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PREFACE

On October 14, 2016, FirstLight Hydro Generating Company (FirstLight) filed the final report (Volumes
I-1IT) for Study No. 3.1.2 Northfield Mountain / Turners Falls Operations Impacts on Existing Erosion and
Potential Bank Instability (Study No. 3.1.2) with the Federal Energy Regulatory Commission (FERC,
Commission). On December 15, 2016, various stakeholders filed comments on the report, which FirstLight
responded to on January 17, 2017. As noted in FirstLight’s responsiveness summary, and in response to
comments received, FirstLight agreed to re-issue the final report for Study No. 3.1.2 by April 3, 2017.

The contents of this volume remain largely unchanged from the version filed in October 2016, with the
following exception:

e Sites BC1-R and 2L: As a result of comments received from the stakeholders, FirstLight re-
examined all BSTEM input data to ensure that the correct bank geometry was used for each detailed
study site. During this review it was discovered that two sites (2L and BC1-R) used the incorrect
bank geometry for both the Baseline and S1 (Northfield Mountain idle) scenarios; all other sites
used the correct input data and were modeled correctly. In early 2017, BSTEM was re-run at both
sites for both scenarios (Baseline and S1) using the correct riverbank geometry. The results of the
corrected runs resulted in changes in the amount of erosion at each site, but not the cause(s) of
erosion. As such, the findings of the study have not changed from the October 2016 report. Any
discussion pertaining to sites BC1-R or 2L (including tables and figures) has been updated to reflect
the findings of the corrected runs.

It should also be noted that the quality of images used in a number of sections was improved in response to
stakeholder comments received. In the event that this occurred, the content of that section did not change,
just the quality of the image.
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Figure 5.4.3.4-2: Simulated, future unit-erosion for the Baseline Condition (with boat waves on
and off) and Scenarios 1 at site 303BL for the period 2000-2014
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Figure 5.4.3.6-2: Simulated, future unit-erosion for the Baseline Condition (with boat waves on
and off) and Scenario 1 at site 3L for the period 2000-2014

Figure 5.4.3.6-3: Simulated, percent contribution of total erosion by discharge for the Baseline
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Figure 5.4.3.9-2: Simulated, future unit-erosion for the Baseline Condition (with boat waves on
and off) and Scenario 1 at site 21R for the period 2000-2014

Figure 5.4.3.9-3: Simulated, future erosion for the Baseline Condition (with boat waves on and
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Figure 5.4.3.9-4: Simulated, percent contribution of total erosion by discharge for the Baseline
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Figure 5.4.3.10-3: Simulated, percent contribution of total erosion by discharge for the Baseline
Condition and Scenario 1 at site 4L for the period 2000-2014

Figure 5.4.3.11-1: Photos of Site 29R

Figure 5.4.3.11-2: Simulated, future unit-erosion for the Baseline Condition (with boat waves on
and off) and Scenario 1 at site 29R for the period 2000-2014

Figure 5.4.3.11-3: Simulated, percent contribution of total erosion by discharge for the Baseline
Condition and Scenario 1 at site 29R for the period 2000-2014

Figure 5.4.3.12-1: Photos of Site SCR

Figure 5.4.3.12-2: Simulated, future unit-erosion for the Baseline Condition (with boat waves on
and off) and Scenario 1 at site SCR for the period 2002-2014

Figure 5.4.3.12-3: Simulated, future erosion for the Baseline Condition (with boat waves on and
off) and Scenario 1 at site SCR for the period 2002-2014. Zoomed in at area of
erosion for illustrative purposes

Figure 5.4.3.12-4: Simulated, percent contribution of total erosion by discharge for the Baseline
Condition and Scenario 1 at site SCR for the period 2002-2014
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Figure 5.4.3.13-2: Simulated, future unit-erosion for the Baseline Condition (with boat waves on
and off) and Scenario 1 at site 26R for the period 2000-2014

Figure 5.4.3. 13-3: Simulated, future erosion for the Baseline Condition (with boat waves on and
off) and Scenario 1 at site 26Rfor the period 2000-2014. Zoomed in at area of
erosion for illustrative purposes.

Figure 5.4.3.13-4: Simulated, percent contribution of total erosion by discharge for the Baseline
Condition and Scenario 1 at site 26R for the period 2000-2014

Figure 5.4.3.14-1: Photos of Site 10L

Figure 5.4.3.14-2: Simulated, future unit-erosion for the Baseline Condition (with boat waves on
and off) and Scenario 1 at site 10L for the period 2000-2014

Figure 5.4.3.14-3: Simulated, future erosion for the Baseline Condition (with boat waves on and
off) and Scenario 1 at site 10Lfor the period 2000-2014. Zoomed in at area of
erosion for illustrative purposes.

Figure 5.6.2.14-4: Calculated Erosion above Depositional Layer

Figure 5.3.3.14-5: Simulated, percent contribution of total erosion by discharge for the Baseline
Condition and Scenario 1 at site 10L for the period 2000-2014

Figure 5.4.3.15-1: Photos of Site 10R Post Restoration

Figure 5.4.3.15-2: Simulated, future unit-erosion for the Baseline Condition (with boat waves on
and off) and Scenario 1 at site 6AR for the period 2001-2014

Figure 5.4.3.15-3: Simulated, percent contribution of total erosion by discharge for the Baseline
Condition and Scenario 1 at site 10R for the period 2001-2004

Figure 5.4.3.16-1: Photos of Site 6AL Pre-Restoration (1998 FRR/ECP-Site 6)

Figure 5.4.3.16-2: Simulated, future unit-erosion for the Baseline Condition (with boat waves on
and off) and Scenario 1 at site 6AL for the period 2000-2004

Figure 5.4.3.16-3: Simulated, future erosion for the Baseline Condition (with boat waves on and
off) and Scenario 1 at site 6AL for the period 2000-2004. Zoomed in at area of
erosion for illustrative purposes.

Figure 5.4.3.16-4: Simulated, percent contribution of total erosion by discharge for the Baseline
Condition and Scenario 1 at site 6AL for the period 2000-2004
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and off) and Scenario 1 at site 6AL for the period 2004-2014

Figure 5.4.3.17-3: Simulated, percent contribution of total erosion by discharge for the Baseline
Condition and Scenario 1 at site 6AL for the period 2004-2014

5-125
5-128

5-128

5-129
5-132

5-132

5-133

5-133
5-135

5-135

5-136

5-136
5-139

5-139

5-140

5-140

5-141
5-143

5-143

5-144
5-146

5-146

5-147

5-147
5-149

5-149

5-150

Xiv



Northfield Mountain Pumped Storage Project (No. 2485) and Turners Falls Hydroelectric Project (No. 1889)
STUDY 3.1.2 NORTHFIELD MOUNTAIN / TURNERS FALLS OPERATIONS IMPACTS ON EXISTING

EROSION AND POTENTIAL BANK INSTABILITY

Figure 5.4.3.18-1: Photos of Site 6AR Post Restoration

Figure 5.4.3.18-2: Simulated, future unit-erosion for the Baseline Condition (with boat waves on
and off) and Scenario 1 at site 6AR for the period 2000-2014

Figure 5.4.3.18-3: Simulated, percent contribution of total erosion by discharge for the Baseline
Condition and Scenario 1 at site 6AR for the period 2000-2014

Figure 5.4.3.19-1: Photos of Site 119BL

Figure 5.4.3.19-2: Simulated, future unit-erosion The Baseline Condition and Scenario 1 (both
with boat waves on and boat waves off) at site 119BL for the period 2000-2014

Figure 5.4.3.19-3: Simulated, future unit-erosion The Baseline Condition and Scenario 1 (both
with boat waves on and boat waves off) at site 119BL for the period 2000-2014.
Zoomed in at area of erosion for illustrative purposes

Figure 5.4.3.19-4: Simulated, future percent contribution of total erosion by discharge for Baseline

Condition and Scenario 1 at site 119BL for the period 2000-2014

Figure 5.4.3.20-1: Photos of Site 7L

Figure 5.4.3.20-2: Simulated, future unit-erosion for the Baseline Condition (with boat waves on
and off) and Scenario 1 at site 7L for the period 2000-2014

Figure 5.4.3.20-3: Simulated, future erosion for the Baseline Condition (with boat waves on and
off) and Scenario 1 at site 7L for the period 2000-2014. Zoomed in at area of
erosion for illustrative purposes

Figure 5.4.3.20-4: Simulated, percent contribution of total erosion by discharge for the Baseline
Condition and Scenario 1 at site 7L for the period 2000-2014

Figure 5.4.3.21-1: Photos of Site 7R

Figure 5.4.3.21-2: Simulated, future unit-erosion for the Baseline Condition (with boat waves on
and off) and Scenario 1 at site 7R for the period 2000-2014

Figure 5.4.3.21-3: Simulated, future erosion for the Baseline Condition (with boat waves on and
off) and Scenario 1 at site 7R for the period 2000-2014. Zoomed in at area of
erosion for illustrative purposes

Figure 5.4.3.21-4: Simulated, percent contribution of total erosion by discharge for the Baseline
Condition and Scenario 1 at site 7R for the period 2000-2014

Figure 5.4.3.22-1: Photos of Site 8BL

Figure 5.4.3.22-2: Simulated, future unit-erosion for the Baseline Condition (with boat waves on
and off) and Scenario 1 at site 8BL for the period 2000-2014

Figure 5.4.3.22-3: Simulated, future erosion for the Baseline Condition (with boat waves on and
off) and Scenario 1 at site 8BL for the period 2000-2014. Zoomed in at area of
erosion for illustrative purposes

Figure 5.4.3.22-4: Simulated, percent contribution of total erosion by discharge for the Baseline
Condition and Scenario 1 at site 8BL for the period 2000-2014

Figure 5.4.3.23-1: Photos at Site 8BR Pre-Restoration (1998 FRR, ECP-Site 16)

Figure 5.4.3.23-2: Simulated, future unit-erosion for the Baseline Condition (with boat waves on
and off) and Scenario 1 at site 8BR for the period 2000-2012

Figure 5.4.3.23-3: Simulated, future erosion for the Baseline Condition (with boat waves on and
off) and Scenario 1 at site 8BR for the period 2000-2012. Zoomed in at area of
erosion for illustrative purposes

Figure 5.4.3.23-4: Timing of large, geotechnical failure during Hurricane Irene for the Baseline
Condition but not during Scenario 1 when NFM is idle

Figure 5.4.3.23-5: Simulated, percent contribution of total erosion by discharge for the Baseline
Condition and Scenario 1 at site 8BR for the period 2000-2012

Figure 5.4.3.24-1: Photos of Site 8BR Post Restoration

Figure 5.4.3.24-2: Simulated, future unit-erosion for the Baseline Condition (with boat waves on
and off) and Scenario 1 at site 8BR Post Restoration for the period 2012-2014
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Figure 5.4.3.24-3: Simulated, future erosion for the Baseline Condition (with boat waves on and
off) and Scenario 1 at site 8BR Post Restoration for the period 2012-2014. Zoomed
in at area of erosion for illustrative purposes

Figure 5.4.3.24-4: Simulated, percent contribution of total erosion by discharge for the Baseline
Condition and Scenario 1 at site 8BR Post Restoration for the period 2012-2014

Figure 5.4.3.25-1: Photos at Site 87BL Post Restoration

Figure 5.4.3.25-2: Simulated, future unit-erosion for the Baseline Condition (with boat waves on
and off) and Scenario 1 at site 87BL Post Restoration for the period 2000-2014

Figure 5.4.3.25-3: Simulated, future erosion for the Baseline Condition (with boat waves on and
off) and Scenario 1 at site 87BL Post Restoration for the period 2000-2014.
Zoomed in at area of erosion for illustrative purposes

Figure 5.4.3.25-4: Simulated, percent contribution of total erosion by discharge for the Baseline
Condition and Scenario 1 at site 87BL Post Restoration for the period 2000-2014

Figure 5.4.3.26-1: Photos at Site 75BL

Figure 5.4.3.26-2: Simulated, future unit-erosion for the Baseline Condition (with boat waves on
and off) and Scenario 1 at site 75BL for the period 2000-2014

Figure 5.4.3.26-3: Simulated, future erosion for the Baseline Condition (with boat waves on and
off) and Scenario 1 at site 75BL for the period 2000-2014. Zoomed in at area of
erosion for illustrative purposes

Figure 5.4.3.26-4: Simulated, percent contribution of total erosion by discharge for the Baseline
Condition and Scenario 1 at site 75BL for the period 2000-2014

Figure 5.4.3.27-1: Photos at Site 9R Pre-Restoration (2013 FRR)

Figure 5.4.3.27-2: Simulated, future unit-erosion for the Baseline Condition and Scenario 1 (with
boat waves on) at site 9R Pre Restoration for the period 2000-2014

Figure 5.4.3.27-3: Simulated, future unit-erosion for the Baseline Condition (with boat waves on
and off) and Scenario 1 at site 9R Pre Restoration for the period 2000-2008

Figure 5.4.3.27-4: Simulated, future erosion for the Baseline Condition and Scenario 1 (with boat
waves on) at site 9R Pre Restoration for the period 2000-2008. Zoomed in at area
of erosion for illustrative purposes

Figure 5.4.3.27-5: Simulated, percent contribution of total erosion by stage for the Baseline
Condition and Scenario 1 at site 9R Pre Restoration for the period 2000-2008. As
no stage-discharge relationship could be developed, stage was used

Figure 5.4.3.28-1: Photos of Site 9R Post Restoration

Figure 5.4.3.28-2: Simulated, future unit-erosion for the Baseline Condition (with boat waves on
and off) and Scenario 1 at site 9R Post Restoration for the period 2008-2014, with a
minimum water surface elevation of 176.9 feet and a maximum water surface
elevation of 184.5 feet.

