013

CHA Consulting, Inc.

Northfield
Mountain
Pumped
Storage
Facility
vertical datum

Single beam

October 1112,
2014

SeaVision Underwater Solutions

Northfield
Mountain
Pumped
Storage
Facility
vertical datum

Multi-beam

In addition to the multbeam survey
gravity cores were utlized at s
locaions within the intake channdd
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2.2 Suspended Sediment Monitoring

From2012to 2015 FirstLight operated continuous suspended sediment monitors at three locations in the
Project areaHigure2.2-1), except during the winter period (freezing temperatur@shtinuows suspended
sediment monitoring equipment used as part of this study included two Laséu IBcattering
Transmissometry (LISST) HYDRO uni(slYDROs)and one LISSIStreamSid€StreamSideynit. The

LISST HYDROs were installed at the Northfield Mount&roject (initially in the powerhouse and then
relocated to the tailrace in 2013) whiletStreamSidevas installed just upstream of thé RO Bridge in
Northfield, MA. Additional LISST equipment that was utilized during this study included the E188%

which was used to collect cresectional data at thetRLO Bridge and Northfield Mountain tailrace boat
barrierbuoy linein 2013.

In addition to theLISST instrumentsgrab samples were takéom the drain hoses of the HYDROs and
StreamSide (2032015), from the edg®f-water at each LISST instrument (2015), and acros&tht0
Bridge (2015)

This section provides a detailed discussion of each of the suspended sediment monitoring methods
employed as part of this study.
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2.2.1 LISST Equipment

LISSTStreamSide

Starting in 2012, aontinuous suspended sedimaranitor (LISST-StreamSidejvas installed in a secure
closet on theight bank of the Connecticut RivéTurners Falls Impoundmentjpstream of the R10
Bridge in Northfield, MA Figure 2.2.11 shows the location of the instrumeatative to theRt. 10 Bridge.
The StreamSideasinstalledannually(20122015)by April 1 (or assoon aglow conditionsallowed and
remainedin place until late Novembewxhen it was removed for the seasdrigure 2.2.12 depcts the
cabinet setugvhich house the StreamSide.

The StreamSidevas connected to a pump installed at a fixed location intBeapproximately 145 feet
offshoreandsuspended about 2 feet from the river bottévater was pumped from thver throudn the
instrument whergarticle size distributionRSD (microns)and total concentrationg | / L) wer@a |l ue s
measured usingser diffraction technology. After flowing through the instrument the water was returned

to the river awater sample was not retad. Prior to eacimeasuremendistilled water was run through
theinstrument o aut o matii pdoatb the/nexi recerded ineasuremeiit datawerestored on

t he i nstr umen théyserdavnloaded to B eomputerrby fieltl techaits.

Measurementeeretypically recordedat the top of every hour with the average sampling duration lasting
60 seconds. Eaagneasurementonsisted of &0 second clean water flusB00second intake flush (river
water from the pump), and 20 second posmeasurementlean wateirflush? Clean water background
readings were taken and stored every threasurementsy subtracting the measurement of light scattering
in clean water from that resulting from the turbid sample wateeinstrument then comparete field
recordedclean water backgroundith the manufacturer preset clean water reading. For the device to be
working properly, these readings should be similar.

The StreamSidavas serviced on a weekly schedule during which time the data was downlitrexdeléan
water tank was refille¢this occurred twice a weelthe optical cells were cleaned, the battery voltage was
checked, and, if necessary, the connectors, casing, and hoses were cleaned.

Over the course of the study, StreamSide data colleefforts wereaffectedby equipment malfunctions

and electrical issues which resulted in sporadic data gaps. Instrument issues ranged from electrical
malfunctions, pmp malfunctions, and instrumefailures which resulted in the instrument being taken
offline and shipped to the manufacturer for repdiimited usable data were collected in 2012 as a result

of these instrument issueés such, data analysis and results presented in this report focus on the 2013
2015period Following thechallenging2012season, FirstLighaind the equipment manufactureorked

closely totroubleshootheequipment malfunctionsModifications were made to the electrical components,
instrument settings, and closet which housed the instrument. At the request of Firthkeigitjuipment
manufacturer visited the sitduring the 2013 field season t@view andcertify the instrument setup

(AppendixB).

In spite of the equipment manufacturers certification that the instrument was piopeiled equpment
malfunctions and electrical issues continued to plague data collection efforts during the 2013, 2014, and
2015 field seasons resulting in sporadic data gaps. FirstLight continued to work closely with the equipment
manufacturer, however, instrumessues continued to persist. Following a major equipment malfunction

in early 2015 which resulted in the instrument being taken offline, shipped to the manufacturer, and rebuilt
and following consultation with USEPRirstLight curtailed continuous suspd sediment monitoring at

the StreamSide.

2 These settings represent the final data settings used during the 2014 and 2015 field seasons. The final instrument
settings were refined during the 2012 and 2013 field seasons and determinddharation with the equipment
manufacturer.
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Discussionpertaining to the StreamSide data analysis and results can be foSedtion 3 and 4.2,
respetvely.

LISSTHYDROs

To monitor SSC moving into and out of tiNorthfield MountainUpper Reservoirfwo continuous
suspended sediment monitors (LISHYDROs)wereinstalledin theNorthfield Mountainpowerhouse in

2012 The HYDROs were installedirectly inline to two separate 3@ch service water lines using
available service water taps. TheiB6h service water lines tie into the draft tube area which contains the
same water that is flowing through the pump/turbines. The LISST Hydro North instruairtstalled to
monitor Units 1 and 2, while the LISST HYDRO South was installed to monitor Units 3 and 4. The goal
of the powerhouse HYDRO configuration was to measure SSC and PSD values observeHrdjgatg
pumping and generating cyches laser difraction technology

Data collection inside the powerhouse was attempted fromDeoember 2012 with limited success.

After extensive troubleshooting by FirstLight and the equipment manufacturer it was determined that the
pressure from the service walime was too great for the HYDROs to adequately record measurements and
that maintaining the configuration in the powerhouse was not going to yield sufficient usable data.
Following extensive investigation by FirstLight and the equipment manufactuesidetermined that
relocating the HYDROSs to the banks of the Project tailrace would allow for representative measurements
to be recorded during pumping and generating cycles without the difficulties encountered in the powerhouse.

Starting in 2013, the H¥RO instruments were relocated to the left (HYDRO South) and right (HYDRO
North) banks of the Project tailrace where they have remained in place through B83& IoEationallow

for representativaneasurementso be recordedduring both pumping and gerating cycles. During
pumping, the water within the tailrace may contain sediment that is pulled into the system from the
Connecticut River through the intaldile during generation, the water that is being discharged from the
Upper Reservoir back to thirer may similarly contain sedimenBDue to the fact that suspended sediment
may vary laterally across the tailrace and/or vertically within the water column depending on Project
operations twalYDROswere utilizedat the tailraceBy installingHYDROson either bank of the tailrace,
combined with crossectional data collected by the LISRU0X, a representative datasedsdeveloped.

Figure 2.2.13 showsa typicalcabinet setupised to housthe LISST HYDRO instruments whilgigure

2.2.14 depicts their locations at the tailrace

HYDRO instruments, and their associated equipment, were installed anf2@4182015) by April 1 (or

as soon as flow conditions allowed) and remained in place until natetdNovember when they were
removed for the seasoricachHYDRO instrumentwas connected to a pump installed at a representative
location within the tailraceThe HYDRO Northand Souttpumps was installed approximateB0 ft. from
eachshore(far enougloffshore so as to be theintake channgland approximately 2 ft. off the bed

Total concentratior( € | d@ndl PSD(microns)were measureat each locationusing laser diffraction

technology at 20ninute intervals. After flowing through the instrumeritg triver water was released

through a drain hose. A water sample was not retained except for periodic grab samples that were collected.
Cleanwater background readings were taken from filtered potable water and stored prior to each sample to
automaticalyfiz er o0 t he i nstrument by subtracting the mee
that resulting from the turbid sample wat€he instruments operated on as¥tond clean water flush, a
300-second pre flush, a a&cond clean water flush angt@amatic optical lens cleanirfg.

The instruments were visually inspected and cleanemlveekly basido ensure proper working order and
clean optic cells Data downloads from the instrumeni®re not necessary because each HYDRO

3 These settings represent the final data settings used during the 2014 and 2015 field seasons. The final instrument
settings were refined during the 2013 field seasons and determined in collaboratioe wihiffment manufacturer.
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instrument transmittechte data directly to FirstLightodéds histor
from the historian computer system on a weekly basis.

Similar to the StreamSide, HYDRO data collection effdérten 20122015 were affectedby repeated
equipment malfunctionsnd electrical issues which resulted in data gaps. No useable data were collected
in 2012 when the instruments were located inside the powerhouse. As such, data analysis and results
presented in this report focus on the 2@035 period. After relocatinthe HYDRO instruments to the

tailrace in 2013 FirstLight requested the manufacturer visit thelgiiag the field season to review and

certify the instrument setup\ppendixB).

In spite of the equipment manufactu@rcertificaion that the instruments weriastalled properly,
equipment malfunctions and electrical issues continuedfést data collection efforts during the 2013,

2014, and 2015 field seasons resulting in sporadic data gaps. FirstLight continued to workvitto sledy
equipment manufacturer, however, instrument issues continued to persist. Following a major equipment
malfunction in early 2015 which resulted in the instrument being taken offline, shipped to the manufacturer,
and rebuilt and following consultédn with USEPAFirstLight curtailed continuous suspended sediment
monitoring at the HYDRO locations.

Discussionpertaining to the HYDRO data analysis and results can be fous#kétion 3 and 4.2,
respectively.

LISST100X

Crosssectional data at the Rt. Bdidge andthe Northfield Mountain tailrace boat barrfanoy linewere
collected via a LISSTLOOX in 2013 over a range of flow and operating cood#i The crosssectional

data were collected for a variety of reasons, includintn détermineotal concentratioand PSD variation

across the crossection over a range of flow and operating condition$y ggtermingotal concentration

and PSD vaation throughout the water column over a range of flow and operating conditiotts, 3)
determine if the StreamSide and HYDRO pumps were installed at locations representative of the cross
section, and 4) as a check on the data collected at the Stream&id¥AROs.

Datawerecollected using a crane and reel setup from thé&®Bridge and from a barge at the tdield
Mountain tailrace.Figure 2.2.15 shows theconfiguration of théarge at the tailrace whilggure 2.2.16
shows the configuration of the LISEIDOX. As observed ifigure 2.2.16, asoundingweight with fins
was attached to the LISSIOOX to orient the instrument against the current and hold it in a copsisitibn.
Sampling stations were identified at evenly spaced intervals using the\Eglihl Increment Method
(EWI) along transects at each location prior to samphtgyven (1) stations, spaced at 56ot intervals,
and 9 stations, at ~J0ot intervds, were identified at th&®t. 10 Bridge and the Northfield Mountain
tailraceboat barrier buoy linerespectively(Figures 2.2.41 and2.2.1-4). Total concentratiorfpl/L) and
PSD (microns) measurememiere collectedia laser diffraction technologgt the surface andfdot depth
intervals at each increment urgjppproximately one foot frorihe bottom was reachedit each station, the
instrument was held in place for a minimum of 60 seconds witteauremenbeingrecordecevery second.
Cleanwater backgrounds were collected using distilled water before and after sampling at eachi¢ransect
filzer o0 t h.eFollowing tompletiom ofta transect, the data were downloaded to a conifhaer.
instrument did not require maintenance except for regular cleaning of the optical lenses.