Figure 5.4.3.28-3: Simulated, percent contribution of total erosion by stage for the Baseline
Condition and Scenario 1 at site 9R Post Restoration for the period 2008-2014. As
no stage-discharge relationship could be developed, stage was used.

Figure 5.4.3.29-1: Photos of Site 12BL

Figure 5.4.3.29-2: Simulated, future unit-erosion for the Baseline Condition and Scenario 1 (with
boat waves on) at site 12BL for the period 2000-2014

Figure 5.4.3.29-3: Simulated, future unit-erosion for the Baseline Condition (with boat waves on
and off) and Scenario 1 at site 12BL for the period 2000-2014

Figure 5.4.3.29-4: Simulated, future erosion for the Baseline Condition and Scenario 1 (with boat
waves on) at site 12BL for the period 2000-2014. Zoomed in at area of erosion for
illustrative purposes.
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Figure 5.4.3.29-5: Simulated, percent contribution of total erosion by stage for the Baseline
Condition and Scenario 1 at site 12BL for the period 2000-2014. As no stage-
discharge relationship could be developed, stage was used.

Figure 5.4.3.30-1: Photos of Site BC-1R

Figure 5.4.3.30-2: Simulated, future unit-erosion for the Baseline Condition (with boat waves on
and off) and Scenario 1 at site BC-1R for the period 2000-2014

Figure 5.4.3.30-3: Simulated, future erosion for the Baseline Condition (with boat waves on and
off) and Scenario 1 at site BC-1R for the period 2000-2014. Zoomed in at area of
erosion for illustrative purposes

Figure 5.4.3.30-4: Simulated, percent contribution of total erosion by stage for the Baseline
Condition and Scenario 1 at site BC-1R for the period 2000-2014. As no stage-
discharge relationship could be developed, stage was used.

Figure 5.5.1.2-1: Impact of Flow Magnitude on Flow Distribution

Figure 5.5.1.2-2: Eddy Formation in King Philip’s Abyss

Figure 5.5.1.2-3: Impact of Flow Magnitude on Eddies

Figure 5.5.1.2-4: Eddying in Areas of Coarse Resolution

Figure 5.5.2.1-1: Connecticut River at Montague, July 1, 1997 — February 28, 1998

Figure 5.5.2.1-2: Water Level Monitoring Data, October 5-12, 1997

Figure 5.5.2.1-3: Water Level Monitoring Data, January 4-11, 1998

Figure 5.5.3-1: Video Camera and Temporary Staff Gage

Figure 5.5.3-2a: Boat Wave Data Collection, July 1997

Figure 5.5.3-2b: Boat Wave Data Collection, July 1997

Figure 5.5.3-2c: Boat Wave Data Collection, July 1997

Figure 5.5.3-3: Notching Due to Boat Waves

Figure 5.5.3-4: Comparison of Boat versus Non-Boat Suspended Sediment Concentrations
(arithmetic)

Figure 5.5.3-5: Comparison of Boat versus Non-Boat Suspended Sediment Concentrations (Log)

Figure 5.5.3-6a: Boat Wave Erosion Sequence

Figure 5.5.3-6b: Boat Wave Erosion Sequence

Figure 5.5.3-7: Example of Boat Wave Erosion

Figure 5.5.3-8: Example of Boat Wave Erosion

Figure 5.5.3-9: Plume of Suspended Sediment Begins from Bank Erosion Induced by Waves

Figure 5.5.3-10: Suspended Sediment Plume Expands

Figure 5.5.3-11: Further Expansion of Suspended Sediment Plume

Figure 5.5.3-12: Suspended Sediment Plume Expands Farther Out From Banks

Figure 5.5.4-1: Turners Falls Impoundment Land-use (2013 FRR)

Figure 5.5.4-2: Agricultural Development on the Terraces of the Turners Falls Impoundment

Figure 5.5.4-3: Erosion Adjacent to Agricultural Land-use

Figure 5.5.4-4: Trrigation on agricultural field adjacent to the Connecticut River and Location on
Google Earth

Figure 5.5.4-5: Irrigation pumping from the Connecticut River and Location on Google Earth

Figure 5.5.4-6a: Irrigation pumping from the Connecticut River, Photo 359

Figure 5.5.4-6b: Irrigation pumping from the Connecticut River, Photo 364

Figure 5.5.4-6¢: Location of Photos 359 and 364 (Google Earth)

Figure 5.5.4-7: Ponding on agricultural fields from rainfall event, September 30, 2015 (a)

Figure 5.5.4-8: Ponding on agricultural fields from rainfall event, September 30, 2015 (b)

Figure 5.5.4-9: Ponding on agricultural fields from rainfall event, September 30, 2015 (c)

Figure 5.5.4-10: Ponding on agricultural fields from rainfall event, September 30, 2015 (d)

Figure 5.5.4-11: Ponding on agricultural fields from rainfall event, September 30, 2015 (e)

Figure 5.5.4-12: Ponding on agricultural fields from rainfall event, September 30, 2015 (f)
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Figure 5.5.5.4-10 March precipitation — Keene, NH

Figure 5.5.5.5-1 Erosion Damage — 1936 Flood

Figure 5.5.5.5-2 Abandoned Avulsion Channel — 1936 Flood (Field, 2007)

Figure 5.5.5.5-3 Aerial Photo Showing Erosion Scars on Floodplain — 1939

Figure 5.5.5.5-4: Connecticut River near Windsor, VT — April 28, 1946 (TransCanada)
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5, 1913 (TransCanada)

Figure 5.5.5.5-6: Eroded Bank in Turners Falls Impoundment Downstream of Vernon Dam — April

5, 1913 (TransCanada)

Figure 5.5.5.5-7: Connecticut River Downstream of Vernon Dam (Google Earth)
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Figure 5.5.5.5-23 Ice and erosion damage, 1968
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Figure 5.5.6-2: Bank swallow nests — Flagg erosion site near Kidds Island, Turners Falls
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Figure 5.5.6-3: Cattle using riverbank area along Connecticut River — Flagg erosion site near
Kidds Island, Turners Falls Impoundment

Figure 5.5.6-4: Animal path from river to field, Photo 101

Figure 5.5.6-5: Animal path from river to field, Photo 109

Figure 5.5.6-6: Animal path from river to field, Photo 117

Figure 5.5.5-6-7: Animal path from river to field, Photo 119

Figure 5.5.6-8: Animal path from river to field, Photo 120

Figure 5.5.6-9: Animal path from river to field, Photo 124

Figure 5.5.6-10: Animal path from river to field, Photo 128

Figure 5.5.6-11: Animal path from river to field, Photo 130
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Figure 6.1.1-1: Dominant and Contributing Causes of Erosion at each Detailed Study Site

Figure 6.1.1-2: Contributing Erosion Factors and Processes at each Detailed Study Site

Figure 6.1.2.1-1: Energy slope trends through the Turners Falls Impoundment

Figure 6.1.2.2-1: Energy slope trends through the Turners Falls Impoundment at flows less than

18,000 cfs

Figure 6.1.2.2-2: Energy slope trends through the Turners Falls Impoundment at flows between

18,000 and 37,000 cfs
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Figure 6.1.2.2-3: Energy slope trends through the Turners Falls Impoundment at flows over 37,000
cfs

Figure 6.1.2.2-4: Locations of Riverbank Segments with Features and Characteristics similar to
those Detailed Study Sites where Hydropower Project Operations are a Cause of
Erosion

Figure 6.1.2.2-5: Location of Turners Falls Impoundment Riverbank Segments where Land
Management Practices are a Potential Contributing Cause of Erosion

Figure 6.1.2.2-6: Final Extrapolation of the Causes of Erosion for each Riverbank Segment in
Turners Falls Impoundment

Figure 6.1.3-1: Comparison of Northfield Mountain Project Generation 2000-2014

Figure 6.1.4.1-1: 1979 USACE Study Reach — Connecticut River (USACE, 1979)

Figure 6.1.4.1-2: TFI USACE Index Site 255 (USACE, 1979)
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LIST OF ABBREVIATIONS
BST borehole shear-test
BSTEM Bank Stability and Toe Erosion Model
c Effective cohesion
ca Apparent cohesion
cfs cubic feet per second
cm centimeter
CO; Carbon dioxide
Corps, The US Army Corps of Engineers
CT State of Connecticut
CRREL Cold Regions Research and Engineering Laboratory
CRSEC Connecticut River Streambank Erosion Committee
CRWC Connecticut River Watershed Council
D root diameter, in mm
DBH diameter at breast height
dso median particle diameter
ECP Erosion Control Plan
FCD Franklin Conservation District
FEMA Federal Emergency Management Agency
FERC Federal Energy Regulatory Commission
FirstLight FirstLight Hydro Generating Company
FIS Flood Insurance Study
FOV Field of View concept
FRCOG Franklin Regional Council of Governments
FRR Full River Reconnaissance
Fs Factor of Safety
ft feet
g gram
GB gigabyte
GIS Geographic Information System
GPS Global Positioning System
Gomez and Sullivan Gomez and Sullivan Engineers, DPC
HEC Hydraulic Engineering Center
HEC-RAS Hydraulic Engineering Center- River Analysis System
(HYDROs Laser In-situ Scattering Transmissometry HYDRO unit
Hz hertz
ILP Integrated Licensing Process
in Inch
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1 INTRODUCTION

FirstLight Hydro Generating Company (FirstLight) is the current licensee of the Northfield Mountain
Pumped Storage Project (FERC No. 2485) and the Turners Falls Hydroelectric Project (FERC No. 1889).
FirstLight has initiated the process of relicensing the two Projects with the Federal Energy Regulatory
Commission (FERC, the Commission) using FERC’s Integrated Licensing Process (ILP). The current
licenses for Northfield Mountain and Turners Falls Projects were issued on May 14, 1968 and May 5, 1980,
respectively, with both set to expire on April 30, 2018.

As part of the ILP, FERC conducted a public scoping process during which various resource issues were
identified. On October 31, 2012, FirstLight filed its Pre-Application Document (PAD) and Notice of Intent
with FERC. The PAD included FirstLight’s preliminary list of proposed studies. On December 21, 2012,
FERC issued Scoping Document 1 (SD1) and preliminarily identified resource issues and concerns. On
January 30 and 31, 2013, FERC held scoping meetings for the two Projects. FERC issued Scoping
Document 2 (SD2) on April 15, 2013.

FirstLight filed its Proposed Study Plan (PSP) on April 15, 2013 and, per the Commission regulations, held
a PSP meeting at the Northfield Visitors Center on May 14, 2013. Thereafter, FirstLight held ten resource-
specific study plan meetings to allow for more detailed discussions on each PSP and on studies not being
proposed. On June 28, 2013, FirstLight filed with the Commission an Updated PSP to reflect further
changes to the PSP based on comments received at the meetings. On or before July 15, 2013, stakeholders
filed written comments on the Updated PSP. FirstLight filed a Revised Study Plan (RSP) on August 14,
2013 with FERC addressing stakeholder comments. Included in the RSP was Study No. 3.1.2 Northfield
Mountain/Turners Falls Operations Impacts on Existing Evosion and Potential Bank Instability (Study No.
3.1.2 or Causation Study). The methodology and scope for Study No. 3.1.2 were approved with
modifications by the Commission in its September 13, 2013 Study Plan Determination Letter (SPDL)
(FERC, 2013). Those modifications included:

o FirstLight should include analysis of operational changes through the period 1999 to 2013 to
identify any correlation between operational changes and observed changes in erosion rates;

o FirstLight should perform its historic geomorphic assessment using available mapping such as 1970
vintage ground survey of the impoundment;

o FirstLight should consult with stakeholders on transect site selection, and;

o FirstLight should employ the RIPROOT module of BSTEM to describe the erodibility of soils and
banks;

On August 27,2013, Entergy Corp. announced that the Vermont Yankee Nuclear Power Plant (VY), located
on the downstream end of the Vernon Impoundment on the Connecticut River and upstream of the two
Projects, would be closing no later than December 29, 2014. With the closure of VY, it was anticipated that
certain environmental baseline conditions would change during the relicensing study period. In their
September 13,2013 SPDL, FERC approved many of the studies or approved them with FERC modification;
however, due to the impending closure of VY, FERC did not act on 19 proposed or requested studies
pertaining to aquatic resources. The SPDL for these 19 studies was deferred until after FERC held a
technical meeting with stakeholders on November 25, 2013 regarding any necessary adjustments to the
proposed and requested study designs and/or schedules due to the impending VY closure. FERC issued its
second SPDL on the remaining 19 studies on February 21, 2014, approving the RSP with certain
modifications. In addition, due to VY’s closure and the resulting potential for the increased presence of ice
in the Turners Falls Impoundment (TFI) (because of the change in thermal regime with VY closing),
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FirstLight filed an addendum to the RSP for Study No. 3.1.2 on September 15, 2014 which detailed
protocols for increased investigation of ice as a cause of erosion.

As stated in the RSP, the goals of Study No. 3.1.2 were to evaluate and identify the causes of erosion in the
TFI and to determine to what extent they are related to Northfield Mountain and Turners Falls Project
operations. In order to accomplish these goals the RSP (p. 3-25) included the following objectives:

e Conduct a thorough data gathering and literature review effort of existing relevant data to identify
data gaps;

e Conduct field investigations and field data collection to fill data gaps. Gather the field data required
to conduct detailed analyses of the causes of erosion and the forces that control them;

e Develop an understanding of the historic and modern geomorphology of the Connecticut River. A
historic geomorphic assessment will be conducted to provide context for analyzing the modern
geomorphology of the Connecticut River;

o Identify the causes of erosion present in the TFIL, the forces associated with them, and their relative
importance at a particular location. Conduct various data analyses to gain a better understanding of

these causes and forces;

o Identify and establish fixed riverbank transects that will be representative of the range of riverbank
features, characteristics, and conditions present in the TFI;

e Conduct detailed studies and analyses of erosion processes at the fixed riverbank transects;

e Evaluate the causes of erosion using field collected data and the results of the proposed data
analyses. This evaluation will include quantifying and ranking all causes present at each fixed
riverbank transect as well as in the TFI in general; and

e Develop a final report that will summarize the findings of this study and the methods used.

In order to achieve these objectives, the study methodology was divided into seven tasks:

e Task 1: Data Gathering and Literature Review;

Task 2: Geomorphic Understanding of the Connecticut River;
e Task 3: Causes of Erosion;
o Task 4: Field Studies and Data Collection;
e Task 5: Data Analyses;
e Task 6: Evaluation of the Causes of Erosion; and
e Task 7: Report and Deliverables
In order to accomplish the goals and objectives of this study, FirstLight assembled a team of technical

experts with global experience in the fields of geomorphology, hydrology and hydraulics, geotechnical
engineering, water resources engineering, and environmental science. The team of experts included
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personnel from: Simons & Associates (S&A), Cardno, The National Center for Computational
Hydroscience at the University of Mississippi, and Gomez and Sullivan Engineers, DPC (Gomez and
Sullivan). Field support was also provided by New England Environmental (NEE). Key team members
included:

e Robert Simons, PhD, PE (S&A, Fluvial Geomorphologist and Hydraulic Engineer);

e Andrew Simon, PhD (Cardno, Fluvial Geomorphologist);

e  Yavuz Ozeren, PhD, PE (National Center for Computational Hydroscience and Engineering at the
University of Mississippi, Research Scientist);

Kit Choi, PhD, PE (Geotechnical Engineer);

Jennifer Hammond (Cardno, Project Engineer);

Nick Danis, PE (Cardno, Project Engineer);

Timothy Sullivan, GISP (Gomez and Sullivan, Regulatory Specialist); and

John Hart (Gomez and Sullivan, Water Resources Engineer)

Thomas Sullivan, PE and Mark Wamser, PE (Gomez and Sullivan, Water Resources Engineers) also
provided technical support. The team of professionals were approved by the Massachusetts Department of
Environmental Protection (MADEP) in advance of the study commencing. Key personnel listed above have
decades of experience on complex river systems around the world. In addition, Andrew Simon, along with
his colleagues at the U.S. Department of Agriculture - Agricultural Research Service (USDA-ARS), was
the original developer of the Bank Stability and Toe Erosion Model (BSTEM) used as part of this study.
Bios for each key team member can be found in Volume III (Appendix A).

In accordance with RSP Task 1, during development of the RSP, and continuing after issuance of FERC’s
September 2013 SPDL, FirstLight conducted an in-depth literature review and data gathering effort which
provided the foundation for this study and allowed for the identification of potential data gaps. Based on
the literature and datasets gathered FirstLight was able to conduct a qualitative historic geomorphic
assessment of the Connecticut River and TFI (RSP Task 2). The results of the historic assessment provided
important context to the study as well as a better understanding of the various hydrologic, hydraulic,
geotechnical, and geomorphic dynamics at play in the study reach. Additionally, as part of the initial data
gathering and review effort, as well as during development of the RSP, FirstLight developed a list of the
potential causes of erosion which may be present in the TFI (RSP Task 3). The preliminary list of potential
causes presented in the RSP included (in no particular order):

e Hydraulic shear stress due to flowing water;

e Water level fluctuations due to hydropower operations;

e Boat waves;

e  Wind waves;

e [and management practices and anthropogenic influences to the riparian zone;
e Animals;

e Seepage and piping;

e Freeze-thaw; and

o Ice or debris
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Based on past experience conducting geomorphic assessments on the Connecticut River and other alluvial
rivers, as well as from information gleaned from the preliminary investigation of existing documents and
the FRR, the preliminary list of potential causes of erosion was then reviewed and divided in the RSP (p.
3-44) into two categories: 1) potential primary causes of erosion, and 2) potential secondary causes of
erosion. From this, the following classifications were developed:

Potential Primary Causes of Erosion Potential Secondary Causes of Erosion

e Hydraulic shear stress due to flowing
water

e Water level fluctuations due to
hydropower operations

e Animals

e  Wind waves

e Boat waves e Seepage and piping

e Land management practices and
anthropogenic influences
1

Freeze-thaw

o Ice

The causes of erosion listed above formed the basis for RSP Tasks 4 (Field Studies and Data Collection), 5
(Data Analyses), and 6 (Evaluation of the Causes of Erosion). While all of these potential causes of erosion
were investigated, special emphasis was placed on the potential primary causes of erosion, as discussed in
the RSP. The potential primary causes of erosion, and the forces associated with them, were evaluated at a
number of fixed riverbank transects located throughout the geographic extent of the TFI.

In accordance with the requirements of the RSP and FERC’s SPDL, the fixed riverbank transects where the
potential primary causes of erosion were investigated (also referred to as detailed study sites) were selected
in collaboration with stakeholders and were presented in the report titled Study No. 3.1.2 Northfield
Mountain/Turners Falls Operations Impact on Existing Erosion and Bank Instability — Selection of Detailed
Study Sites — September 2014 (FirstLight, 2014b).? Discussion pertaining to the final number of sites and
their locations is also included later in this report. Stakeholders consulted during development of the final
set of detailed study sites included: the Connecticut River Streambank Erosion Committee (CRSEC),
Connecticut River Watershed Council (CRWC), Franklin Regional Council of Governments (FRCOG),
Landowners and Concerned Citizens for License Compliance (LCCLC), National Marine Fisheries Service
(NMFS), Massachusetts Riverways, and the Franklin Conservation District (FCD) as well as the
Massachusetts Department of Environmental Protection (MADEP) and FERC.

Once the final list of detailed study sites was determined, various field data collection efforts were carried
out during 2014, with supplemental field work conducted in 2015 and 2016 (ice monitoring). Field activities
were conducted in accordance with Task 4 of the RSP as well as the Addendum to the RSP filed with FERC
in September 2014.° Field data collection efforts are discussed in greater detail in Section 4 of this report.
Field data were post processed and prepared for analysis or inclusion in various models throughout late
2014 and into 2015. Following the completion of the various field studies and data collection efforts, as
well as completion of all post processing and QA, the field collected data were analyzed and model runs
were executed throughout 2015 and into 2016 in accordance with RSP Tasks 5 and 6.

! Ice was originally classified in the RSP as a potential secondary cause of erosion, however, due to the closure of VY
and the potential for the increased presence of ice in the TFI, and in accordance with the 2014 Addendum to Study
3.1.2 required by the SPDL, it was elevated to a potential primary cause of erosion in 2014.

2 The Selection of Detailed Study Sites report was filed with FERC as part of the Relicensing Study 3.1.2 Initial
Study Report Summary on September 15, 2014.

3 The addendum to the RSP, or Ice Addendum, was filed with FERC as part of the Relicensing Study 3.1.2 — Initial
Study Report Summary on September 15, 2014
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The data analyses conducted for this study consisted of a mix of qualitative and quantitative methods based
on RSP Tasks 2, 5, and 6 as well as RSP Table 3.1.2-3. Overall, data analyses followed a three-level
approach consisting of:

1. Qualitative geomorphic analysis;
2. Quantitative engineering and geomorphic analysis; and
3. Computer modeling

This approach ensures a proper understanding of the physical processes governing bank processes along
the reach through the hydraulic action, transport of sediment, river form and response, interaction with
infrastructure and/or biologic aspects of riverine morphology or habitat. The three-level approach allows
for cumulatively supportive, scientifically justifiable results to be obtained. Each subsequent level of
analysis builds on the understanding developed by the previous level. The results of the various analyses
discussed in Section 5 were then used to determine the cause(s) of erosion at each detailed study site. These
results were then extrapolated throughout the study area resulting in detailed maps identifying the cause, or
causes, of erosion at each riverbank segment within the TFI.

Each of the previously mentioned tasks which were identified in the RSP are discussed in greater detail in
the ensuing sections and appendices of this report. This includes discussion of: the Geomorphic History of
the Connecticut River (Section 2); the Potential Causes of Erosion (Section 3); Field Studies and Data
Collection (Section 4); Data Analyses and Evaluation of the Causes of Erosion (Section 5); and a Summary
Evaluation of the Causes of Erosion in the TFI (Section 6).
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2  GEOMORPHIC UNDERSTANDING OF THE CONNECTICUT RIVER

RSP Task 2 calls for FirstLight to develop a geomorphic understanding of the Connecticut River to fully
understand the various processes at work in the TFI. The RSP calls for this task to entail summarizing the
historic and modern geomorphology of the Connecticut River, providing background information on the
dynamic nature of alluvial rivers, discussing general characteristics of the drainage basin, and comparing
the present state of various reaches of the Connecticut River, and/or tributaries, within the TFI. The RSP
also requires that analysis and discussion of the historic geomorphology of the Connecticut River be
conducted through the review of historic aerial imagery, topographic maps, photographs, surveys, plans,
and/or archival studies and literature. Furthermore, in its September 13, 2013 SPDL, FERC recommended
that FirstLight perform its historic geomorphic assessment using available mapping such as the 1970
vintage ground survey of the TFI as a base map, comparing it against more recent aerial imagery and
available survey data to analyze trends in bank position within the TFI. The goal of the historic assessment
was to provide context when discussing the modern geomorphology of the river.

The Connecticut River, which has a very small portion of its drainage area in Quebec, flows in a southerly
direction from the Connecticut Lakes in northern New Hampshire, through western Massachusetts and
central Connecticut, and into Long Island Sound (Figure 2-1). The river forms the border between New
Hampshire and Vermont prior to it entering western Massachusetts. On its journey through New England,
the river is impounded by 15 dams, some of which are equipped with hydropower facilities. A few of these
dams create impoundments large enough to seasonally re-regulate* river flows. The majority of hydropower
dams are low-head facilities forming narrow impoundments that experience generally lower water
velocities at low flows due to raised water levels and velocities that approach near free-flowing conditions
at high flows.

The Connecticut River was once a lake (Lake Hitchcock), formed after the ice melted at the end of the most
recent ice age. This history affects current geomorphology and sediments that are found along the bed and
banks of the river and is important to understand. The numerous flat terraces found along the Connecticut
River were once deposits of fine sediment that settled in the bed of Lake Hitchcock. With the exception of
rare segments (such as the French King Gorge located in the TFI), the Connecticut River is an alluvial river.
Alluvial rivers consist of banks and bed materials that the river itself transports, deposits, or erodes. As
such, alluvial rivers, by definition, are dynamic; thus various riverbank segments along the length of the
Connecticut River are eroding as a result of its alluvial nature.