Over the course of the study it was observed taah & ISST instrumen{StreamSide, HYDRO North,
HYDRO South, and LISST00X) was unique, given thatachcontainedits own unique lenses for
measuring laser scatterAs a result of thispreliminary analyses revealed different total concentration
measurements between the LISBIOX and the other LISST instruments. After discussion with the
manufacturer, it was determinttht the values provided by th&sST-100X were not directly comparable

to the other LISST instruments dueliimitations in instrument capabilityEssentially, each instrument

could measure particles from the same water and provide a different valeenlylway to standardize

the datawould be to convert the LISST measurements to mg/L using grab sample data. This conversion
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was not performed for the LISSID0X due tahe fact thatoo few laboratory samplegere collectedhat
corresponded to theross-sectional sampling effortAlthough the LISST instruments were not directly
comparable, general patterns observed at each instrument were comparablefore, the LISSTL00X

data were only used to describe general esestional patterns ratherath quantitative comparison against
the other LISST instruments.

Discussion ofhe LISSTF100X data analysis and results can be fourfgeiction 3 and4.2, respectively.
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Figure 2.2.12 LISST StreamSide EquipmentCabinet Configuration
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Figure 2.2.:3 LISST-HYDRO Cabinet Configuration (typical)
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Figure 2.2.15 LISST-100X Collection from barge at the Northfield Mountain Tailrace
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Figure 2.2.26 LISST-100X Configuration
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2.2.2 Grab Sample Collection

In the originalSediment Management Pléited July 15,2011, FirstLight proposed a foyear sediment
monitoring study in which turbidity and TSS data were to be collepiaderlyandduring targeted periods

of high flow in various locations throughout the Impoundment and the Northfield Mountain Upper
Resevoir. TSS and turbidity grab samples were collected on two occasions during 2011 in accordance
with the orighal plan.

Based on the data collected in 2011, and in order to accomplish the study goals, FirstLight proposed
changingthe data collection methadand protocols to rely on the LISST continuous suspended sediment
monitorsin place of periodic grab samples starting in 20IBese proposed modifications were discussed
in theUpdated Sediment Management Péard QAPP Revision.1 At the request of thdSEPA, periodic

grab samplesontinued to becollected during the 2032015 monitoring period$o supplement the
continuous suspended sediment dafaom 20122014 grab samples were colleciegriodically over a
range of flow and operating conditionsrtdhe StreamSide artldYDRO drain hoses The grab sample
program was expandéa 2015to includeLISST drain hose samples, edgewater samplesollected in

the vicinity of the LISST pumpsand crossection samplesollectedat the Rt. 10 Bridge and Naiteld
Mountain tailrace boat barridif safely possible) Data collected as part of the expanded 2015 grab
sampling progranncludes

9 Daily grab samples were collected from the LISST drain hoses (StreamSide and HYDROS) from
April 7, 2015 until the contiuous suspended sediment monitoring portion of the program was
discontinued in June.Drain hose grab samples were collected at the same time as a LISST
measuremenivhen possible.Samples were not collected when the instrunveas offline due to
variousequipment malfunctions

9 Daily grab samples were collected from the edfywater in the vicinity of the LISST pumps
(StreamSide and HYDROSs) starting Apfjl2015until October 302015 at which time the program
was discontinue

1 Crosssection grab samplagere collectediia a Kemmereat predetermined statiofiequalwidth,
50 foot interval)across the Rt. 10 Bridge dour occasions over a range of flewuring the spring
freshet 20,00660,000cfs). Crosssectionstations useth 2015were identical tdhe stations used
in 2013 for the LISSTLO0X data collection effort. Samples were collected following the EWI
method at three depth increments at esiation (~1 ft. belowhe surface, middle of the water column,
and ~2 ft. from the bed). Each individusample was submitted tan independent analytical
laboratory for analysisFigure 2.2.21 shows the configuration of the Kemmerer used to collect the
samples.One crosssection composite was also collected and submitte@ talioratory for analysis.

1 FirstLight intended to collect grab samples across the Northfield Mouatlace during the spring
freshethowever, flow and operating conditions deerteasl effortto be unsafeAs such, 2015 cross
section dataverenot colected at this location.

Figure 2.2.2 shows the grab sampling locationgll grab samples collected during this study were
submitted to an independent analytical lab for analysis of TSS (SM 254009ummpended Sediment
Concertration SSQ (ASTM D3977).

Although not directly comparable with the LISST measurerfghtsgrab sample dasarvetwo important
purposes, 1) to develop a quantitative dataset over a range of flow and operating conditions to complement

4 Total concentration (TC) measurements collected by the LISST instruments are in units of pl/L (wehiled)e
SSC grab sample results are in units of mg/L (ma$hese datasets cannot be compared unless the LISST data is
converted to mg/L.
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or supplement thelISST dataand?2) to develop a correlation between the LISST data and grab sample
data to either confirm or adjust the LISST data.

Discussionpertaining to the grab sample data analysis and results can be fo8adtion 32 and4.2,
respectively.
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Figure 2.2.21 Configuration of Rt.10 Bridge Grab Sample Collection
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2.3 Modeling

In 2013, Study No. 3.1.3 was expanded to include several modeling efforts to better understand suspended
sediment dynamics in the study area and terdeénehow operational or structural modifications could

affect the entrainment of sediment in Project works and the Connecticut River. Specific modeling
components developed as part of this study includ@ohaputational Hydrodynamic Sedimentationdel

of the Upper ReservoiSection 2.3.), a CFD sedimentation model of the tailrace and surrounding areas
(Section 2.3.p and a physical model of the taite and surrounding are&e(tion 2.3.3

As of the date of this report the results of the Upper Reservoir and tailrace an@dils being reviewed

while efforts associated witthe physical modedrestill ongong. Once all three modeling components
have been completed, the results will be reviewed collectareflgombined with the other data collection
efforts associated with this studyttelp evaluat@otential sediment management measures. Given that the
results and conclusions of all three models are linked it is inappropriate at this time to discuss partial or
incomplete findings until all modeling has been completed. As such, discussion pertaining to the modeling
efforts in this report is limited to theigh level overview found in this section. A complete discussion of

the modeling analyses, results, and conclusions will be presented in the final study report.

2.3.1 ComputationaHydrodynamic Sedimentatidviodeling of the Upper Reservoir

In late 2013, FirstLight contracted with Alden Research Laboratory, Inc. (Alden) to study suspended
sediment dynamics in the Upper Reservéis part of this effortAlden developed a-8imensional (Z2D)
Computational Hydrodynamic Sedimentatioodel to understand the prosesf sedimentation in the
Upper Reservoir and to evaluate lalegm sediment management alternativeshat area The model
Alden used was the commercially available MIKE21C (DHD 2umeric model. The main objective of
the modeling was to determineaifmodification in Upper Reservaimtake channegjeometry or lowering

the Upper Reservoir elevation below its current lower limit of elevation 938 feet (mean sea levél (msl))
could reduce sediment accumulation in the future.

The 2D model was field vatlated using an Acoustic Doppler Current Profiler (ADCP) to document flow
field patterns induced in the Upper Reservoir during both pumping and generating operating conditions.
The field collected dataevethen compared to the model output.

Model runs wes executed using: 1) the current FERC operational drawdown limit of the Upper Reservoir
of 938 feet msl, 2) lowering the UppReservoir drawdown to 928 ft. msl, 3) lowering the UgReservoir
drawdown to 920 feet msl, and 4) physically reducing the inthlannel width, with the goal of increasing
intake channel velocities during generatiohe May 2014 Alden report describing the modeling was
submitted orDecember 1, 2014s part of theSediment Management Pl&an2014 Summary of Annual
Monitoring.

As of the date of this report, the results of this modeling effort are still under raviesnjunction with
other study efforts A detailed discussion pertaining to the modeling analyses, results, and conclusions will
be presented in the final study report

2.3.2 Computational Fluid Dynamics Sediment Modeling ofNbethfield Mountain Project
Intake/Tailrace

FirstLightalsocontracted with Aldeto study the suspended sediment dynamics in the Northfield Mountain
intake/tailrace area. The tailrace modelfiprt focused on the entrained sand and fine material from the
Connecticut River which is transported to the Upper Reservoir during operational pumping phases as well
as potential solutions in the tailraceréalucesediment transport to the Upper Reservoir.

SNGVD29 is commonly referred to as mean sea |level. Fo
considered identical.
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The ultimate objective of this modeling effastto determine if physical modifications to the Northfield
Mountain tailrace intake areacould reducesediment entrained to the Upper Reservoir during pumping
operations and hence redwssliment accumulatian the Upper ReservoifTo accomplishthis objective

Alden developed a-Bimensional (3D) Computational Fluid Dynamic€CFD) model of the Northfield
Mountain tailraceand surroundingrea(500 feet upstream and downstream from the tajracae 3D

model was developed, validated, and used to simulate sediment mobilization under a range of Connecticut
River dischargg Impoundment water levels, and operational pumping schemes (1, 2, 3, or 4 pumps moving
water to the Upper Reservoirh series of thre€FD sediment simulations were used to compute sediment
uptake under the existing configuration and to quantify the effectiveness of a convex sediment exclusion
structure(Alternative 1)anda longer concave sediment exclusion strucfaiternative 2) bottof which

were positioned outside the exclusion zoRiegures 2.3.21 and2.3.22 denote the location of the modeled
sediment exclusion structures 1 and 2, respectively.

As of the date of this repotthe results of this modeling effort are still under reviaweonjunction with
other efforts A detailed discussion pertaining to the modeling analyses, results, and conclusions will be
presented in the final study report.

2-22



Northfield Mountain Pumped Storage Project (No. 2485) and Turners Falls Hydroelectric Project (No. 1889)
NORTHFIELD MOUNTAIN PUMPED STORAGE PROJET SEDIMENT MANAGEMENT PLAN

Figure 2.3.21 Tailrace/intake CFD Model i Sediment Exclusion Alternative 1

Sediment Exclusion

Structure Alternative 1
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Figure 2.3.22 Tailrace/intake CFD Modeli Sediment Exclusion Alternative 2

Sediment Exclusion
Structure Alternative 2
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2.3.3 Physical Model of the Project Area

In 2015, FirstLight expanded the modeling component of Study No. 3.1.3 to itlicdievelopment of a
physical model of the Northfield Mountain tailrace/intake and Connecticut River in the vicinity of the
tailrace The purpose of the physical model is to reproduce the river conditions (flows, currents, sediment
load) in the study area amalinvestigatenew civil worksthat couldbe constructed at the existing Project
tailraceintake structur@ The goal of thenodeledntake structure upgradeould beto significantly reduce

the intake of sediment during the pump cycle at the ProjéttLight again contracted with Alden for this
effort. As of the date of this report, this effort is still ongaing

Tasks associated with the development of this model included: 1) the collettielevant data and
information (including topographicahydraulic, operational, and sediment ga®) the construction and
calibration of the physical modeasednexistingconditions; 3) the modeling and testing of the new intake
structure; and 4) reportindf successful, the model will allow for

1. The alility to reproduce steady state water surface profiles (calibration process with no operation);
2. The ability to reproducsediment transport through the intake during pump operations; and
3. The investigation of the effect of changes in the intake struotusediment transport.