The reach of river extending approximately 20 miles from the Turners Falls Dam in Montague, MA to the
Vernon Dam in Vernon, VT is also known as the TFI (Figure 2-2). FirstLight owns and operates the Turners
Falls Hydroelectric Project while TransCanada owns and operates the Vernon Hydroelectric Project. The
Turners Falls Dam, or a dam of different vintage, has been present at its current location since
approximately 1798. The Turners Falls Dam was raised approximately six feet in 1970 during construction
of the Northfield Mountain Project to accommodate additional storage volume for the operation of the
Project without any significant increase of river flow in the Connecticut River downstream of the dam.

While this study specifically focuses on the TFI, for context it is important to understand the history and
geomorphology of the entire Connecticut River, particularly the role of Vernon Dam which forms the
upstream boundary of the TFI when discussing the dynamics of the TFI. Riverbank erosion has been a long-
standing concern along the Connecticut River due to the proximity of infrastructure, farmland, property,
and other valuable resources within the river corridor. Varying degrees of erosion in both free-flowing and

4 Dams having sufficient storage capacity to store water during periods of high flow thereby reducing flood peaks
for release during the low flow season.
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impounded reaches of the Connecticut River have been documented over time. To provide context and a
better understanding of the dynamics of both the Connecticut River and TFIL, this section includes the
following discussions:

Geomorphology of Alluvial Rivers (Section 2.1);

Geomorphic history of the Connecticut River (Section 2.2);

Analysis of historic datasets (Section 2.3);

Geomorphic analysis of tributaries and upland erosion features (Section 2.4);
Erosion comparison of the TFI and Connecticut River (Section 2.5); and

Summary of the Geomorphology of the Connecticut River (Section 2.6)
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2.1 Geomorphology of Alluvial Rivers

The Connecticut River, with the exception of rare segments, is an alluvial river that was formed following
the last ice age. Prior to developing a geomorphic understanding of the river it is important to first
understand the nature and geomorphology of alluvial rivers in general. The dynamic nature of alluvial rivers
1s described in one of the foremost and well-known textbooks, Fluvial Processes in Geomorphology
(Leopold et al., 1964). Leopold, et al. discussed the continual adjustment of river systems by processes of
aggradation, degradation, scour, deposition, lateral migration and bank erosion. Even the concept of a river
in equilibrium does not mean that a river, so classified, is static and un-changing.

As noted by Leopold, ef al., the concept of equilibrium in an idealized channel is based on the premise that
a natural channel operates in a balance between its ability to transport sediment and the sediment delivered
to it from upstream. The former is based on hydraulic characteristics such as stream power or flow energy
that determine sediment-transport competence (a measure of the largest size that can be transported) and
sediment-transport capacity (the amount of sediment that can be transported for a given flow). This implies
that an alluvial stream not only carries sediment but also may entrain and deposit sediment depending on
hydraulic characteristics of the flow and the boundary characteristics (shape and resistance) of the channel.
If an alluvial stream has excess stream power relative to its sediment load, it will entrain (erode) sediment
from its boundary. If it is transporting more sediment than the capacity for a given flow, it will deposit
sediment. Erosion may be vertical or lateral and erosion of one bank may be accompanied by deposition on
the other side of the channel, maintaining, on average, a relatively constant channel cross-section.
Equilibrium does not mean that no erosion occurs but rather that an equilibrium between erosion and
deposition is achieved. Based on this concept of equilibrium, the form of the cross-section may not be
constant over time and the position of the channel may change, albeit at slow rates. Thus, the processes of
erosion and deposition can be characteristics of an alluvial stream in equilibrium so long as the changes do
not represent large, systematic adjustments over time and space. Changing position, even while retaining
overall average channel geometry, necessarily means riverbank erosion occurs even in such channels that
are considered to be in equilibrium.

The concept of the dynamic nature of rivers is confirmed in The Fluvial System (Schumm, 1977), which
notes that while it would be convenient if a river were unchanging, an alluvial river generally is changing
its position as a consequence of hydraulic forces acting on its bed and banks. Schumm further noted that
archaeological, botanical, geological, and geomorphic evidence supports the conclusion that most rivers
are subject to constant changes as a normal part of their morphologic evolution (Schumm, 1977; Simon,
1989). These adjustments occur over a variety of temporal and spatial scales ranging from a reach where a
single flood hydrograph where scour may occur on the rising limb and deposition may occur on the receding
limb, to long periods of time representing the evolution of a channel system.

In summary, as noted by some of the most renowned fluvial geomorphologists, even those river reaches
considered to be in “equilibrium” can be expected to move laterally and adjust through processes that
include riverbank erosion. Erosion is a natural process, even in channels in equilibrium that cannot and
should not be totally controlled.

Examples of natural river dynamics can be found by looking at rivers in the National Parks where no
significant development or regulation of rivers for hydropower, agriculture, water supply, navigation, or
recreational powerboat use is typically found. Figures 2.1-1 through 2.1-3 show the effect of natural channel
dynamics resulting in riverbank erosion on the Yellowstone River in Yellowstone National Park and the
Middle Fork of the Flathead River in Glacier National Park. Numerous other examples can be found at
National Parks throughout the U.S. It is clear that rivers without significant development and commercial
or boat use, and which are protected from such uses, are not exempt from natural geomorphic processes
including riverbank erosion. In fact, these rivers can display significant, dynamic geomorphic processes
resulting in riverbank erosion. Geomorphic processes include erosion, accretion, lateral migration, avulsion
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and shifting of meander bends. All of these natural processes occur in alluvial rivers of all types and sizes,
regardless of whether they are found in completely natural settings without external influences or if they
are affected by development and anthropogenic uses of various types.
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Figure 2.1-1: Yellowstone River — Yellowstone National Park (a)

Figure 2.1-2: Yellowstone River — Yellowstone National Park (b)
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Figure 2.1-3: Middle Fork of the Flathead River — Glacier National Park
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2.2 Geomorphic History of the Connecticut River

The geomorphic history of the Connecticut River can be divided into two main periods, 1) the recent’
geomorphic history, and 2) the modern geomorphology. The recent geomorphic history includes the major
geomorphic events and processes which occurred approximately 20,000 years ago during and following the
last ice age when the river was formed. The modern geomorphology encompasses the processes of the past
several centuries when development began expanding throughout the watershed. Various geomorphic
processes and events occurred during each of these time periods which continue to impact the Connecticut
River watershed today. The geomorphic events and processes associated with these time periods are
discussed in greater detail below.

2.2.1  Recent Geomorphic History of the Connecticut River

The Connecticut River has experienced significant changes over the last 20,000 years. During the most
recent ice age (approximately 20,000 years ago), the Connecticut River valley was covered by the
Laurentide Ice sheet. As the ice progressed to the south, it scraped and pushed rock and soil away from
some areas and into mounds in other locations. Thus, the ice redistributed rock and soils throughout the
area as well as compressing the underlying rock and soil. As the most recent ice age ended, the melting ice
was trapped behind a natural dam which consisted of rock and soil that had been pushed up by the ice as it
had advanced. The formation of a natural dam combined with the melting glacial water formed what is
known as Lake Hitchcock (Figure 2.2.1-1).

Lake Hitchcock extended from about the middle of what is now the state of Connecticut (Rocky Hill, CT),
through Massachusetts, northward through about 80% of Vermont and New Hampshire to St. Johnsbury,
VT; a distance of about 200 miles (“Glacial Lake Hitchcock™ by Tammy Marie Rittenour). The lateral
margins of the lake were confined by the Green Mountains on the west and the White Mountains on the
east. As the ice progressively melted northward, water in the lake rose over time creating a large pool of
relatively quiescent water. The lake’s water surface in the TFI area was likely more than 150 ft. higher than
the current level of the Connecticut River; while the lake bottom was likely over 75 ft. higher (Field, 2007).

Glacial melt from the northern extent of the lake combined with inflow from various tributaries resulted in
the transport of significant quantities of sediment. As this sediment reached the quieter downstream waters
of the lake, velocities rapidly decreased along with sediment transport capacity. This resulted in sediment
deposition along the bottom and sides of the lake. Coarser sediment would drop out first with progressively
finer sediment making it somewhat further into the lake. Numerous deltas developed along the sides of the
lake as well as a somewhat general deposit of finer materials along the bottom. As a result of these processes,
the Connecticut River valley bottom is composed of a series of terraces stepping up from the river. As noted
in Field, 2007, an example of these type of terrace surfaces is Moose Plain which is located in the vicinity
of the TFI (Figure 2.2.1-2). While Moose Plain demonstrates the various terraces neatly along one transect,
in most instances this is not the case.

Approximately 14,000 years ago the natural “dam” holding back Lake Hitchcock was broken and the lake
began to drain (“Geologic History of the Connecticut River Valley near Greenfield, MA.” Richard D. Little).
The break was likely the result of instabilities in the natural dam combined with increasing pressure on the
dam material. Once the lake began draining it likely eroded through the soil and loose rock until it reached
more solid and less erodible rock below. The draining and downcutting of Lake Hitchcock formed what is
now the Connecticut River. While some of the deposited lake sediment was probably eroded and
transported downstream with the now flowing water, some of the relatively fine deposited sediment (clay,
silt and sand) was left behind in the existing Connecticut River valley. Additional erosion and downcutting

> The term “recent” is being used in a long-term geomorphic context going back to the last ice age. This is considered
recent compared to the numerous geologic ages that preceded this period of time over the life span of the earth.
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occurred as the ground beneath the ice and water rebounded vertically from the decreasing load that no
longer existed.

Through time the watershed became forested and “normal” riverine dynamic processes took over. As these
previous and more dramatic changes faded into the past, geomorphic changes slowed and became less
dramatic, however, typical alluvial river dynamics have and will continue. These dynamics are most
pronounced in the previously deposited fine sediments that are erodible under normal riverine processes.
The fine sediments (clay, silt, and sand) left behind by Lake Hitchcock are prevalent not only along the
majority of the Connecticut River’s banks but also throughout the TFI. As noted by Field (2007), most of
the riverbank sediments in the TFI are naturally susceptible to erosion because, although they are fine
grained, they do not contain much silt and clay which would impart additional resistance through cohesive
strength into the materials. The sands and sandy loams are relatively erodible. Field (2007) further noted
that natural stability is further compromised by past channel incision through older terrace and floodplain
surfaces, leading to greater flow energy expended on the banks rather than having the ability to spread out
across broad floodplains (Field, 2007).
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Figure 2.2.1-2: Moose Plain Terraces (Field, 2007)
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2.2.2  Modern Geomorphology

In recent centuries, with the expansion of development in the region, the Connecticut River has been used
as a means of transporting goods, water supply, waste disposal, recreation, and power generation. As part
of this development, several dams were constructed on the Connecticut River for the primary purpose of
hydropower production. Table 2.2.2-1 provides a list of the dams located on the Connecticut River. Most
of these dams, with the exception of Murphy, Moore and Comerford Dams, are less than 60 feet in height
and form relatively narrow, shallow impoundments upstream of the structures. The mainstem dams, and all
dams in general, typically reduce the river velocity and trap sediment, the magnitude of which depends on
the sediment transport capacity through the impoundment compared to the upstream sediment supply which
determines the sediment trapping efficiency.

In addition to the mainstem dams, several United States Army Corps of Engineers (Corps or USACE) flood
control dams have been constructed on larger tributaries to the Connecticut River. These facilities were
constructed to reduce flood damages that had occurred historically (e.g., damages from the 1936 flood) by
reducing peak flows to the Connecticut River and therefore reducing potential flood related damages. Since
their construction, the flood control dams have generally been successful in reducing the historic impacts
of flood events throughout the Connecticut River watershed, including reducing (but not eliminating) the
erosive effects of peak flow events on riverbanks.

The modern geomorphology of the Connecticut River is typical of an alluvial river and is consistent with
that described in Section 2.1. As expected of any alluvial river, the Connecticut River has continued to
adjust over time through processes of aggradation, degradation, scour, deposition, lateral migration, and
bank erosion. Episodic sediment deposition events have been known to occur in the river, such as was
observed following Tropical Storm Irene in August 2011. Some sediment deposition also occurs as a result
of the spring freshet or other similar high flow events. After such events, while some sediment remains, the
river typically erodes some of this deposited material. Since the deposited sediment typically consists of
suspended sediment which is fine material (clay, silt and sand), the Connecticut River has the ability to
occasionally erode and transport some of this deposited sediment provided by upstream sources or
tributaries, such that the overall trend of the river may appear to be more of erosion than deposition. The
dynamic nature of the Connecticut River is evident by the fact that riverbank erosion occurs to one degree
or another throughout its length in both free-flowing and impounded reaches. While there has been a very
long-term tendency towards erosion along the river as the river incised through old lake deposits, it has
essentially reached a state of dynamic equilibrium with base level controlled by areas of bedrock or
armoring as well as dams along the mainstem.

Over the last several decades numerous studies have been conducted examining riverbank dynamics
throughout the Connecticut River watershed as well as the TFI. These studies have ranged from historic
analyses and comparisons and geomorphic assessments to hydraulic modeling and riverbank erosion
surveys. To understand the modern geomorphology of the Connecticut River and TFI, several of these
studies were reviewed and additional analyses were conducted when developing this report. The findings
of these analyses are discussed in greater detail throughout the following sections of this report.
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Table 2.2.2-1: Connecticut River Dams

Connecticut River Dam Height

(Upstream to Downstream) (ft)
Moose Falls Flowage 10
Second Connecticut Lake Dam 28
First Connecticut Lake Dam 56
Murphy Dam (Lake Francis) 106
Canaan Dam 27
Lyman Falls Dam Breached
Wyoming Dam Breached
Gilman Dam 40
Moore Dam 178
Comerford Dam 170
MclIndoe Falls Dam 25
Dodge Falls Dam 28
Wilder Dam 39
Bellows Falls Dam 57
Vernon Dam 60
Turners Falls Dam 35
Holyoke Dam 30
Enfield Dam Breached
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2.3  Analysis of historic datasets

The geomorphic condition of the Connecticut River in general, and TFI specifically, can be further
understood by examining available historic maps, aerial photographs, and surveys. Aerial photographs
covering the TFI are available over a period of time extending from 1929 to 2014. These photographs
provide an important historic perspective over this 80+ year period. Included in this time period were
photographs taken along the TFI before and after the construction of the Northfield Mountain Project and
associated raising of the Turners Falls Dam.® In addition to aerial photographs, historic maps going back
over 100 years up through recent LiDAR (Light Detection and Ranging) mapping provide insight as to the
recent and existing geomorphology of this section of the river.

Discussion, evaluation, and analysis of these sources of information is presented throughout this section.
The purpose of this qualitative assessment is to provide context and important insight as to the condition of
the Connecticut River and TFI historically and over recent decades. As such, this section includes the
following discussions:

e Historic aerial photographs and maps — limitations (Section 2.3.1)

e Analysis of historic datasets — Connecticut River (Section 2.3.2)

e Analysis of historic datasets — Turners Falls Impoundment (Section 2.3.3)

o Analysis of the 20 erosion sites identified in the Erosion Control Plan (Section 2.3.4)

2.3.1 Historic aerial photographs and maps — limitations

While historic datasets such as aerial photographs and maps provide important historic context, valuable
insights, and a better understanding of the geomorphic processes which have occurred over time, there are
several significant limitations to comparing historic aerial photographs and maps to present ortho-photos
which should be noted.

When mapping or taking aerial photographs over relatively large areas, it is recognized that the surface of
the earth is curved while maps are a flat or plane representation of a curved surface. In addition, aerial
photographs are taken from the lens of a camera that is vertically above one point on the ground or one
small area of each of the photographs that are taken. As such, distortions are often present in the areas of
the photograph that are taken farther away from that area that is directly below the camera. This is
particularly true around the edges of the photograph depending on any tilt or angle of the line of view of
the camera compared to vertical.

A georeferencing process is often utilized to adjust for some of these potential distortions and to bring all
sources of information into a common datum. It is well understood that georeferencing or overlaying one
mapping dataset onto another can be fraught with issues if not managed properly. One needs to understand
how the datasets were compiled, what the resulting accuracies were and what the intended goal of the
mapping was to successfully combine them and understand the limitations of the process. Even then the
georeferencing process is subject to its own set of errors and accuracy limitations. Historic maps and aerial
photographs are often georeferenced to survey data and common features found on more recent ortho-
photos.

By their definition, ortho-photos have been reduced to a flat surface, provide a uniform map scale
throughout their extent for a given accuracy, and provide a current, truly visual map source over a large

¢ Construction of the Northfield Mountain Project, including raising the Turners Falls Dam, occurred in the late
1960’s and early 1970’s. Commercial operation of the Northfield Mountain Project began in 1972.
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extent. Ortho-photos used for this study typically had an accuracy of 6-10 feet (2-3 meters referenced in the
source). When the overlaid dataset also happens to be reduced to a flat surface one can typically find a
suitable translation, rotation and scale factor to overlay the mapping. Historic aerial photographs are often
more problematic in that it is typically unclear as to how they were generated. Unlike the 2009 or 2014
State of Massachusetts Geographic Information Systems Center (MassGIS) ortho-photos, historic aerials
have more than likely not had any rectification performed to correct distortions caused by camera
orientation or terrain relief. The transformation of a simple aerial photograph is not as predictable and can
be greatly assisted by other factors that confirm the transformation. In the case of the Connecticut River
over the last 40 years, several large rock/boulder/bedrock shorelines exist where minimal movement is
expected and therefore can be used to confirm the transformation. The results of georeferencing efforts
conducted by FirstLight as part of this study typically yielded root-mean-squared (RMS) values less than
+/-15 ft.

Other factors to consider when comparing datasets from different vintages is that the top of the riverbank
may or may not be well defined and may be difficult to discern from aerial or ortho-photos. At some
locations, the top of bank may be a flat terrace whereas the riverbank is steeply sloping so there is an abrupt
break in topography. At other locations, a riverbank may just be part of a hillslope that continues sloping
upwards, well beyond any limit of high water without any break in topography. In addition, many riverbank
areas are densely vegetated so both visibility and topographic accuracy is limited. As a result, determining
the historic location of the river often focuses on identifying the edge of the river/water interface.

Although determining the historic position of the river by identifying the edge-of-water is easier than
identifying the top of bank, it is not without its own accuracy limitations. Without knowing the specific
time and date when each image is taken, the water levels and river conditions are often unknown. Due to
varying water levels the question arises as to whether any measured change in river position is due to an
actual change in the bank or simply due to the difference in water level. Water levels may change from day
to day or even hour to hour while the aerial photographs are being taken; thus, water level conditions may
not be consistent within a single set of images. Furthermore, when comparing aerial photographs or edge-
of-water datasets from before and after the Turners Falls Dam was raised in 1970, the approximately 6 foot
rise in TFI water level would have to be accounted for. Given this, comparing edge-of-water locations from
year to year or decade to decade would likely not yield useful or accurate results.

Due to these considerations, if observed changes in river position are within the accuracy limits of the
dataset quantitative determinations are not meaningful. To determine if significant changes in riverbank
position have actually occurred, the observed change (whether real or perceived) must be of a significant
magnitude greater than the accuracy limits of the data. Given that the accuracy limits of the data can be 30
to 40 feet or more depending on their quality, it is often only appropriate to conduct qualitative geomorphic
comparison’s using historic aerial photographs or maps to provide context or to determine general trends.

As aresult of the limitations discussed above, the analysis of historic aerial photographs and maps discussed
throughout this report will be limited to a qualitative assessment focused on general geomorphic trends and
observations throughout the Connecticut River watershed and TFI. The results of this qualitative assessment
provide context in regard to the modern geomorphology of the study area.

2.3.2  Analysis of historic datasets — Connecticut River

In “Riverbank Erosion on the Connecticut River at Gill, Massachusetts: its Causes and its Timing” (Reid,
1990) historic maps and datasets from the late 1800’s and early to mid-1900’s were analyzed to determine
geomorphic changes over time. Specifically, this analysis compared historic maps and aerial photographs
at several locations along the river.

In the vicinity of Northampton, MA an 1831 map was compared to a 1958 aerial photograph which
demonstrated the growth of Elwell Island and a “large amount of retreat of the Hadley (east) bank™ (Figure
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2.3.2-1) (Reid, 1990). Changes in the bank line were on the order of several hundred feet based on visual
comparisons with the overall river width. Comparisons were also made using maps that were surveyed in
1887, 1936, and 1977 (Figure 2.3.2-2). The results of these comparisons showed that the riverbank in the
vicinity of Otter Run in the TFI (a tributary to the river in the vicinity of Kidds Island) had retreated some
400 feet between 1887 and 1977. Finally, a comparison of an 1880 map to a 1977 map showed significant
erosion progressing over time in a zone of “active erosion” (near the town of Northfield) as well as other
locations where the river had moved approximately one river width or on the order of several hundred feet

(Figure 2.3.2-3).

Northrop, Devine, and Tarbell (NDT) also examined the possibility of comparing historic maps to evaluate
changes in the position of the river over time (NDT, 1991). As part of this effort NDT reviewed work
conducted by Reid (1990) and accuracy information from the U.S. Geological Survey (USGS). Several
hundred feet of changes in riverbank position were observed at various locations by both NDT and Reid
prior to 1944; however, significant changes (beyond the accuracy limits of the datasets) were not observed
in the decades since the 1940°s. Both Reid and NDT documented much smaller amounts of change in the
more recent decades. The observed relatively small changes in recent decades have been confirmed by
annual transect surveys at various locations throughout the TFI which have occurred since the 1990’s.

As discussed in the previous section, in reviewing the results of these historic comparisons one must take
into account the various accuracy limitations of using such old datasets of varying quality. While definitive
conclusions or quantitative estimates cannot be drawn from these comparisons, they are still relevant to the
analysis. As such, it is clear that significant erosion occurred at various locations along the Connecticut
River over time and prior to the 1940°s. While erosion continued throughout the watershed following the
1940’s it appears to have been reduced to much lower rates, as is discussed in later sections of this report.

When reviewing the historic geomorphology of the Connecticut River, three primary factors are identified
as causing the reduction in erosion rates after the 1940’s, including: (1) the relative lack of floods in recent
decades of the magnitude of those which occurred prior to the 1940°s which resulted in substantial erosion
and damage (including the flood of 1936); (2) construction of flood control projects throughout the
Connecticut River watershed following the flood of 1936; and (3) construction or raising of mainstem
Connecticut River dams which reduced river velocities and shear stresses. Each of these potential factors
is discussed in more detail below.

The devastating flood of 1936 caused significant damage, erosion, and channel changes to occur throughout
New England and, more specifically, the Connecticut River watershed. During a two week period in March
of 1936 New England was impacted by a combination of rainfall and snowmelt that totaled over 10 inches.
The rainfall and snowmelt, combined with ice jams at certain locations in the river, resulted in the most
severe flooding that has ever occurred. The flood of 1936 continues to be the flood of record and also
resulted in new flow records from Hartford, CT all the way up to northern New Hampshire which still stand

today (Grover, 1937).

Specific to the TFI, the flood of 1936 caused significant erosion and channel change at several locations.
As noted in Field (2007), the flood of 1936 spread across the floodplain with enough force that a new
channel 20 ft. deep across was cut across Moose Plain and around Schell Bridge. Similar avulsion channels
were also observed immediately north of Munns Ferry, across Bennett Meadow near the Rt. 10 Bridge, and
on Pine Meadow downstream of Kidds Island; however, only the channel north of Munns Ferry is believed
to have formed as a result of the 1936 flood, the others may have been the result of earlier floods (Field,
2007).

Examples of erosion and channel change that occurred during the 1936 flood can be seen by comparing the
1929 to 1939 aerial photographs. As described by Field (2007), an avulsion channel formed behind the
Schell Bridge as a result of the flood. Access to this new channel would later be blocked with riprap placed
by government works projects in an effort to close the avulsion and maintain the existing channel. Even
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decades after the 1936 flood, remnants of the avulsion channel can be seen (Figures 2.3.2-4 — 2.3.2-7)
(Field, 2007). Another example of erosion and change resulting from the 1936 flood can be seen by
comparing 1929 to 1939 photographs in the vicinity of Stebbins Island down to the confluence with the
Ashuelot River (Figures 2.3.2-8 — 2.3.2-9).

In addition to the flood of 1936 there were numerous other historic floods which have been noted, including:
1763, 1854, 1857, 1862, 1869, and 1870 (Hemenway, 1891) as well as 1639 (Kinnison et al., 1938), 1896
(Bain, no date), 1866 (Scott, 2005) and 1824. The 1824 flood was noted to have “washed out the South
Hadley Dam, Turners Falls Dam, and the small dam built below the confluence of the Millers River
(Pressey, 1910).” Floods of these magnitudes have not occurred since the late 1930’s.

As a result of the severe damage associated with the 1936 flood, a series of flood control projects were
constructed in the Connecticut River watershed by the USACE. Examination of instantaneous water year
flood peaks at the Montague USGS gage show that peak flows have declined in recent decades (Figure
2.3.2-10). While some of this decline in peak flows could be due to natural long-term hydrologic cycles, a
significant part of the decline may be attributed to the success of the numerous flood control projects in the
watershed. In addition to showing the instantaneous water year peak flow from 1904-2014, Figure 2.3.2-
10 also depicts the average peak flow for four time periods as a means of comparison; these time periods
include:

e 1904-2014 (representing the entire period of record other than 2015);

e 1904-1960 (pre-flood control through flood control development);

e 1961-2014 (post-flood control period); and

e 2000-2014 (Study 3.1.2 investigation period)
Finally, as mainstem dams were constructed or raised at various locations along the river, the velocities and
shear stresses decreased. In a report entitled “Connecticut River Streambank Erosion Study Massachusetts,
New Hampshire and Vermont,” US Army Corps of Engineers (USACE, 1979), the effect of dams along

the mainstem of the river was explained as follows, “Dams deepened the water and slowed velocities such
that bank erosion due to the flowing water was reduced.”