The physical model represstiie Northfield Mountain tailrace/intake area as well as the Connecticut River
in the vicinity of the tailrace. Specifically, the physical boundary conditions of the model are:

9 Upstream section approxitedy 3.2 km from the intake following the river centerline;
9 Downstream section approximately 0.8 km from the intake following the river centerline;

9 Approximate total river length of 4.0 km following tmiver centerline, which corresponds to an
approximateNorth-South length of 3.7 km and Eaatest length of 1.2 krand

9 The Northfield Mountain tailrace and intake structure

Figure2.3.31 depictsthe extent of the physical model.

Prior to the development of the model FirstLightyided Alden with multiple datasets to support the
modeling effort. These datasets included: bathymetric data for the Impour(@dmkmting the Northfield
Mountain tailracy tailrace/intake drawings, flow and water elevation data, Project operationsuddta
suspended sediment data collected throughout the Impoundrirestdditionto the data provided by
FirstLight, Alden collected supplemental data in 20d&uding 1) the installation o water level logger
on the easthanknear the intake2) addiional bathymetry at the tailrace/intak® collection of water
samples for analysis sluspended sedimeint the river and4) collection ofbed material sampléa the
Upper Reservoir and the riveat predetermined locationskigure 2.3.32 depicts the locations where
supplemental field data were collected.

The physical modeis used to compare sediment intakesociatedvith any modeledintake structual
modificationsto the existing intake structure. Tiaodeled change to ¢hexisting intake structure is
expectedo consist of a deviation/deflection structure upstream oéxistingintake structure to mobilize
the river secondary currents and divert the sediment away from the intake strégjure2.3.33 shows
the preliminary gneral layout of the deflectiastructure. The modeledstructureis designed to allow free

8 Intake structure modifications referred to herein will be designed and constructed for the physedainiyodAt
this time FirstLight is still evaluating the mitigation measuresnitaimize the entrainment of sediment in the Project
works and Connecticut River.
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overflow toward the existing intake with a weir level setratlaevationwhere most of the coarse sediments

are not present (Wer depths). Figures 2.3.34 and2.3.35 depict the physical model as of early August
2015. As of the date of this report, construction of the model has been completed and simulations are
currentlyunderway.

The results of the physical model wi l |l be one mor ¢
measures tminimize the entrainment of sediment into the Project works and Connecticut RBieen

that these efforts are still onggidiscussion pertaining to the physical model in this report is limited to this

section. Furtherdiscussion related to the physical model will be included irfitta studyreport to be

filed with FERC.
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Figure 2.3.34 Physical Model of Northfield Tailrace Area Looking Downstream toward Tailrace

2-30



Northfield Mountain Pumped Storage Project (No. 2485) and Turners Falls Hydroelectric Project (No. 1889)
NORTHFIELD MOUNTAIN PUMPED STORAGE PROJET SEDIMENT MANAGEMENT PLAN

Figure 2.3.35 Physical Model of Northfield Tailrace Area Bend in River is at the Tailrace
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2.4 Upper Reservoir Pilot Dredge

As part of Fi rasséssmeng of sedimentenanageinantueehhiques for the Hrioftight
retained Dredge America, Inc. to assess and perform limited dredging of the Upper Resamtiagy in

April 2015. Physical ativities associated with the pilot dredge were completed in early November 2015.
The pilot dredgewvas conducted to assess whetlieep water hydraulic dredging a viable option for
removing excess accumulated sediment in the Upper Reservdie periodic removal of excess
accumulated sedimembuld reducethe entrainment of accumulated silt into the Project works and the
Connecticut River at harmful levels during drawdown or dewatering activities. Use of marine deep water
hydraulic dredgings not proven in pumped storage facilities, which is why FirstLight coedacpilot or

a test dredge.

One of thepotentialadvantages of deep water hydraulic dredging appears to be that it can occur while the
Project is avdable for generation or pumpmg allowingfor removal of sediments without the need toe

Project to be offlineln contrast, other mechanical means of sediment removal may require dewatering of
the Upper Reservoir and would likely require an extended outage. The technology enhyl@edige
America also inherently avoids disturbance of sediments outside the small area undergoing active dredging.

Pilot dredge progranactivities occured within and immediately upstreaotf the intake channeEigure
2.4-1 depicts the approximate location of the dredging activitiEise pilot dredge affeetiabout 45 acres
(1.6%) of the 274 acre Upper Reservéitthe onset of this effort, up 45,000cubicyards (CY)of material
wereanticipated tde dredged out of the UppReservoir as part of this pilot progratdpon completion
of the pilot program, ~46,000Y wereremoved

The pilot dredging projeatonsistef a boatmounted deep water dredge as the main platform. The unit
utilized a special Ellicot 37Giorsepowedredge. Approximately 80 feet of additional flotatiwasadded

to the front of the dredge in order to extend the laddertdimemaximum depth df20 feet This depth of
dredgingrequiredan underwater pump to lift the slurry off the bottom of the reserVbe power unitvas

set on a second dredge platform positioned next to the main driedgee2.4-2 depicts the dredge setup.

The hybrid dredge setupnfrom a static cablgspanning the Upper Reservoir aggchored on opposin
shores. The dredgedealong the cable and slowsyctionedan area approximately 8 feet wide per pass.
The dredge nde passes back and forth across the limited dredging area similar to a lawn mower cutting
the grass within a large field. The depth loé tsuctionwas limited to approximately 3 feet so that the
sediment on the reservoir bottaemainedstable.

The dredged slurry mixtusgasincorporated with a polymer additive while being pumped into the Geotube
dewatering system, whickaslocated adjagent to the Upper Reservoir. Sediments from the sedimatdr
mixtureweresubstantially captured in the Geotubes, with the filtered effluent flowing back into the Upper
Reservoir at a controlled flow rat&igure2.4-3 shows théseotube dewatering system.

As of the date of this report, the pilot dredgs been recently completed and a fudl/iew of the results

has not yet occurred. As suchijscussion pertaining to the pilot dredge in this reliimited to this

section. Relevantfindingsfrom the pilot dredgewill be included in thdinal study report to be filed with

FERCin September 2016 For additional information regarding
February 24, 2015 filing with FERC.
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Figure 2.4-2 Dredge Equipment Setup
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Figure 2.4-3 GeotubeDewatering System
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3 DATA ANALYSES

This section provides a detailed discussion of the data analysis methods tisedfimual Upper Reservoir
bathymetry surveys and the suspended sediment monitoring effsstssed irSection 2 Section 3.1
discusses the data analysis methods associated witpier Reservoir Bathymetry Surveyslhese
methods typicallyncluded the creation dfriangular Irregular Network§T'INs) and cut/fill calculations to
estimate the total sediment volume flux within the reserv@ection 3.2discusses the data analysis
methods associated with suspended sediment monitoring effortglingctiata collected at the StreamSide,
HYDROs, LISSF100X, and grab samples. Data analysis protocols typically followed three steps: 1)
Quality Assuranc€QA)/Quality Control (QC) of all data, 2) conversion of the LISST volume concentration
(KI/L) to massconcentration (mg/L) using available grab sample data, and 3) analysis of results.

3.1 Upper Reservoir Bathymetry Surveys

As noted inSection 2.1Upper Reservoir bathymetry surveys have been conducted arsina#2011as

part of this study. The 2014nd 2012 surveys were conducted by Ocean and Coastal Consultants Inc.
(Ocean & Coastal) with SeaVision Underwater Solutions (SeaVision). In 2013 the survey was conducted

by CHA Consulting, Inc. (CHA) The 2014nd2015surveyswereconducted by SeaVisionThis section
provides an overview of the data analysis methods
the data analysis was to ctohmp apree viheutesiinmEthéd s ysuwarr
total sediment volume flux within the reservoir.

In 2011 and 2012)nce all field collected data had been post proces3edan & Coastal and SeaVision
conducteda QA/ QC review of the dataset. Thograpliici n a | Q
Information System@lS) database which was used to organize and analyze the data. Once in GIS, the
survey data was used to generate a contour plan of the reservoir from which a TIN was created. Cut/fill
calculations were then performedbycompang t he TI N created for that ye
the previous year(s). Differences observed between the current TIN with the past year(s) TIN(s) indicated
where sediment deposition or erosion had occurred. In addition, the resultscot/fiflecalculations

provided nesediment accumulation or logsantities from year to year.

In 2013 2014 and 201%all post processing of the hydrographic survey data was performed using the
HYPACK software package. In 201G@HA downloadedhe datao an office desktop computavith the

raw unedited data backed up for archival purposes. Latency test computations were performed to determine
latency factors for the hydrographic survey system. Velocity corrections were made to the data from the
velocity profiles observed during the field surveys. Each survey line was edited for spurious depth readings
such as drop outs and spikes. All positioning data and water level corrections were reviewed for consistency.
Any check lines run were compared with the sbog lines at their cross over points. Once the
hydrographic data was edited, the data was sorted at a spacing of 5 ft. and 10 ft. and exported toceASCII dat
files for further processing.

Volume calculations were performed to assess the amount of mdeptited or eroded throughout the

intake channeland entireUpper Reservoisince the 2012 surveyerformed byOcean& Coastal and
SeaVision.The computational process involved the following stépa2013 existing conditions TIN was

created based dhehydrographic survey performed by CHA during the planned outage on October 5 and
6,2013,2) a2012 existing conditions TIN was created based on the 2012Imealth hydrographic survey

data provided by SeaVisipB) nulti-beam data was then sampled frbra 2012 TIN along the sounding

lines obgrved during 2013 survey) aTIN was then created based on the sampled data and was used for
volume calculationsand 5)the2 012 and 2013 TI N6és were compared an
using Autodesk AutofD Land Desktop 2009.