The 1979 study also compared reaches of the river not affected by the dams to those where dams formed
narrow pools. An analysis of forces was conducted from a theoretical perspective. Based on this analysis
the report found that theoretically the natural river is roughly 1.34 times more susceptible to major bank
erosion than impoundments created by dams (USACE, 1979). The Corps then compared the number of
erosion sites per mile for the natural segments of the river compared to those impounded by hydropower
dams. The results of this analysis found that the number of erosion sites per mile for the natural river was
0.92 while for impounded areas it was 0.68 indicating that the natural river is 1.35 times more susceptible
to bank erosion than impoundments (USACE, 1979). The Corps went on to conclude in its report that the
presence of impoundments reduces bank erosion on the order of 34% compared to the natural river (USACE
1979).
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Figure 2.3.2-1 Riverbank Comparison 1831 to 1958 (Reid, 1990)
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Figure 2.3.2-2 Riverbank Comparison 1887, 1936, and 1977 (Reid, 1990)


https://intranet.gsweb.info/flims/DocumentDevelopment/2017_Study_3_1_2/Figure_2_3_2_2.pdf
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Figure 2.3.2-3 Riverbank Comparison 1880 to 1977 (Reid, 1990)


https://intranet.gsweb.info/flims/DocumentDevelopment/2017_Study_3_1_2/Figure_2_3_2_3.pdf
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Figure 2.3.2-4 Connecticut River in the vicinity of Schell Bridge, 1929 (a)


https://intranet.gsweb.info/flims/DocumentDevelopment/2017_Study_3_1_2/Figure_2_3_2_4.pdf
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Figure 2.3.2-5 Connecticut River in the vicinity of Schell Bridge, 1939 (b)


https://intranet.gsweb.info/flims/DocumentDevelopment/2017_Study_3_1_2/Figure_2_3_2_5.pdf

Northfield Mountain Pumped Storage Project (No. 2485) and Turners Falls Hydroelectric Project (No. 1889)
STUDY 3.1.2 NORTHFIELD MOUNTAIN / TURNERS FALLS OPERATIONS IMPACTS ON EXISTING EROSION AND POTENTIAL BANK INSTABILITY

Erosion behind
Schell Bridge

Figure 2.3.2-6 Erosion behind Schell Bridge, 1939 (c)


https://intranet.gsweb.info/flims/DocumentDevelopment/2017_Study_3_1_2/Figure_2_3_2_6.pdf
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Figure 2.3.2-7 Abandoned avulsion channel behind Schell Bridge (d) (Field, 2007)


https://intranet.gsweb.info/flims/DocumentDevelopment/2017_Study_3_1_2/Figure_2_3_2_7.pdf
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Figure 2.3.2-8 Stebbins Island — Ashuelot River, 1929 (a)
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Figure 2.3.2-9 Stebbins Island — Ashuelot River, 1939 (b)
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Figure 2.3.2-10 Annual Peak Streamflow — Montague, MA 1904-2014 (USGS)


https://intranet.gsweb.info/flims/DocumentDevelopment/2017_Study_3_1_2/Figure_2_3_2_10.pdf
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2.3.3  Analysis of historic datasets — Turner Falls Impoundment

In addition to the historic analysis of the Connecticut River described in the previous section, FirstLight
also attempted to conduct a historic geomorphic assessment specific to the TFI. As discussed in the RSP,
the goal of this assessment was to provide context when discussing the modern geomorphology of the TFI
through the use of available aerial photographs and ortho-photos, historic survey information, and other
historic datasets. FERC’s September 13, 2013 SPDL further recommended that FirstLight perform the
historic geomorphic assessment using available mapping such as the 1970 vintage ground survey data (i.e.
the Exhibit K drawings) to analyze trends in bank position within the TFI. In accordance with the RSP and
FERC SPDL, FirstLight attempted to use the following datasets when conducting this assessment: 1952,
1961, and 1970 aerial photos, the 1971 Exhibit K drawings, and 2014 ortho-photos obtained from MassGIS
and New Hampshire Geographically Referenced Analysis and Information Transfer System (NH GRANIT).
Comparison of these datasets were plagued by numerous challenges and limitations which prevented this
comparison from yielding any meaningful results.

The first challenge that was encountered when conducting this assessment was relative to the Exhibit K
drawings. The original Exhibit K drawings were developed in the late 1960’s and early 1970’s by Gordon
Ainsworth Associates through a combination of aerial imagery, photogrammetry, and ground surveys. The
original Exhibit K drawings contained information pertaining to the project boundary, minimum and
maximum flow lines, ownership rights, topography, and miscellaneous facility details. National Map
Accuracy Standards suggest that this mapping should have been compiled to an accuracy of 1/40™ of an
inch, which translates to +10 feet. The original drawings were hand drawn and existed in hard copy format
only. FirstLight scanned the hard copy drawings, imported them into ArcGIS, and georeferenced them
using coordinates given on the maps in NAD27 Massachusetts State Plane coordinate system.

Upon preliminary review of the drawings, it appeared that the Minimum Flow Line depicted the edge-of-
water, however, as the drawings were reviewed more closely that did not appear to be the case. Furthermore,
it is unclear how the location of the Minimum Flow Line was identified and what mapping methods were
used to develop the original maps. FirstLight also explored the possibility of developing correlations
between the Minimum Flow Line depicted on the original Exhibit K drawings and existing surveyed cross-
sections of the river to determine the location of the edge-of-water at the time the original drawings were
developed, however, that effort proved unsuccessful. The location of the Maximum Flow Line was also
reviewed to determine if it could be used to conduct the analysis FERC recommended. Upon review of the
drawings it became clear that the Maximum Flow Line would not be an accurate representation of the edge-
of-water given that its location extends into the floodplain a far distance from the actual river channel in a
number of locations.

Given that the Exhibit K drawings did not contain any information that could be used to determine the edge-
of-water, top of bank, or toe of bank they were not useful in conducting a historic geomorphic assessment
of the TFI and therefore were not used.

Focus then turned to comparing the 1952, 1961, and 1970 aerial photos with more recent ortho-photos.
While the historic aerial photographs were useful for general or site specific observations of the TFI
geomorphology at that time, direct comparison of the edge-of-water or riverbank position of the historic
photographs with the more recent ortho-photos did not yield useful results given that the historic aerial
photographs were taken before the Turners Falls Dams was raised’ (1952 and 1961) or during construction
modifications to the dam (1970). When comparing the 1952 and 1961 historic photos with the more recent
ortho-photos it was unclear if changes in the position of the edge-of-water were the result of changes in
riverbank position or simply the result of changes in water level due to the raising of the dam. Comparisons

7 The Turners Falls Dam was raised approximately 6 feet in 1970 as part of the construction of the Northfield
Mountain Project.
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of the edge-of-water from the 1970 aerial photographs with the more recent ortho-photos also proved to not
be useful since the water levels in the TFI were drawn down significantly at the time the 1970 photos were
captured to accommodate the construction modifications of the dam.

Due to the limitations discussed above and in Section 2.3.1, a historic geomorphic assessment via
comparison of edge-of-water or riverbank position over time was not possible with the available data. While
such a comparison did not yield useful results, the historic aerial photographs still provided valuable
insights into geomorphic trends when used to examine and compare the condition of specific sites over
time. The results of these site specific evaluations and comparisons are discussed in the following section.

2.3.4  Analysis of the 20 Erosion Sites Identified in the Erosion Control Plan

In 1998 a FRR survey was conducted to document riverbank features, characteristics, and conditions
throughout the TFI. From this, the Erosion Control Plan (ECP) was developed which identified the 20 most
severely eroding sites in the TFI (S&A, 1999). The location of the 20 sites is shown in Figure 2.3.4-1. As
part of the historic geomorphic assessment discussed in this section, historic aerial photographs were
utilized to evaluate riverbank conditions at the 20 sites identified in the ECP. Table 2.3.4-1 includes a
summary of these sites and a comparison of their current status relative to their condition prior to the Turners
Falls Dam being raised and the Northfield Mountain Project commencing operation.

Historic aerial photographs from the 1952 and 1961 were analyzed to identify riverbank conditions at each
of the 20 most severely eroded sites noted in the ECP. Aerial photographs from these time periods were
selected for two main reasons including: (1) they represented conditions in the TFI prior to the raising of
the Turners Falls Dam and commencement of Northfield Mountain operations, and (2) they represented
riverbank conditions before the shoreline stabilization projects were constructed as part of the ECP. Volume
IIT (Appendix B) contains a full set of figures depicting the conditions at each of the 20 sites identified in
the ECP as they appeared in the 1952 and/or 1961.

Based on the results of this analysis it is observed that of the 20 erosion sites identified in the ECP, 14
appear to be eroded prior to raising the Turners Falls Dam and construction/operation of the Northfield
Mountain Project. Sites which appear to exhibit erosion in the 1950’s and 1960’s include:

. Vernon Dam . Split River
(Site #1) (Site #13)
. Route 10 Bridge . Country Road
(Site #5) (Site #14 and #20)
. Flagg . Stebbins Island
(Site #7) (Site #15)
o Kendall . Kaufthold
(Site #9) (Site #16)
o River Road . Montague
(Site #10) (Site #17)
o Urgiel Downstream . Campground Point
(Site #11) (Site #18)
o Durkee Point
(Site #12)

Of the 6 remaining sites, one was potentially eroded prior to the Project (Urgiel Upstream - #4), while at
the five other sites riverbank conditions are unclear based on the quality of the aerial photographs. Sites
where riverbank conditions are unclear include:

2-30



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

STUDY 3.1.2 NORTHFIELD MOUNTAIN / TURNERS FALLS OPERATIONS IMPACTS ON EXISTING
EROSION AND POTENTIAL BANK INSTABILITY

o Turners Falls Rod & . Un-named site
Gun Club (Site #2) (Site #8)

. Bennett Meadow . Davenport or Upper
(Site #3) Island (Site #19)

. Skalski
(Site #6)

It is significant that a vast majority of the most severely eroded sites identified as part of the 1998 ECP
were eroded in the 1952 and 1961 aerial images, prior to raising the Turners Falls Dam and construction of
the Northfield Mountain Project.

In addition to the 20 erosion sites identified in the ECP, analysis of the historical aerial photographs revealed
several other sites in the TFI that were eroding prior to the raising of the Turners Falls Dam and
construction/operation of Northfield Mountain. These additional sites included: the right bank near the
downstream end of Stebbins Island, the right bank across from the Ashuelot River confluence, the left bank
across from Rock Island, the left bank across from the Mt. Hermon School, the left bank across from
Bennett Meadow, and the right bank across from the future location of the Northfield Mountain tailrace. It
is instructive to follow what has occurred at these eroded sites over time based on aerial photos, FRRs or
other available observations:

e Right bank near downstream end of Stebbins Island: Recent aerial photos and FRR observations
show that a narrow zone of riparian vegetation has developed on this previously eroded area
indicating natural stabilization is occurring;

e Right bank across from Ashuelot River confluence: A narrow zone of riparian vegetation has
become established on this previously eroded bank based on aerial photos and FRR observations;

o Left bank across from Rock Island: Eroded riverbank shown in the 1952 and 1961 aerial
photographs now supports a narrow band of riparian vegetation based on recent aerial photographs;

o Left bank across from the Mt. Hermon School: The 1952 and 1961 photographs show eroded
conditions with virtually no riparian vegetation. A zone of riparian vegetation becomes established
and grows as seen on the 1990’s and more recent aerial photographs and confirmed by FRR
observations;

o Left bank across from Bennett Meadow: Experimental riverbank protection was placed along this
segment of bank by the USACE in the 1970’s including articulated blocks on fabric and tires placed
in various configurations; and

e Right bank across from Northfield Mountain Tailrace: Rock from the construction of Northfield
Mountain was placed at the toe of this eroded riverbank. Vegetation has become established on the
upper bank as shown in the series of aerial photographs and FRR observations.