In 2014and 2015 SeaVisionprocesed the multi-beam bathymetric survey ddialowing a four phase
process. In the first phase, position, orientation, water level, and sound velocity profiles for all survey lines
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wereloaded and reewed for errors. In the second phase, individual survewfibeereviewed in a series

of sweeps (usually 50 to 200 at a time) in order to review the swath data and identify any noise, spurious
points, or erroneous soundings that may exist in the dataudaditing of stray data points, and some
automatic filters that search for and remove erroneous wate, therperformed on all data. In the third

phase of processing, all datesd el i vered into a mabase«da@ansguel vi keavte

sections throughout the entire survey arearereviewed simultaneously. Thalowed for thereview of
overlaps between adjacent survey lines nconfirm that the data at the overlapas consistent (thus
building in a quality assurance step to the pseit® phase). At the end of the third phasprocessing,

the datavasbinned for export to a gridin the case of this workhe data grid wageneratedased or8-

feet by 3feet spacingsuch that the sounding assigned to each grid cell representesietzge of all
soundings collected inside of that cell. In the final phase of processing, the ASCII XYZ grid file (with cells
sized at Feet by 3feet)wassubjected to a TIN surface algorithm to generate esitaded relief imagery

and contours. Additicadly, the TIN networkwasused in order to generate decimated grids with soundings
spaced at Hfeet, 25feet, and 5deet.

Volume calculations were then performed to assess the amount of material deposited or eroded throughout
the Upper Reservointakechannel since the 2012 survey. To define the intake channel, the original as
built drawings of the facility were referenced to define the base of the channel. It is believed that this is the
most appropriate means of assessing the

sediment volume behavidn the intake

channel while reducing the impacts that t

sheer, bounding, sidewalls (i.e. the cut ro

wall faces on the north and south sides
the intake channel see inset during s
original construction can have on the[®s
survey data and thus the volumfiy
calculations. Using HYPACK, TINs wergs®
generated for the 2012015 surveys for
comparison of surface changes to calcu
volumes and to estimate the change [
elevation between each surface model.

In addition to the multbeam survey Sok
conducted in 2014nd 2015 gravity cores |
(2014) and vibracores (201&gre utilized
at six locations within thE&lpper Reservoi
intake channel to better ascertain t
sediment thickness in this are@ihe 2015 L : j
cores were not collected at the same exact Iocatlons as the@@s4 however, they were in the same
general vicinity which allowed for indirect comparisons of sediment thickness betweenReaaleth the

gravity core and vibracore collection a similar methodologyewagloyed A four or sixfoot rigid plastic

barel was lowered to the bottom of the intake channel at each location at which time the sampling unit was
deployed from the survey vessel. Tiggd plasticbarrel was prenarked with black electricaapeat the 2

ft. elevation mark so that once the saengiad been lowered to the reservoir bottom and driven into the
sediment&RemotelyOperated Vehicle (ROV) coulsk deployed to identify the degree of penetration into

the bottom sediment&igure3.1-1 depicts still video grabshowing gravity core collection at two locations

in the intake channel.

Table 2.11 shows thathe 2011 and 2013 Upper Reservoir bathymetry surveys were conducted using a
single beam echosounder while the 24214 and 2015uveys were collected using a methiam unit.
For the purpose of this repodnd to get an approximate estimate of annual deposition or erosion rates,
specialemphasis was placenh the results of the 2012 sunay comparedith the 2014 survegiven hat
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each ofthe surveys conducted during sfeoyears utilized a mulieam echosoundeiThe results of the

2012 to 2014 comparison were further bolstered by the ue gravity core dateollected in the intake
channel. Changes in bed elevation wersaanalyzed comparing 2014 to 2015; however, due to the
removal of ~46,000 CY of sediment during the pilot dredge the 2014 to 2015 analysis could not be used to
determine annual deposition or erosion rates in the vicinity of the intake chafmeher dscussion
pertaining tahe 2014 bathymetry analysegliscussed ifsection 4.1

3-3



Northfield Mountain Pumped Storage Project (No. 2485) and Turners Falls Hydroelectric Project (No. 1889)
NORTHFIELD MOUNTAIN PUMPED STORAGE PROJET SEDIMENT MANAGEMENT PLAN

Figure 3.1-1 2014 Upper Reservoir Intake Channel Gravity Core Collectiorf2014)

10/12/2014 1:14:52 PM ;
Northfield Mountain - Intake Channel Sﬁatibh 2
T

H: 069.3 °
D: 111.37 ft
Temp: 67.1 °F

10/12/2014 1:42:35 PM
Northfield Mountain - Intake Charf

H: 069.6 °
D: 10846 ft
Temp: 66.9 °F
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3.2 Suspended Sediment Monitoring

As previously discussed, the suspended sediment monitoring component of this program consisted of three
main tasks: 1) continuous monitoring of suspended sediment at three logdtiinghe Turners Falls
Impoundment(20132015) 2) crosssectional data diection from the Rt. 10 Bridge and Northfield
Mountain tailrace boat barrier buoy line via the LISBIOX (2013)and grab sample collectiq2015)

and 3) grab sample collection at the StreamSide, HYDRO North, and HYDRO South locations over a
range of fows and operating conditiorffg0132015) Once all data were collected, or laboratory results
received, FirstLight conducted a thorough Q&/review of all data. Data thatdid not pass th@A/QC
measuresvere flagged or removed from the dataSéte final grab sample dataset was then used to convert

the LISST data (StreamSidadHYDROs) from volume concentration (pl/L) to mass concentration (mg/L)

in order to be directly comparable. Various data analyses were then conducted on the final, converted
datasets in order to better understand suspended sediment dynamics througsialytheeaver a range

of flow and operating conditions.

This section provides a detailed discussion of the QA/QC protocols followed for the LISST and griab sam
data(Section 3.2.}, the protocols followed for the conversion of volume concentration (ul/L) to mass
concentration (mg/L)Section 3.2.9 and the analyses which were then conducted on thiedataset
(Section 22.3).

3.2.1 QA/QC ofdata

Once all field data were collected, or laboratory results were received, each dataset went through a thorough
QA/QC process before being accepted as fibata which passed the QA/Qiotocols were considered

final while the remaining data were flaggaad excluded from analyse®A/QC measures performddr

each dataset are described below.

Continuoud.ISSTData

The StreamSide and HYDRO instrumemeasuredotal volume concentratn (ul/L) and particle size
distribution(microns)using laser diffraction technologyData were downloaded from the StreamSide on

a weekly basis in .CSV format. The .CSV files were then brought into Microsoft Excel where all post
processing occurred. h€ HYDRO instruments were programmed to automatically transmit the collected
data to the Project historian computer systemch was programmed to record the data in Excel format.
Data were revieweith Excelon a weekly basis.

Over the course of this sty@0122015)previously describedperational issues withe equipment were
encountereavhich resulted in thexclusionof many measurementfue to the challenges associated with
using the continuous LISST equipment, FirstLight worked closely withetfugoment manufacturer to
ensure the data collected were correct and usable. Through this collabdratroanufacturgeerformed
QA/QC on the 2013 data ampdovided FirstLight withthe specificQA/QC protocols to be followed when
reviewing the2014 and2015data These protocols included:

1. Review of the instrument Optical Transmission According to the manufacturer, the operational
range of optical transmission for the LISST instrumeists0.3 to 0.98. Samplesith optical
transmission outside of thrange were not included in analyses because resulting total concentration
and mean size were likely inaccurafEhe most common reason for data exclusion was high optical
transmissior(i.e. >0.98) which indicated that the water was too clear for theunstnt to accurately
measure sediment from that water sample.

2. Review of the instrument battery voltage Insufficient battery power to the LISST instruments
resulted in faulty data values. Samphéth low battery voltaggé<10 V)werenot included in anabes.
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3. Review of the instrument clean water level The LISST instruments required occasional clean water
measurements to fizeroo the instrument and accou
occur over time. If the clean water tank, which comd distilled water, was empty, adequate clean
water backgrounds were not obtained. Data values taken when the clean water tank was determined to
be empty were not included in analyses.

4. Remov al of the | argest parti sl a@gs:.tThemabuiactser due t
recommendedxcludingthelargestsizebinsfrom the raw datdue to the presence of rising tdil3his
recommendation was basedthe observed particle size distribution pattdmmd in the data.The
values in the fie largesbinswerenot likely attributed to the measurement of actual sediment particles,
butinsteadresulted from lasescatteringdue to bubbles or thermal effects (i.e. scintillatioft)was
generallyobserved that the five largest bins were rasglin rising tails anderratic measurements.

Total concentration and mean size were recalculated for all samples from the LISST instruments
without including the top five particle size bins.

5. Review of the dataset for duplicate sample$-or the LISST HYDRQOnstruments, data were initially
stored on Fi r dsatabasevhichdvsuld Hili ey data igaps with the lastcorded
measurement (e.g., if an equipment malfunction occurred and the instrument was not collecting data
the historian would autortiaally fill this gap with the last measured valu&iven that these duplicates
were not actually collected during the time given by the data historian, they were not included in
analyses.

6. Review of the dataset for extreme outliersOccasionallytotal mncentratiormeasurements were
provided that were very high relative to previous and subsequeEagurementdut were noflagged
or excludedusing the QA measures outlthabove The manufacturer suggested that these values be
removed on a cadey-casebasisand were likely due to an instrumeassue(i.e. faulty clean water
background) Thesemeasurementsererelatively uncommorntypically few data pointeamong many,
and were not included in analyses if thegre not within the realm of patténg ob&rved in the dataset.

If erroneous data points were still observed, further investigatiortiese values vieollaboration with

the manufacturer occurrédAs an additional QA check, the final continuous LIS®Tl concentration

dataset was plotted aigst the grab sample dataset to determine if the general patterns observed were
similar for each dataset (e.g., if the grab sample data showed a rise, peak, and fall one would expect the
LISST data to show the same pattern).

LISST100XData

All LISST-100X data required posgirocessing and were derived using a spherical particle motih
assumes that particles within the sample that scattered light are all spHeresarniufacturer recommends
a randomlyshaped model for most applications, unless coismas with other laser diffraction instruments

"ARi sing Tailso occur when there are an pladstieudos,i ng nun
indicating that the distribution may be muttiodal but that the entire distribution beyond the ends was not measured

or apparent. From a particle size distribution perspective, it refers to higher values in the smallest or laoiest parti
size bins. Given the indirect nature of the LISST measurements and the issues (i.e. bubbles and scintillation)
encountered, it was determined by the LISST manufacturer that the largest size bins should be removed from the
dataset because the valueghose bins were not the result of actual sediment particles.

8 The LISST equipment measures the particle size and concentration in a number of logarithmically spaced size classes
or bins. Each size class has a manufacturer defined lower and uppengiz©ften times rising tails can occur in

the smallest or largest size classes or bins.

9 Additional investigation beyond the steps listed often resulted in FirstLight sending the data to the manufacturer for
its review.
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could occur. Therefore, the spherinadel was chosen over a randosshaped model because there was
the potential to compare samples from the different LISST instruments.

Clean water backgrounds were re@utdh advance of, and at the completiorfiefd data collection efforts.

During post processinghé data were processed separately using the preliminary and final clean water
backgrounds at which time the backgrounds were averaged to account fachldtgdingand dirty lenses

Similar to the continuous LISST monitoesd at the recommendation of the equipment manufactbeer,
largest size bins were removed from the datiseto some minor rising taééd the data were recalculated.
Operatbnalissues encountered by the continuous LISST monitors margypically encountered by the
LISST-100X; however, the absence of laboratory grab sample data corresponding to the same water that
the LISST-100X measured precludethe conversion of volumeaulflL) to mass concentration (mg/L
Therefore, the use of data from thiSST-100X has been restricted to cregstion patterns and general
observations, rather than quantitative comparison to the other LISST instrdfnents.