Volume III (Appendix B) includes images of historical aerial photographs depicting erosion in 1952 and
1961 in these areas.
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Table 2.3.4-1: Status of the 20 Erosion Sites Identified in the ECP

Site # Site Name Current Status (2014) Pre-Northfield Mtn. Status
Not selected for stabilization due | Eroded: Erosion evident in 1952 with
1 Vernon Dam to extreme hydraulic conditions continuing erosion through 2008-2010
associated with Vernon spillway photos.
Turners Falls Rod qe o Condition changed considerably due to
2 & Gun Club Stabilized in 2004 raised water level and construction of club.
3 Bennett Meadow | Stabilized in 2005 Condition unknown based on aerial photos.
4 Urgiel Upstream | Stabilized in 2001 Potennally eroded: sparse riparian vegetation
in 1952 photo.
Not 5¢ lected for stablhza'.u.on dge Eroded: Photos used in this analysis as well
. to unique hydraulic conditions in . . .
5 Route 10 Bridge LA as earlier photos from analysis associated
the vicinity of the Route 10 . . . .
. with Route 10 bridge show ongoing erosion.
Bridge
Condition unknown based on aerial photos:
The left bank of the river in the vicinity of
Kidds Island has a band of riparian
vegetation in the 1952, 1961 and 1990s
6 Skalski Stabilized in 2004 photographs. While not apparent in the
photographs, erosion had been occurring
along this bank and was identified in the
ECP and stabilized in 2004 as the Skalski
site.
Eroded: The right bank across from Kidds
7 Flagg Stabilized 1999-2000 Island was sparsely vegetated in 1952 and
1961 with ongoing erosion in the 1990s.
8 Un-named Not sglected for stabilization - Condition unclear based on aerial photos.
opposite great meadow
Eroded: In 1952 there is some riparian
9 Kendall Stabilized in 2007 vegetation on thc? rlght bgnk but 'by the 1961
photograph erosion is evident with no
riparian vegetation remaining.
Eroded: On the inside of the bend along the
left bank erosion has occurred over time with
10 River Road Stabilized in 2003 the b ank moving 1§1ndward comp ared to thg
project boundary line as noted in changes in
the bank from the 1952 to 1961 and
subsequent photographs.
Eroded: At a bend in the river upstream of
Ureiel Kidds Island the 1952 photograph shows a
11 & Stabilized in 2005 reach with some riparian vegetation. The
Downstream )
1961 photograph shows erosion and
associated decrease in riparian vegetation.
12 Durkee Point | Stabilized in 2003 Eroded: 1952 and 1961 photographs show
erosion and lack of riparian vegetation.
o St.ablllzed in 2009 (Lower Spht Eroded: 1952 and 1961 photographs show
13 Split River River) and 2010 (Upper Split . L .
River) erosion and lack of riparian vegetation.
de o . . Eroded: The 1961 photograph shows erosion
14 Country Road Stabilized in 2006 (includes site and a significant reduction in riparian

#20)

vegetation.
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Site # Site Name Current Status (2014) Pre-Northfield Mtn. Status
Eroded: Downstream end of island has
15 Stebbins Island | Not selected for stabilization narrowed through erosion from 1952 to
2008-2010.
Eroded: Bathory-Gallagher — Upstream of
the tailrace along both banks there was a
band of riparian vegetation in the 1952
Upper Split River stabilized 2010, | photograph. By the 1961 photograph the
16 Kaufhold Bathory-Gallagher stabilized riparian zone appear to have decreased and
2012-2013 erosion is evident.
Eroded: Upper Split River — 1952 and 1961
photographs show erosion and lack of
riparian vegetation.
Stabilized by preventative ) . . .
17 Montague maintenance in 2008 Eroded: Erosion evident in 1961 photograph.
Campground Stabilized by preventative ErO(.ied: Some erosion is evident in th? .
18 Point maintenance in 2008 earlier photographs such as 1952 continuing
through the 2008 aerial photo
19 Davenport or Not selected for stabilization Condltlon uqknown basgd on aerial photos
Upper Island (incomplete imagery available).
e . Eroded: The 1961 photograph shows erosion
20 Country Road 850 ft stabilized in 2006 (included and a significant reduction in riparian

as part of site # 14)

vegetation.
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2.4 Geomorphic Analysis of Tributaries and Upland Erosion Features

Tributaries also play an important role in the geomorphology of the Connecticut River and TFIL. The energy
associated with water flowing from the higher elevations of the surrounding hillsides and mountain ridges
tends to erode sediment from the tributary watersheds which is then transported to the mainstem. Inflow
and sediment loads from the tributaries can result in both deposition and erosion in the mainstem. For
example, during Tropical Storm Irene several inches to a foot or more of sediment was deposited at various
locations along the banks of the TFI due to severe erosion farther upstream, particularly from tributaries.
Conversely, erosion has been known to occur in the vicinity of various tributary confluences throughout
the TFI based on observations of the river at confluences with tributaries and aerial photographs.

The tributaries draining into the TFI have a wide range watershed sizes. The drainage area at the Vernon
and Turners Falls Dams are 6,266 mi? and 7,163 mi?, respectively, a difference of 897 mi’. The two main
tributaries to the TFI are the Millers and Ashuelot Rivers which have drainage areas of 390 mi* and 420
mi? at the confluence with the Connecticut River (combined 810 mi?) respectively. The combined drainage
area of the two tributaries accounts for 88% of the drainage between the Vernon and Turners Falls Dam’s.
Figure 2.4-1 to Figure 2.4-4 depict these tributaries. The Millers and Ashuelot Rivers have eroded down to
stable beds consisting of rock such that little additional erosion of the beds of these two tributaries is
possible. Other tributaries are quite steep with beds consisting of gravel, sand or finer material which are
erodible and are in the process of erosion, incision, and channel widening. The other TFI tributaries include
16 named and 20 unnamed tributaries which account for the remaining 87 mi®. The 16 named TFI tributaries
include:

o Ashuelot River . Bennett Brook

o Newton Brook . Merriam Brook

o Pauchaug Brook . Otter Run

o Bottom Brook . Ashuela Brook

o Mill Brook . Dry Brook

o Mallory Brook . Pine Meadow Brook
o Millers Brook . Fourmile Brook

o Roaring Brook . Millers River

Figure 2.4-5 denotes the tributaries of the TFI. Erosion is often the dominant process at the confluence of
tributaries and the Connecticut River/TFI as channels are often cut through the riverbanks as the tributary
flows into the mainstem. To the extent tributaries are eroding, incising and expanding; the tributary erosion
evolution as it interacts with riverbanks of the mainstem at the confluence may extend the tributary erosion
processes to the mainstem in localized areas. As a tributary enters the main river, flow in the tributary can
attack the side of the riverbank through which it flows. As a result the main riverbank can be attacked from
the main river on the front side of the bank as well as on the side from the tributary. When a tributary
meanders as it approaches the main river, flow in the tributary can also attack the back side of the main
riverbank.

In addition to tributaries, upland erosion features have also been observed to contribute to riverbank erosion
in the TFL. Upland erosion features, if they connect to the main river act as small tributaries. In such cases
an upland erosion feature can attack the side or back of the main riverbank as does a tributary. Analysis of
LiDAR data and USGS maps indicate that several upland erosion features are present throughout the study
area. These upland erosion features have been observed to form drainage patterns that also contribute inflow
to the TFI. To more closely examine the potential impact these upland erosion features and drainage patterns
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may have on the geomorphology of the TFI, contours derived from LiDAR data® of the study area were
overlaid on current ortho-photos. Observations made from the LiDAR data were compared against photos
collected in the field during the 2013 FRR and subsequent field work associated with this study. Volume
III (Appendix C) contains examples of the upland erosion features identified during this analysis.

Further observations of the locations of tributaries and upland erosion features in the TFI finds that a number
of the 20 most severely eroded sites identified in the ECP, as well as some erosion sites selected for
stabilization in recent years, are located in the immediate vicinity of these features. Table 2.4-1 examines
the 20 sites identified in the ECP plus 5 sites recently recommended for stabilization. Of these 25 sites, 16
are directly adjacent to tributaries or upland erosion features. At the 9 remaining sites other factors adversely
affect riverbank stability. Two have unusual and extreme hydraulic conditions (S&A, 2012a), four have a
very narrow riparian zone adjacent to agricultural activity, one is located at a very narrow tip of an island,
while the remaining two have other factors contributing to erosion.

Table 2.4-1: Review of Erosion Sites Identified in the ECP Compared to their Proximity to Tributaries or
Upland Erosion Features

Presence of
Site #/ Name tributaries /upland Observations
erosion features

While there are no tributaries/upland erosion feature,
erosion is caused by the rapid current, turbulence and
eddying caused by the Vernon Dam gates that release
water from the left side of the structure near the bank.
Topography shows ravine and alluvial fan shaped

Rod & Gun Club Yes feature along with disturbance due to development
(road, boat dock).

Agricultural terrace with little to no riparian zone (see
ECP, site 3).

Topography modified by stabilization but upstream and
downstream upland erosion/damage features can be seen
and aerial photo and field observations indicate such
Urgiel upstream Yes features. Seepage through area was observed. Linear
erosion feature extends through part of site and extends
upstream several hundred feet (unknown cause but
downslope from ponds.

Extreme hydraulic conditions with eddying and strong
currents from rocky point across river between old and

Vernon Dam No

Bennett Meadow No

Route 10 Bridge No new bridges. One upland erosion/drainage feature.
Adjacent to agricultural field with narrow riparian zone.
Skalski Yes Next to tributary.
Flagg Yes Tributary (Otter Run Brook) splits two sections of

stabilization.

8 LIDAR data of the Connecticut River was collected by US Imaging from April 26-28, 2013 (leaf off) during normal
river flows. The data was collected using an Optech M-300 Orion LiDAR Sensor and Integrated CS-10000 Digital
CameraAircraft— Cessna T210N — N6258YQA. The LiDAR data was checked against the independently obtained
QA/QC points throughout the project area and was found to have a Root Mean Square Error (RMSE) for the sample
(RMSEz) of 6.1cm (vertical). The digital imagery was checked against more than 60 photo targets and Photo ID points
along the project corridor and was found to have better than 12 cm horizontal standard deviation.
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Presence of

Site #/ Name tributaries /upland Observations
erosion features
Tributary and several upland erosion features in the
ECP Site #8 Yes vicinity. Adjacent to gravel pit/quarry and downgradient
from Sawyer Ponds.
Agricultural field, adjacent to abandoned railroad bridge
Kendall No with failed concrete pier which fell into the river and
directs current towards riverbank.
River Road Yes Site of gully activity
Modified topography from stabilization changed
. landscape but observations indicate drainage paths and
Urgiel downstream Yes . .
wetlands uplands from site exist as does seepage
through area.
Durkee Point Yes Adjacent to tributary.
ECP Site #13 Yes ;l;ia:;smon between ag, hillside, drainage and trail to
Countrv Road Yes Tributary flows around from behind stabilized section
Y and joins river on the downstream end of stabilization.
Stebbins Island No Narrow, downstream tip of island.
Bathory/Ge}llagher Upper No Agricultural terrace with narrow riparian zone.
Split River
Montague Yes Numerous upland erosion features.
Steep slope with road above and topographic
Campground Point No irregularities which could be associated with upland
erosion features.
ECP Site #19
(Right bank d/s Upper or No Agricultural terrace with narrow riparian zone.
Davenport Island)
Countrv Road Yes Tributary flows around from behind stabilized section
Y and joins on the downstream end of stabilization.
Bonnette Farm Yes Adjacent to Ashuelot River.
Segment 12 (2013 FRR) Yes Numerous upland erosion features.
Segment 75 (2013 FRR) Yes Adjacent to tributary
Segment 87 (2013 FRR) Yes Adjacent to tributary
Shearer Yes Adjacent to tributary
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Figure 2.4-1: Ashuelot River — Hinsdale, NH (September 2015)
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Figure 2.4-3: Millers River Confluence with Connecticut River (during Tropical Storm Irene)
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2.5 Erosion comparison of the Turners Falls Impoundment and Connecticut River

S&A conducted a study which compared erosion along the extent of the Connecticut River from Holyoke
Dam (Holyoke, MA), upstream through various hydropower impoundments (including Turners Falls,
Vernon, Bellows Falls, and Wilder), and continuing to the un-impounded, free-flowing reach from Gilman
Dam to Pittsburg, NH (S&A, 2012b). The study reach was approximately 240 miles long. The study was
conducted partially in response to recommendations made in Field (2007) which presented a list of “highest
priority recommendations.” One of the priority recommendations identified by Field (2007) was to study
the patterns of erosion in other reaches of the Connecticut River for comparative purposes.