Project Operations Data

FirstLight records flow information aiheVernonHydroelectric Project (Verno@nd Northfield Mountain

as well as information pertaining Morthfield Mountain Projeabperations€.g.,number of units pumping,
number of units generating, flow associated whihse operations, etc.). In order to fully understand the
suspended sediment dynamics in stedy areasuspended sediment data collected as part of this study
wereanalyzedagaingti r st Li ght 6 s f | .dorthapughoseqgdthisrepotipfodatavhicha t a
wereutilized in the mainstem analyséscused solely on Vernon discharge alid not take into account
inflow from theAshuelot Riverunless specifically noted.

Gomez and SullivagngineersDPC (Gomez and Sullivamptainedl5-minutePrgect operationand flow
dataf r om Fir st Li ght dverthddowse of this atudygbia recaipt atheedata Gomez

and Sullivarperformed a thorough QA/QC oretldatasetEach parameter was plotted and quality assured
through the removalf@xtreme outliers andalues duplicated for extended peridgti€rroneous dat¢hat

did not pass QA/QC measumesreexcludedrom the dataset.

Grab Sample Data

Over the course of the study, grab samples were collected from the drain hoses of the LIS®&req
(StreamSide and HYDROs) and/or from the edfjvater in the vicinity ofeachinstrumend pump. In
2015, grab samples were also collecteB\W stations across the Rt. 10 Bridge. All grab samples were
submitted to an independent laboratorydpalysis of SSC and TSShe goal of the grab sample data was
to collect instrumenindependent measurementstonplement and comparettte LISST data.

Upon receipt of the laboratory resultsetdataset was manually qualégsured to identify sampl&gth
missing information. If information matches could not be made to chain of custody forms, field notes, or
laboratory reportgdhe sample was removetihe dataset was also review for any erroneous data or outliers.
Few extreme outlierpossibly dued contaminated samplegere observed that weflagged and excluded

from analyses

101 ISST-100X data was also not gntitatively comparable to the StreamSide or HYDRO instrumgundsto the

indirect (laser scattering) nature of sampling and because each instrument measured scatter uniquely (i.e. different
lenses).

1 The Ashuelot River (drainage area ~42F)ng a tribuary to the Impoundment whose confluence is located
downstream of Vernon.

2 puplication of data values was the result of data gaps being filled with the last measured value in the FirstLight
historian database.
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3.2.2 Conversion of Volume Concentration to Mass Concentration

StreamSide and HYDRCathcollectedfrom 2013-2015 were converted from volume concentration (ul/L)

to mass concersdtion (mg/L) using conversion factors developed in 2015. Without convel$®8i] data

would not have been quantitatively comparable among units due to the indirect (laser scattering) nature of
sampling and because each instrument measured scatterdyfiguéifferent lenses).

The LISST instruments measdrotal sediment concentration using laser diffraction technokaggh
providedan estimate of the amount of sediment in the water @&aaure of volume concentratioolume
concentratiorwasrecorded by the LISST instrumeritsthe units of micrditers per liter (uIL). In order

to facilitate the conversion of the dataset from pl/L to mg/L (mass concentration), as previously requested
by the USEPA, grab samples were collected from the draeshaf the LISST instruments and/or the edge
of-water in the vicinity of the LISST instrument puniasbe paired with LISST measuremenfaired
sampling refers to the collection of a grab sample at the same time a measurement is recorded at the LISST
instruments), and was recommended by the manufacturer to develop a conversionifa2@it5, the grab
sampling program was expanded to include daily collection of grab samples at both the drain hose (when
possible) and the edgd-water. Grab samples ¢etted during the previous years of the study (220.24)
wereinfrequent

Given the variability observed among LISST measurements, and because particle densitigcoary,

the density conversiofactor was developed using all available paired sasplith linear regression.

During the conversion development phase, it was noted that the LISST instruments did not reliably measure
if sediment concentrations were extremely low; therefore,4hteycept of the regression equation was set

to zero andte density conversion wése slope of the line

Due to operational issues at the StreamSide, too few grab samples were collected from the drain hose
2015to provide a reliable correlatipedgeof-water samples were used in place of drain samplés

results of the edgef-water samples were appropriate to use given that they were collected in the vicinity
of the StreamSide pump on a daily basihis regression provided a strong correlation and therefore a
reliable conversion factor to mass cortcation for the StreamSid€&igure 3.2.21).

For the LISST HYDRGnstrumentsa sufficient number of grab samples were collected from the monitor
drain hosesn 2015 such that strongorrelations were observeahd reliable convsion factors were
developedFigures 3.2-2 and3.22-3).13

Grab samples &re not available for all LISSTO0X data, and the measurements fromitiisumentvere
not converted to mass concentrati@ues. Because the LISST00X data were primarily used for cress
sectional patterning, relative values of total volume concentration were considered sufficient.

BThe conversion factors are instrumapecfic, rather than location specific. Because the instruments were swapped
and installed on different banks each year, the conversion factors were applied appropriately to the instrument.
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Figure 3.2.21 StreamSide Unit Conversion Equation
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Figure 3.2.22 HYDRO North Unit Conversion Equation
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Figure 3.2.23 HYDRO South Unit Conversion Equation
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3.2.3 Analyses

Following the completion of the QA processes and the conversion of the LISST data from volume to mass
concentration, varioususpended sedimeamalyses werperformedt* Suspended sedimetdncentrations

were comparedvith flow and Project operations data (Vernon and Northfield Mountain) over a range of
seasonaland operationadonditions. Data collectddomthe Rt. 10 Bridge crossectionandthe Northfied
Mountain tailrace crossection were also examined to better understand the suspended sediment dynamics
across theaiver and tailraceas well as throughout the water column. Ciesstional data are also
compared to the point data collected (StreamSHYDROSs,and grab samples) to determine if the
continuous sampling locationgere representative of the larger crgsstion and if any data adjustment

would be needed. This section desibach of the analyses conducted wilkction4 discusgsthe

results.

Comparison of Point and Continuous Measurements to Flow and Operations

Continuoudotal concentratiomeasurementaere analyzed to examine the relationshith river flow
and ProjecbperationgVernonand Northfield Mountaipp Timeserieghourly basis)plots of SSCriver
flow at Vernon Damand Northfield Mountain Projecperational flowdata were developed on a monthly
or 10day time step for the duration of the studyppendi C andD).*® The goals of théimeseriegplots
were to identifypatterns of SSC on amnual, seasonal, and Project operatizasss From theseanalyss,
several periods of interest were then identifiedfurther analysis on finer scale. The finer scale plots
were analyzed to specifically understand the dynamics of SSC and flow in relatimgenerating and
pumping operations at th&roject.

Time periods of interest that were examined on a finer scale included2 Jo@-12,000 cfs), moderate
(12,000-20,000cfs), and high flow 30,00070,000cfs) periods when Northfield Mountain was pumping
and generating over a range of unitgl{1 The spring freshet was also captured during the high flow period
of interest The goa$ of this analysis were to determirld how varying SSC levels could impact the
Project (i.e. sediment entrainment in Project worRkif an increase in SSC values were observed during
pumping and/or generating conditiord3,if an increase in SSC valsievere observed depending on the
number of units onlinél-4), 4) if there was a difference between the SSC values observed frorarthe
bank to thesouthbank of the tailrace over a range of flow and operating conditions)dmalv the SSC
levels of tle mainstem impacted the tailrace and, potentially, the Upper Reséfkeiresults of the edge
of-water grab samplethe StreamSideand HYDROs were used for these analys&sction 4.Zontains a
detiled discussion of these results.

CrosssectionalRt. 10 Bridge

LISST-100X data were collectdd 2013over a range of flowsl(697cfsi 31,382cfs) in order to better
understand houotal concentratioraried across the cresgction and throughout theater column. The
LISST-100X data were also used to determine if the StreamSide pump location was representative of the
crosssection or if adjustments needed to be made to the StreamSide data. Various plots depicting the
LISST-100X data were developeddanalyzed as part of this effoAdpendixE). However,becaus¢he
LISST-100X data werenot able to be converted to mass concentrations, they m@reanalyzed
guantitatively and werenly used to describe the gengratterngn that area of the river

14 Although the LISST instruments recorded PSD measurements, givewlitezt nature of the laser scattering and

a lack of confidence in the accuracy of the particle size distributions provided by the LISST instruments, no analyses
were performed on particle size data. As such, suspended sediment analyses were Isugpdnied sediment
concentration.

S When reviewing the plots contained in these Appendices it is important to note thatxisenyay vary from plot

to plot. Additionally, in Appendix C, gaps observed in the LISST data represent periods of time whsinuheents

were offline due to equipment malfunctions or data that was removed from the final dataset during the QA/QC process.
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In 2015, gab sample dataere collected from the Rt. 10 Bridge over a range of fld@d.(2cfsi 59,700

cfs). The 201%t. 10 Bridgedatawere plotted by depth and station in order to examine whe®@varied

across the rive with depth, or both. Flowsind any changes in flgwere also noted given that the
sampling events occurred over multiple houBab samples were also collected from the aexfgeater

in the vicinity of the StreamSide pump before or after (somethods) crosssectional data collection
occurred. Measurements from grab samples taken near the StreamSide were then compared te the cross
sectional data in order to evaluate whether the StreamSide sampling location was representative of the river
in thatarea. Results were compared to patterns from data collected in 2013 with the-LOBXT

Table 3.2.31 denotes the pertinent information regarding the Rt. 10 Bridge-seas®n data collection
efforts of 2013 and 2015Section 4.Zontains a detailed discussion of these results.

Crosssectional Northfield Tailrace

LISST-100X data were collected over a range of operating condifieBsinits pumping and generating)

at the Mrthfield Mountain tailrace boat barrier buoy line in 2013 to evaluate whetbd@iment
concentrationsliffered by depth and/or station across the Northfield Mountain tailfBlee.LISST100X

data were also used to determine if the HYDRO pump locatioresnepresentative of the cressction or

if adjustments needed to be made to the HYDRO data. Various plots depicting thell@Sdata were
developed and analyzed as part of this efféppendixE). However, because the LISSDOX data were

not able to be converted to mass concentrations, they were not analyzed quantitatively and were only used
to describe the general cressctional pattern in the tailrace.

Additionally, paired grab samples collected2015from each bank weranalyzed using @vo sample
KolmogorowSmirnov testwhich compares the median and cumulative distribution of samples. Using this
test, low pvalues(p < 0.05)would indicate that samples from each bank differ in median, variability, or
distribution. Thistest wagerformedon thecompletepaired dataset, along wiumping and generation
subsets.

FirstLight also planned on collecting crosectional grab samplés 2015 at the samestations where
LISST-100X data were measured in 20diing moderateot high flow events over a range of operating
conditions. Due to safety concemmssociated with collecting samples from a boat at the tailrace while the
Project was operating and river flows were moderate tqg khigwas not possible.

Table 3.2.31 denotes the pertinent information regarding Nwethfield Mountain tailracerosssection
data collection effort in 2013Section 4.2Zontains a detailed discussion of these tssul
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Table 3.2.31 Crosssectional Data Collectioni 2013 and 2015

Flow Northfield
Date Location Method (cf9) Mtn. Notes
Operations
N/A T sampling
4182013 | Rt 10Bridge | HSZLO00X 33483 | point upstream| o Naraal
of Station
N/AT sampling
412612013 | Rt 10Bridge | SZLO00X 15980 | pointupstream| _hawaly
of Station
N/A T sampling
522013 | Rt10Bridge | 520 00 10707 | point upstream| hawraly
of Station
] N/AT sampling
5102013 | Rt 10Bridge | MSZII00X 10070 | point upstream| hewraly
of Station
N/A T sampling
10/3/2013 | Re.10Bridge | o2 M 3,363 point upstream| N AY
of Station
N/A T sampling
10/11/2013 Rt. 10 Bridge |_|s(§/-vllg)ox 5,450 point upstram R(Tlitg‘éaé'%w
of Station
] N/A T sampling
10/16/2013 | Rt 10Bridge | 'S0 4,490 point upstream| _Lavialy
of Station
LISST-100X NAT sampling |-\ 0 rally
10/24/2013 | Rt. 10 Bridge (EWD) 4,278 point upstream| o Lo 4 Fow
of Station
NFM Boat LISST-100X Naturally
10/10/2013 Barriol (EW) 6,782 Idle Routed Flow
NFM Boat LISST-100X . Naturally
10/15/2013 Barrier (EWI) 4171 1 Unit Gen Routed Flow
NFM Boat LISST-100X : Naturally
10/23/2013 Bartier (EW) 4,640 2UnitsGen | pouted Fiow
NFM Boat LISST-100X . Naturally
10/26/2013 Barrier (EW) 4,955 2Units Pump | pouted Fiow
NFM Boat LISST-100X : Naturally
10/26/2013 Barrior EW)) 4,955 3UnitsGen | poted Fiow
N/A T sampling
4/14/2015 | Rt 10 Bridge Gr"’zgvsv?)mp'e 50,53659,700 | point upstrem | YoNON
of Station 9
N/A T sampling
4/17/2015 Rt. 10 Bridge Gre;lévsvzla)mple 47,97052,591 | point upstream D\i/secri:] ;)rn e
of Station 9
N/A T sampling
4/20/2015 | Rt 10 Bridge Grigvsv%mp'e 4128242172 | pointupstream|  "eO"
of Station 9
N/A T sampling
4/28/2015 Rt. 10 Bridge Grz?tévsvzli)mple 20,43719,112 | point upstream D\i/sirr?;)rn e
of Station 9

1 Turners Falls Impoundment Naturally Routed Flow is the sum of Vernon discharge and inflow from the Ashuelot

and Millers Rives.
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4 RESULTS & DISCUSSION

As previously mentioned, thdorthfield Mountain Project Sediment Management Plas evolved into a

robust studywith multiple field data collectionmodeling,and analysis components. The results of the
various data collection and analysis efforts which have occurred from2ZBBland have been completed

as of the date of this repodre presented in this secatioSection 4.1presents the findings of the annual
bathymetry surveys including estimations of the total sediment volume flux within the res&gofi;m

4.2 discusses the findings of the suspended sediment monitoring portion of the program based on the data
collected at the StreamSide, HYDROSs, LISBIOX, and from the grab samples. Results discussed in that
section include analysis of SSC timeserieglagv and Project operations (Vernand Northfield Mountain

and review of specific periods of interest which exhibit a rarigever and operations conditions.

4.1 Upper Reservoir Bathymetry Surveys

As mentioned irgection 3.1the results of each annual Upper Reservoir bathymetry survey were compared
against the previous year6s bathymetry survey to
Reservoir as well as the intake channel. TINs demongjrdtenchange in sediment volume (i.e. areas of
deposition and erosion) from year to year were developed based on the results of the bathymetry analysis.
Figures depicting the annual changesoss the entire Upper Reservior the period 2012013 are

included inAppendixA.r” When reviewing the figures in the Appendix, it is important to note that these
figures contain comparisons of single beam vs. Andim echosounder surveys. While it is possible to
conduct such a comparisosing GIS or CAD software, it is not appropriate to do so as the accuracy of
such a comparison is unknown and could vary greatly in some areas. Sjrtilariyot appropriate to
compare a single beam vs. single beam period (2011 and 2013) with -beanttivs. multbeam period

(2012 and 2014) as the mdittam ehosounders collect data at a higher resolutiGhanges in sediment
volume between 2011 and 201@epicted in e figuresfound in Appendix A which arebased on
comparson of single and mulbeam echosoundeshould be considered approximatebest

In order tdbetterunderstanthe changes isediment volumef the Upper Reservoir intake chanhetween
surveysin-depth data analysis focused on the results of th2 80rvey as compared with the 2014 survey
The results of these bathymetry surveys were selected for compghisonthat eaclsurveyutilized a
multi-beam echosoundewere conducted by the same compamaynd followedthe same methodology.
Furthermorethe results of the 2012 to 2014 comparison vebecked againgravity core data collected
in the intake channéh 2014and vibracore data collected in 2015

When comparing the results of the 2Giiii 2014 bathymetrysurveys it was observed that a neital of
16,077 cubic yards of sediment accumulated in the Upper Reservoir intake cvantieé two year period
between surveysr an average 0f8,000cubicyards/year As a means of comparison, the net change in
sediment volume at the intake channelsvalso calculated based on the sediment depth observed at each
gravity core location.Giventhat the overall area of the intake channel is approximately 2102 2fdt

the average depth of sediment accumulatias found to bepproximately 2 ft. (ashserved at the six
gravity core locations), then the total volume of sediment at the bottom of the intake channel is
approximately 15,566 cubic yardBue to the fact that the Upper Reservoir was dewatar2@l0andsilt

was mechanically removed frotine intake channel, the calculateet change 015,566 cubic yardsased

on gravity core dateepresents the net depositiower thefour year period November 2010 to October
2014 or an average 0f4,000 cubic yards/year. Based on these twealculationmethods the annual

17 Analysis of the 2014 bathymetry survey data only compared changes in sediment volume at the intake channel and
not the entire Upper Reservoir. The 2015 survey was conducted after the completion of the pilot dredge program and
as such is not directigomparable to the 2012014 results.
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sediment deposition rate in the Upper Reservoir intake chavamlobserved toange from 4,000 to
~8,000 cubic yards/year.

The difference between tiathymetry and gravity commparisongould be due to a number of reasons
including,but not limited to) accuracy limitations of the echosounder during each bathymetry survey, 2)
echosounder interferencaused by thgeometry of the intake channg),an underestimation of the amount

of sediment found in the intake channel by the ilyaores4) varying flow, SSC, or operational conditions

from year to year, db) a combination of alfour. Because it is not possible definitively determinehe

reason forthe difference in the sediment deposition rate between the two calculatibiods for the

purposes of this report, the annual deposition rate is reported as a range between the two calculation methods.

Figure 4.11 depicts the change in sediment volume of the Upper Reservoir intake channel from 2012 to
2014. Figure 4.12 shows the results of the 2014 survey as well as the locations where gravity cores were
collected in the intake channel. Results of the 2014 Upper Reservoir bathymetry survey for the entire
reservoir are depietl inFigure4.1-3, 4.1-4, and4.1-5.

During the 2015 bathymetry survey vibracores were collected at six locations as a spot check against the
bathymetry data collected and aseans of comparison to tigeavity coredata collected in 2014Based

on observations mada the fieldduring the 2014 survey the decision was made to switch from gravity
cores to vibracores in order to achieve better penetration and recovery. Compétis® gravity core
information collected in 2014 with the vibracore information collected in 2015 found that the sediment
thickness at the gravity core locations ranged from 2.0 to 2.5 ft. while the vibracores ranged from 0.3 to 5
ft.28 The low end oflie rangebserved in 201Bepresents areas where the pilot dredge occurred between
surveys while the high end of the rangeserved in 201%epresents areas that were not dredged. The
difference in the high end of the range from 2014 to 2015 may be dijedifferences in core collection
methodology (i.e. the vibracores were able to achieve better penetration and recovery than the gravity cores),
2) cores were collected atightly different locationsn 2014 and 2015, 3) sedimetposition since the

2014 survey, or 4) some combination of @dtee Based on the analysis conducted, it appears that the
vibracore data collected in 2015 generally correlates with the results of the bathymetry survey comparisons
made from 2012 to 2014 and the finding that #nnual deposition rate in the Upper Reservoir intake
channel ranges from ~4,000 to ~8,000 cubic yards/year.

The results of the 2014 and 2015 bathymetry surveyre also compared to determine changes in the
amount of sediment present in the intake chianfe previously stated, the pilot dredge occurred between
surveys thus making it impossible to determine an annual deposition rate. While it was not possible to
determine an annual deposition rate, calculations of the amount of sediment presenttak¢hehiannel

were still possible. As stated $ection 2.4in 2015 ~46,000 CY of sediment was dredged from within and
immediately upstream of the intake channel. While the majority of the dredging activityresccu
immediately upstream of the intake channel, comparison of the 2014 to the 20#5aandtsurveys found

that approximately 13,500 CY of sediment was removed from the intake channel between surveys as a
result of the dredging activitid8. Figure 4.16 shows the change in bed elevation at the Upper Reservoir
intake channel from 2014 to 2015. The areas of net sediment loss observed in the figure are indicative of
the pilot dredge.

Figure 4.17 shows he results of the 2015 survey as well as the locations where the vibracores were
collected in the intake channel. Note that the core locationsyalee same general vicinity dsose

8 The 2015 cores were not collected at the same exact locations as the 2014 cores; however, they were in the same
general vicinity which allowed for indirect comparisons of sediment thickness between years.

19 This finding was checked against observations made during the dredging operation which found that approximately
15,000 CY of sediment had been removed from the intake channel.
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collected in 2014. Results of the Upper Reservoir bathymetry sunvelye entire reservoir are depicted
in Figure 4.18, 4.1-9, and4.1-10.
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Figure 4.1-1 Upper Reservoir Intake Channel Bathymetric Surveyi 2012 to 2014 Change
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Figure 4.1-6 Upper Reservoir Intake Channel Bathymetric Surveyi 2014 to 2015 Change
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4.2 Suspended Sediment Monitoring

Following successful QA and post processing of the suspended sediment monitoringpatitaiqus

LISST data and grab samples) timeseries plots were developed comparing flow, Project s{§fextiam

and Northfield Mountain), and SSC frofd13-2015. The timeseries plots were reviewed to identify annual,
seasonal, and Project operations related patterns in SSC when compared against flow (naturally occurring),
Vernon Project operations, and Midield Mountain Project operations. From this initial review, several

time periods of interest were then identified for further analyses on a finer S=déon4.2.1discusss

the results of these analyses.

In addition to the timeseries plots mentioned above, various plots and graphs depicting thectiasal
data collected at the Rt. 10 Bridge (LIS$T0X and grab samples) and the Northfield Mountain tailrace
(LISST-100X) were developed to examine variagan SSC across the cresactior{s) and throughout the
water columrover a range of flow and operating conditioResults of these analyses are foun8étion
4.2.2

4.2.1 Comparison of Point and ContinuolMteasurements to Flow and Operations
This section presents the results of a number of analyses including:

9 Seasonal SSC patterns and trends obsdrnveslationto flow;
9 SSC patterns and trends obserivecklationto flow and Projecbperating conditionat Vernonand

9 SSC patterns and trends obseriredelationto flow and Project operating conditions at Northfield
Mountain

Timeseries plots for 2013, 2014, and 2015 are presentsgpiendixC andD. Additional plots depicting
periods of interest are presented throughout this section of the réfistispended sediment monitoring
data collected from 2013015 are included iAppendixF.

Seasonal SSC patterns and trends obsearveslationto flowi Connecticut River

Suspended sedimenteasurementsollectedby the StreamSide and from grab samples collected in the
vicinity of the StreamSidpumpdemonstrate strong correlations between flow and SSC. Over the course
of the study it vas observed that &onnecticut Riveflows increase so too did SSC. That is, the highest
SSC values were observed during the highest periods of flow while the lowest SSC values were observed
during the lowest period of flowsThis was a consistent obsation for each year data were collected.
Figure 4.2.31 demonstrates this relationship.

As shown irFigure 4.2.11, SSC values were relatively low and without an apparent trend when flows from
VernonDam were below 2,000 cfs.95% of SSC measurements observed when flows were b&®00a

cfs were belowi4.5mg/L with a median o2.9mg/L. From 12,000 to 35,000 cfs, SSC values exhibited
an increasing trendith a median of 12.45 mg/LFinally, SSC vlmes associated with flows greater than
35,000 cfs increased more quickly with flow and were significantly higfitara median of 144.61 mg/L
Theresults of this analysidemonstrate that three flow thresholds generally exist itntbeundmenin

regad to SSC valuess12,000 cfs, 2,000-35,000 cfs, and35,000 cfs

Figure 4.2.312 depicts the flow duration curve for Vernon discharge from April through Novefab#re
years20132015. As shown on the flow duration curve, foof 12,000 cfsor less wee equaled or
exceede®d3% of the time, flows betweer2D00-35,000 cfswere equaled or exceed@@% of the time
while flows greater than 35,000 af®ere equaled or exceeds&¥ of the time during the course of the study.

Furthernore, the hydrology of th€onnecticut River in the study arisavery much driven by the season.
The seasonal hydrology pattern observed in the study area is defined by: 1) a spring freshet typically
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occurring in late March and into May when the highestual flows are typically observed (barring a
significant basin wide rain event or Hurricane in the summer or fall); 2) moderate flows throughout the

early summer as the spring freshet subsides; 3) low flows throughout the summer and early fall; and 4) low

to moderate flows during the fall. Significant basin wide or local rain events occasionally cause spikes in

flow and SSC during the summer and fadifore conditionseturn to a lower, more steady stafEable

4.2.12-1 denotedhe range of flows observed during the course of the study broken out by sEapoes
42.13714215depict SSC and flow values f or whikEguespri ng f
4.2.1-6 and4.2.17 depict a typical summer and fall period, respectively.

SSC patterns and trends obseryedelationto VernonProject operating conditionis Connecticut River

The Vernon Project is a peag hydroelectric power plant located at the northern extent of the Turners
Falls Impoundment approximatey miles upstream of the StreamSide/Rt. 10 Bridge. The hydraulic
capacity of Vernon is 17,130 cfs. That is, Connecticut River discharge at wr b&lb30 is regulated by
Vernon while flows greater than 17,130 efsill through the Vernon Dam tainter gateSigure 4.2.18
depictsSSC values as related aotypical Vernon peaking sequence when flows are below 17,130 cfs.
Further observations of Vernon peaking operations in relatidbotmecticut RivelSSC values can be
found in the timeseries plots containeddimpendixC.

As discussed in the previous section, flows bel@®Qa0 cfs typically corrgponatdto low SSC levels

without anincreasingrend. Apparent increases in SSC weypically notobserved during peaking events.
Theincreasing pattern #SCbetweenl2,000and 17,13&fs may have beetheresultof increasedlow

upstream of Vernothat was nearingre x ceedi ng Vernonds hydraulic capa

SSC patterns and trends obseriredelationto Northfield MountainProject operating conditions
Northfield MountainTailrace

The StreamSide, HYDROSs, and grab sample datee analyzed in relatioto flow and Northfield
Mountain operating conditions (pumping and generating) to examine the following:

1 If an increase in SSC values were observed during pumping or generating cycles (or both) and if the
number of units onlinead an effect

1 How varying kvels of SSC in the mainstem could impact the Project during pumping and generating
cycles

9 If differences existed between the SSC values recorded at theandigbuth bang of the tailrace
over a range of flow and operating conditions

Threerepresentatie time periods were examined in detail, during which a range of flows and operational
conditions were observedrhesdime periodsncluded

1 A spring freshetvhen flowsincreased to a levereater than 35,000 cfpril 7-21, 2014)
1 A moderate flow peod when flows were betweer?,0001 35,000 cfqApril 21-28, 2014) and

1 A low flow period when flows were less tha8,000cfs (August 2014)

During thespring freshetime period(Figures 4.2.2 and4.2.2:10) mainstem SSC valuéas measured at
the StreamSidecreasd rapidlywith flow, were generally higfand folloneda pattern similar téheriver
flow. During the same spring freshet time periS&Cmeasurementas recorded at the HYDROs were
comparable to those measured in the maing¢theStreamSidewhenthe Projectvaspumping meaning
that pumping had no discernable impactnoainstemSSC levels Alternatively,SSC valuesower than
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those observed in the mainstevare observed whermé Projectwasgenerating. This suggests thiae
Projectwas pumping moreuspendedediment into th&JpperReservoir tharit wastransportingoackto

the river, which is consistent with the bathymetry results discusse&ettion 4.1indicating the
accumulation of sediment in the Upper Reservoir over.tilifgere was no clear pattern in relation to the
number of units operatingVhen the Projectvasidle, or occasionally when only generating one unit,
variability in the SSC levels in the tailrace can be obsemeslis more likelydue to changing currents in
the vicinity of the tailrac¢han effects associated with tReject During high flow periods, correlatisn
between Project operations andreagd mainstem SSC levels wenet observed.

Review of the moderate flow scenario pleigure 4.2.110) demonstratea similar pattern as was observed

when reviewing the high flow scenarithoughat lower SSC levels. SSC dateasured at the HYDROs
tendedto be lower than mainstem SSC data measured at the StreamSide when thenasifiet or
generating. During pumping operatioisgher SSC valuesnore comparable tmainstem SSC values

were observedThe relatively lowemeasurements during generatcambined with measurements similar

to those observed in the mainstem during pumpirggests thatuspendededimentvas accumulating in

the Upper Reservoir althoughin lower quantities than observed during the high flonnade. During

moderate flow periods, correlations between Project operations and increased mainstem SSC levels were
not observed.

During thelow flow period(Figures 4.2.4127 4.2.2-14), SSC valus observedh the river were also very

low, and differences in SSC between generation and pumping cycles were negligiilolee exception of

a midsummer rain event that occurred on AugustLl®42014 Eigure 4.2.113). Theeffects of this rain

event resulted isuspended sediment accumulatiothe UpperReservoir The effects of this rain event
lasted for approximately four days until SSGhat Projecsettled back into a more steady, low flow pattern.
Similar to the mderate and high flow periods, correlations between Project operations and increased
mainstem SSC levels were not observed.

SSC patterns observed across the Northfield Mountain Tailrace

Data collected at the Northfield Mountain tailrace were also comparéetermine if SSC levetiiffered
between locations (north vs. south bank) over a range of flow and operating condiuoing) 2015, grab
samples were taken from edgkwater locations that corresponded to the LISST instrument locations. The
paired gab samples from the north and south banks of the Northfield Mountain tailrace were then analyzed
for differences in suspended sediment concentrations between both{lanks 4.2.115). For all paired
samples, no significamtifference was found in suspended sediment concentrations between the north and
south banks (KS test p = 0.9592). Farairedsamples that were takelringthe pumping andyenerating

cycle, nodifferences in suspended sediment concentratiogitherbark were found (KS test p = 0.6208

and 0.9971 respectivelyf Similar to crosssectional results from the LISSIDOX sampling, no
differences were found from bank to bank. Based on the results of this comparison it was determined that
differences betweemeé two banks were negligible.

This differsfrom what was observed from the two HYDRO instruments, which were of the same. design
HYDRO measurements provided were often different given thatieattumenthad unique lenses and the
technical difficulties ecountered were instrumespecific. Therefore, differences between measurements
of the instruments were deemed to be due to instrumental or sampling.errimdirect laser scattering
measurementsjather than actual differencessuspended sadentconcentration.

20The pvalue represents the probability that the two groups of samples were colleatettidreame water over the
course of sampling. Further discussion regarding this test can be foBadtion 3.2.3
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Table 4.2.11 Seasonal Range of Flowand SSC(20132015)

Season Months Flow Range Median Flow SSC Range Median SSC
(cfs) (cfs) (mg/L) (mg/L)
Spring 2013 April - June | 2,25155,570 14,751 0.17-163.46 5.28
Summer 2013 | July & August | 1,31861,733 8,750 0.29149.62 5.20
Fall 2013 September 1,42318,769 5,931 0.37:4.40 2.12
November
Spring 2014 |  April -June | 1,73168,338 20,080 0.05449.76 11.47
Summer 2014 | July& August | 1,53526,481 6,762 0.4986.51 3.67
Fall 2014 September 1,36025,450 5,160 0.14157.3979 6.36
November
Spring 2015 April - June 1,66866,725 15,340 2.0043.02 10.68
Summer 2015 July -August 1,34627,042 4,718 <0.542.7 1.5
Fall 2015 September 1,521:32,910 1,949 <0.561.2 1.6
October
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Figure 4.2.21 Turners Falls Impoundment SSC vs. Vernon Discharge (2033015)
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Figure 4.2.%12 Flow Duration Curve for the Turners Falls Impoundment

Vernon-Discharge Duration Curve-
April 1-November 30, 2013-2014 and April 1-October 15, 2015
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Figure 4.2.1:3 2013 Spring Freshet SSC vs. Flow (StreamSide)
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Figure 4.2.%:4 2014 Spring Freshet SSC vs. Flow (StreamSide)

@® StreamSide LISST  =====Vernon Flow
@
®
..
® o
i ®
e
[ ]
® ® &

. e of
\‘ s ®

&% R ’0 ® t

, ° 4 ) d

) ¥ ‘f ® -
- @® ’ i ‘“
(] ‘ @ [
o .g ¢ ¥
@
® e
o/ : 1
4/6/2014 4/11/2014 4/16/2014 4/21/2014
Date

80000

- 70000

60000

50000

40000

- 30000

- 20000

10000

Baigg

4/26/2014

- 10
5/1/2014

Flow (cfs}

4-21



Northfield Mountain Pumped Storage Project (No. 2485) and Turners Falls Hydroelectric Project (No. 1889)
NORTHFIELD MOUNTAIN PUMPED STORAGE PROJET SEDIMENT MANAGEMENT PLAN

Figure 4.2.15 2015 Spring Freshet SSC vs. Flow (StreamSide)
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Figure 4.2.16 Typical Summer Periodi SSC vs. Flow (StreamSide)
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Figure 4.2.17 Typical Fall Periodi SSC vs. Flow (StreamSide)
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Figure 4.2.18 Impoundment SSC Values as Related to a Pical Vernon Peaking Sequence
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Figure 4.2.19 Northfield Mountain Tailrace High Flow Scenario (April 7-14, 2014)
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Figure 4.2.210 Northfield Mountain Tailrace High Flow Scenario (April 14-21, 2014)
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Figure 4.2.2:11 Northfield Mountain Tailrace Mod erate Flow Scenario (April 2128, 2014)
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Figure 4.2.212 Northfield Mountain Tailrace Low Flow Scenario (August 111, 2014)
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Figure 4.2.2:13 Northfield Mountain Tailrace Low Flow Scenario (August 1121, 2014)
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Figure 4.2.1:14 Northfield Mountain T ailrace Low Flow Scenario (August 2131, 2014)
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Figure 4.2.1£15 Paired Northfield Mountain Tailrace Grab Samples
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4.2.2 Comparison of Crossectional Data Rt. 10 Bridge and Northfield Mountain tailrace

In 2013, crossectional data were collected at fRe 10 Bridge and Northfield Mountain tailrace boat
barrier buoy line over a range of flow and operating conditions via a L188X. In 2015, supplemental
crosssectional grab sample data were collected at the Rt. 10 Bridge via a Kemmerer. Datahliéiaet
2013 and 2015 followed the EWI method. The purpose of the-sea$®n data was to develop a better
understanding of SSC dynamics across a eseston and with depth and to determine if the StreamSide
and HYDRO pump locations were represemtabf crosssection conditions. This section presents the
results of the crossection data collection efforts.

Rt. 10 BridgeCrosssection

LISST-100X data were collected across the Rt. 10 Bridge on eight separate occasions in 2013 over a range
of flows (Table 4.2.21). The LISST100X datawere used to identify patterns in the variation of SSC
across the crossection and with depth. Reviewthis dataset found that changes in SSC across the river
and with depth were onlghservediuring thehighestflow eventmeasured (Vernon dischargé 332 on

April 18, 2013). SSC values were highest on the left bank and near the fetiane 4.2.21), though the

range of measurements collected was only/l. It was determined that the StreamSide pump was
positionedn a location representative of the cregstionand that adjustments to the StmeSide data were

not necessaryAppendixE contains various plots developed from #4.3 LISST100X data.

Supplemental crossection grab sample data were collected in 2015 on four separate occasions during the
spring freshetTable 4.2.22). Figure 4.2.22 depicts the hydrograpihdm this event as well as when grab
samples were collecte@rab sampling eventourred during the rising limb, on either side of the peak,
and across the falling limbGrab samples were also collected from the atfgeater in the vicinity of the
StreanSide pump at the completion of the cresstion data collection to allow for direct comparison.

The resultgrom the 2015crosssectiongrab samplegenerally confirmed the findings of the LIS30D0X
data collection effort in 2013. SSC variation acrtss crosssection and with depth wamot evidentor
was negligible during moderate flav(Figure 4.2.26). During higher flow, areas near the left bank
exhibited slightly higher SSC values than the right bank, and SSC wasslidtetty higher with depth,
particularly near the left bar{figure 4.2.23t104.2.25). It should be noted that the cressctional surveys
typically took approximatelthreehours to complete, whiatould also account for some of the variability
This may beparticularlytrue ofthe April 14" and 17" sampling events, during which flow incredsaver
the course of sampling.

Samplescollected from the edgef-water in the vicinity of the StreamSiderpp weretypically near or

within the range of measurements from the csessgion. During the April Msampling even{Figure

4.2.23), the sample collected near the StreamSide (on the right bank) was comparable to the higher
measurements observed from the cisedtion near the left bankut considerably higher than much of the
remainder of the transedhis could be due to sample timing, given that flamsl possibly SS@vere
increasing during this sampling event and thepa was collectedear the StreamSide after the cross
sectional samples were collected. During the Aprit 8ampling even{Figure 4.2.25), SSC from the
sample collected near the StreamSide was higher than expected babedcorsssectional samples,
though it was comparable to some of the higher measurements observed durisgatiosal sampling.

The reason for this is unclear and could not be resolved in the absence of duplicate measurements, though
potential explan&ns include sample timing, sample method, location, or laboratory sample issues.
Samples collected near the StreamSide during the remaining two sampling events on"Aqmill 28’

(Figures 4.2.24 and4.2.26) were comparable to the samples collected from the-sexgion.
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Northfield Mountain Tailrace&Crosssection

LISST-100X data were collected on five occasions over a range of operating conditions across the
Northfield Mountain tailrace boatalrier buoy line in 2018Table 4.2.23). Sediment concentratiomd

not change consideraklby stationor with depth with measurementgarying nomore than 0.5 to 1.0 pl/L

for the duration of the surveyGiven these findigs, it is likely that the pumps for the LISST HYDRO
instruments are representative of the cssdion, and that a single instrument would suffice during the
low river flow and SSC AppendixE contains various plots developed fréme 2013 LISSTL00X data.

As previously reported, grab samples collected fnear the surface atch bank did not differ from bank

to bank under a range of flows and openadi conditions, though it should be noted that tailrace sampling
during higherriver flowsat different depthdid not occur FirstLight had proposed collecting supplemental
grab sample data 2015at the Northfield Mountain tailrace cressction during a moderate to high flow
event(20,00030,000 cfs) While these flow conditiosidid occur during thiéeld seasonsample collection

did not occur due to safety concerns.

4-34



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

NORTHFIELD MOUNTAIN PUMPED STORAGE PROJET SEDIMENT MANAGEMENT PLAN

Table 4.2.21 Summary of LISST-100X Data Collected at the Rt. 10 Bridge (2013)

Date 5ﬁ2£;%e Max SSC Min SSC Median SSC

i (W) (W) (W)

4118/D13 33,483 38.94 33.53 34.83
4/26/2013 15980 10.54 10.26 10.42
5/2/2013 10,707 2.71 254 258
5/10/2013 10,070 411 3.73 3.97
10/3/2013 3,363 3.31 3.18 3.28
10/11/2013 5,450 5.40 4.92 5.02
10/16/2013 4,490 2.65 233 2.45
10/24/2013 4,278 3.94 3.73 3.84

Table 4.22-2 Summary of R.. 10 Bridge Cross Section Grab Sample@015)

Date _ Vernon Max SSC Min SSC Median SSC | StreamSideSSC
Discharge (cfs) (mg/L) (mg/L) (mg/L) (mg/L)
4/14/2015 50,536- 59,700 159 78.7 108 152
4/17/2015 47,970- 52,591 106 80.3 89.3 82.1
4/20/2015 41,282- 42,172 89.5 30.4 41.8 69.7
4/28/2015 19,112- 20,437 13.5 6.1 11.5 12.5

Table 4.2.23 Summary of LISST-100X Data Collected at the Northfield MountainTailrace (2013)

Naturally : .
Date Scenario Routed Flow hiferd S5 Ml S5 Lzl S50
() (HiL) (ML)
(cfs)
10/10/2013 Idle 6,782 4.42 3.18 4.17
10/15/2013 1-Unit Gen 4,171 2.14 2.08 2.07
10/23/2013 2-Units Gen 4,640 2.90 2.28 2.62
10/26/2013 3-Units Gen 4,955 3.10 2.63 2.77
10/26/2013 2-Units Pump 4,955 3.10 2.25 2.45
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Figure 4.2.22 Turners Falls Impoundment Hydrograph - Rt. 10 Bridge Grab Sample Data Collection
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Figure 4.2.23 Rt. 10 Bridge Crosssection Grab Sample DataApril 14, 2015
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Figure 4.22-4 Rt. 10 Bridge Crosssection Grab Sample DataApril 17, 2015%*
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21 Bottom samples were not collected during this sampling event. The sounding weight used for samplingéteche: from the Kemmerer at Station 0+550.
Without the sounding weight, the Kemmerer could not reach the bottom due to the flow conditions; as such, bottom sainmébeaallected.
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Figure 4.2.25 Rt. 10 Bridge Crosssection Grab Sample DataApril 20, 2015)
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Figure 4.2.26 Rt. 10 Bridge Crosssection Grab Sample DataApril 28, 2015)
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MANUFACTURER CERTIFI CATION
LETTER



2015 Correspondenc&ummary

Author Distributed To Date Description
FirstLight FERC February 24, 2014 Pilot Dredge Filing
Review and Comments on Northfield Mounte
USEPA FirstLight March 9, 2015 | Pumped Storage Project Sediment Managen
Plan2014 Summary of Annual Monitoring
FirstLight USEPA March 31, 2015 FirstLight Response to EPA Comments on 2
Summary of Annual Monitoring
Northfield Mountain Pumped Storage Proje
FirstLight FERC, USEPA, June 24, 2015 | Sediment Management Pl8ugpended Sedimen
MADEP o ;
Monitoring Equipment Status Update
FirstLight FEECA’D%‘T’DEPA’ September 14, | Status update and available results report filed
Stakeholders 2015 the 2015 Updated Study Report
FirstLight hosted Day 2 of th Updated Study
N/A N/A Septze(;rll%er 30, Report meeting at which time the report filed
September 14, 2015 was presented to Stakehol
oo FERC, USEPA, 4 Annual summary of monitoring report (i.e. updat
FirstLight MADEP December 1, 2013 September 14, 2015 report)




APPENDIX C - CONTINUOUS SSC,
FLOW, AND PROJECT OPERATIONS
TIMESERIES PLOTS i MG/L (2013-2015¥%*

22\When reviewing the plots contained in this Appendix it is irtguat to note that: 1) the-gxis may vary from plot
to plot, and 2) gaps observed in the LISST data represent periods of time when the instruments were offline due to
equipment malfunctions or data that was removed from the final dataset during the QrAK@€s.



APPENDIX Di GRAB SAMPLE SSC,
FLOW, AND PROJECT OPERATIONS
TIMESERIES PLO TS MG/L (2015)



APPENDIX E i LISST-100X ROUTE 10

BRIDGE & NORTHFIELD MOUNTAIN

TAILRACE CROSS-SECTION PLOTS
(2013)



APPENDIX F1 SUSPENDED SEDIMENT
MONIT ORING DATA (2013-2015)



CD AVAILABLE UPON REQUEST

DATA POSTED TORELICENSING WEBSITEAT THE TIME OF FILING