The study found that riverbank features and characteristics vary considerably along the length of the river.
While portions of the river consist of bedrock outcrops that are very stable, much of the riverbanks consist
of hillsides or alluvial material that are formed primarily of silt to sand sized material. There are areas that
consist of gravel to cobble sized material that are generally less erodible but still are alluvial or transportable
by fluvial processes. Much of the riverbanks are quite well vegetated, which generally adds to riverbank
stability, although there are segments where a range of erosion and mass-wasting processes remove or
damage vegetation and associated riparian land. Riverbank erosion was compared among various reaches
to the extent feasible with available data as well as through photographs taken over the years at erosion
sites. Key conclusions from this report found that (S&A, 2012b):

o The segment of river with the greatest extent of eroding riverbanks is the un-impounded northern
reach (Pittsburg, NH down to Gilman Dam). At the time of the available study, 48.4% of the
riverbanks were experiencing moderate or more significant erosion (Field, 2004). Riverbanks that
had been rip-rapped covered 17.1% of the length of the river.

e Several erosion sites were identified and photographed in the Bellows Falls, Vernon, Turners Falls,
and Holyoke Impoundments in 1997, and again in 2008. All of the erosion sites in 1997 in the
Bellows Falls and Holyoke Impoundments and all but one of the 1997 erosion sites in the Vernon
Impoundment remained in essentially the same state of erosion when photographed in 2008. Many
of these sites were significant in both size and severity. In contrast, most of the erosion sites
identified in the TFI in 1998 have been stabilized and were no longer eroding as of 2008.

e In addition to direct stabilization of many of the erosion sites in the TFI that were identified in the
1998 ECP, there is evidence of some natural stabilization processes including increased upper bank
vegetation and areas of dense low bank aquatic vegetation that are helping provide a degree of
additional stability in some areas.

e Despite the fact that similar percentages of riverbank have been stabilized in the northern, free-
flowing reach as in the TFI; the percentage of erosion in the TFI is only about one-third the extent
of erosion that is occurring in the northern, free-flowing reach of the Connecticut River (16.7%
compared to 48.4%).

e Because riverbank erosion in the TFI is significantly less than in the northern free-flowing reach,
erosion sites in other impoundments (Bellows Falls, Vernon, and Holyoke) continued eroding from
1997 to 2008, and many erosion sites have been stabilized in the TFI (including evidence of natural
stabilization processes) it can be concluded that the riverbanks in the TFI are in the best condition
(more stable and less eroding) than in any other part of the Connecticut River that was examined
as part of the 2012 study.

e The TFI, which experiences water level fluctuations due to a combination of run of river/peaking
power and pumped-storage hydropower operations, has less riverbank erosion than the other

2-48



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

STUDY 3.1.2 NORTHFIELD MOUNTAIN / TURNERS FALLS OPERATIONS IMPACTS ON EXISTING
EROSION AND POTENTIAL BANK INSTABILITY

impoundments (Wilder, Bellows Falls, Vernon, and Holyoke) which only experience water level
fluctuations resulting from run of river and peaking power operations and do not experience
additional fluctuations due to pumped-storage operations. The TFI also experiences significantly
less erosion than the northern, free-flowing reach which has no hydropower operations and
associated water level fluctuations.

Significant erosion has been occurring and is ongoing in the un-impounded (free-flowing) reaches of the
Connecticut River as well as in the impoundments other than the TFI as documented in the comparison
report. Examples of erosion in these reaches of river are shown photographically in Figures 2.5-1 through
2.5-10. Figure 2.5-1 shows large-scale and severe erosion in a free-flowing reach of the river. An example
of some of the erosion sites located in 1997 in the Bellows Falls Impoundment is shown in Figure 2.5-2,
while other erosion examples in the Vernon and Holyoke Impoundments are shown in Figures 2.5-3 and
2.5-4.

The erosion sites identified in 1997 were revisited in 2008 to photographically document any changes that
might have occurred since 1997. Sets of photographs showing 1997 and 2008 images at the same sites are
presented in Figures 2.5-5 and 2.5-6 for the Bellows Falls Impoundment; Vernon — Figures 2.5-7 and 2.5-
8; and Holyoke — Figures 2.5-9 and 2.5-10. For these three impoundments, erosion sites in 1997 were
observed to be in the same eroding condition in 2008.
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Figure 2.5-1: Erosion of Glacial Outwash Deposits in Un-impounded Reach of Connecticut River
(Field, 2004)
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Figure 2.5-2: Erosion sites 4-7, Bellows Falls Impoundment (1997)
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Figure 2.5-3: Erosion sites I-K, Vernon Impoundment (1997)
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Figure 2.5-4 Erosion sites A and B, Holyoke Impoundment (1997)
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Figure 2.5-5: Bellows Falls Impoundment — Location 8 (1997)

Figure 2.5-6: Bellows Falls Impoundment — Location 8 (2008)
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Figure 2.5-7: Vernon Impoundment — Location I (1997)

Figure 2.5-8: Vernon Impoundment — Location I (2008)
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Figure 2.5-9: Holyoke Impoundment — Location D (1997)

Figure 2.5-10: Holyoke Impoundment — Location D (2008)
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2.6 Summary Discussion of the Geomorphology of the Connecticut River

Recent geomorphic history® suggests that the Connecticut River was formed by the retreat of a large glacial
lake (Lake Hitchcock) following the last ice age. As the Connecticut River formed it cut down through
sediment that had been deposited in Lake Hitchcock, changing from a depositional to erosional geomorphic
feature. The Connecticut River, with the exception of rare bedrock lined sections such as the French King
Gorge, is an alluvial river. Alluvial rivers by definition continue to adjust over time through processes of
aggradation, degradation, scour, deposition, lateral migration, and bank erosion. Given this, although the
river has reached a state of dynamic equilibrium over time, some degree of erosion is expected to continue.
According to Leopold et al. (Leopold et al., 1964), an ideal natural channel in equilibrium essentially means
that the channel size generally retains an overall unchanging average size, with erosion in one place
balanced by deposition in another, resulting in a channel changing its position over time. That is, the form
of the cross-section is stable, but the position of the channel is not.

Various groups have evaluated and analyzed erosion over time by examining historic maps, aerial
photographs, and other datasets ranging from the 1700’s to present day. Historic geomorphic comparisons
and analyses, while limited by their accuracy, provide valuable context and insights into the modern
geomorphology of the Connecticut River. Historic observations (prior to the 1940’s) found that the
Connecticut River, in some locations, changed hundreds of feet up to approximately 1,000 feet. In recent
decades, comparisons of river change using aerial photographs found that measured riverbank changes were
typically within the accuracy of the analysis. The observation that the Connecticut River changed more
significantly prior to the 1940’s than later is believed to be due to three main reasons: (1) historic floods
which occurred prior to the 1940’s have not occurred of the same magnitude since (e.g., the flood of 1936);
(2) construction of flood control projects throughout the Connecticut River watershed following the flood
of 1936 have resulted in reduced flood peaks; and (3) construction or raising of mainstem Connecticut River
dams have reduced river velocities and shear stresses. Due to these factors, and others, the potential for
erosion was higher prior to the 1940’s than compared to recent decades.

In addition to the historic geomorphology of the Connecticut River it is also important to understand the
modern geomorphology and topography when evaluating causes of erosion. Available USGS maps indicate
that 36 named and un-named tributaries enter the TFI while analysis of available LIDAR derived contour
information demonstrates that numerous upland erosion features have formed in the land surface in the
vicinity of the river. These tributaries and upland erosion features were formed via erosion processes and
result in additional inflow to the TFI. When evaluating the 20 most severely eroded sites identified in the
ECP (S&A. 1999), as well as several sites recently recommended for stabilization, it was found that the
majority of the sites were located at tributaries and upland erosion features. Additionally, through
comparisons of historic aerial photographs from 1952 and 1961 it is observed that the majority of these
sites were eroded prior to the raising of the Turners Falls Dam and operation of the Northfield Mountain
Project.

The dynamic nature of the Connecticut River is evident by how riverbank erosion occurs to one degree or
another throughout its length in both free-flowing and impounded reaches. Simons & Associates (2012b)
conducted a comparison study to evaluate the varying erosion conditions throughout the Connecticut River
from Holyoke Dam (Holyoke, MA) to Pittsburg, NH (240 mile long reach), which included both free
flowing and impounded reaches. The study found that the segment of river with the greatest extent of
eroding riverbanks was actually the un-impounded northern reach (Pittsburg, NH down to Gilman Dam),
further illustrating the alluvial nature of the Connecticut River. This is consistent with the findings of the

% Recent geomorphic history is considered as beginning at the end of the last ice age when the Connecticut River
formed as Lake Hitchcock drained. Modern or current geomorphology is considered as being the time period over the
past few hundred years as development occurred in the watershed.
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USACE who noted in their 1979 erosion study that: (1) erosion in free flowing, un-impounded reaches was
1.35 times more likely to occur than in impounded reaches, and (2) the presence of impoundments reduces
bank erosion on the order of 34% (USACE, 1979).
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3 POTENTIAL CAUSES OF EROSION

One of the main objectives of this study was to evaluate and identify the causes of erosion, and the forces
associated with them, throughout the TFI. Erosion occurs when the forces that act on a riverbank exceed
the forces that resist movement of riverbank material. Forces acting on a riverbank that may cause erosion
range from flowing water against the riverbank to rapid water level fluctuations, ice, boat waves, or land-
use, to a name a few. While there are multiple causes of erosion there are also multiple riverbank
characteristics and phenomena that resist the forces that can lead to erosion. These could include, among
others, the size or size distribution of soil particles that form the riverbank, the cohesion and frictional
properties of the soil particles, vegetation, and bank geometry. Riverbank erosion or stability is the result
of a complex interaction between riverbank features and characteristics, the forces that cause erosion, and
the resistance to erosion that the riverbank provides.

While there are many different forces which can lead to erosion, actual riverbank erosion generally falls
into two primary process categories: 1) particle by particle erosion of surficial materials, or 2) mass wasting.
Mass wasting is defined as the process where riverbanks experience movement of blocks or other large
pieces of bank material downslope under the influence of gravity. Further complicating the riverbank
erosion process is that several processes of erosion may be occurring either simultaneously or in sequence
at one or more positions vertically or laterally in a segment of riverbank. For example, the river current may
gradually erode the lower portion or toe of the riverbank in a particle by particle process undercutting and
removing support for the upper riverbank. The upper bank may then collapse, rotate, or slide in a mass-
wasting event. The upper bank mass-wasting event could be caused by a number of factors, or combination
of factors, including a high flow event, wave action, seepage and positive pore-water pressure.

This section presents discussion of the causes of erosion, and the forces associated with them, which are
present throughout the TFI and which were the basis for this study.

3.1 Identification of Causes of Erosion

When initially developing the methodology for this study a list of potential causes of erosion present in the
TFI was developed and included in the RSP. This list was developed based on the geomorphic history of
the study area as well as past experience conducting FRR’s and other geomorphic evaluations of the
Connecticut River. The list of potential, contributing causes of erosion presented in the RSP included (in
no particular order):

e Hydraulic shear stress due to flowing water;

e  Water level fluctuations due to hydropower operations;
e Boat waves;

e  Wind waves;

e Land management practices and anthropogenic influences to the riparian zone (e.g., removal of
riparian vegetation, cattle grazing to the river’s edge, heavily traveled recreation trails, etc.);

e Animals;
e Seepage and piping;

o Freeze-thaw; and
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e Jce or debris

This potential list was then finalized and divided in the RSP into two classifications: 1) potential primary
causes of erosion, and 2) potential secondary causes of erosion. Potential primary causes of erosion were
those which were thought to be most prevalent throughout the TFI based on past experience conducting
geomorphic assessments on the Connecticut River, and other alluvial rivers, as well as from a preliminary
investigation of existing documentation. In accordance with the RSP, these causes were studied in great
detail at a number of detailed study sites throughout the geographic extent of the TFI. In addition to
encompassing the geographic extent of the TFI, the detailed study sites also exhibited the full range of
riverbank features and characteristics as observed during the 2013 FRR. The results from the various field
investigations which occurred at each site were then incorporated into BSTEM or were used for
independent, supplemental analyses as described in Section 5. Potential primary causes of erosion included
(in no particular order):

e Hydraulic shear stress due to flowing water;

o  Water level fluctuations due to hydropower operations;

e Boat waves;

¢ Land management practices and anthropogenic influences to the riparian zone; and
e Jce

During study plan development it was anticipated that potential secondary causes of erosion such as
animals, wind waves, seepage and piping, and freeze-thaw could be present at specific locations in the TFIL.
Based on the geomorphic understanding of the study area it was anticipated that these potential secondary
causes of erosion were likely to have minimal to no influence on erosion in the TFI (other than in any
specific locations where they may exist). Accordingly, these causes of erosion were analyzed sufficiently
to determine their relative contribution to erosion but not to the level of detail and specificity as the potential
primary causes of erosion mentioned above.

When the RSP was filed with FERC (August 14, 2013), ice was initially classified as a secondary cause of
erosion. Following the announced closure of VY in 2014 it was anticipated that Connecticut River water
temperatures would decrease which could potentially result in the increased presence of ice in the TFI
during the winter months. As a result of this potential change to the baseline conditions of the study, ice
was elevated from a potential secondary cause of erosion to a potential primary cause and studied in greater
detail during the winter of 2015-2016 in accordance with the methodology laid out in the addendum to the
RSP.

Each of the potential primary causes of erosion which were found to exist in the TFI, as well as the potential
secondary causes of erosion which were observed, are discussed in more detail below.

3.2 Erosion Processes

This section presents a more detailed discussion of the potential primary and secondary causes of erosion,
and the forces associated with them, which were found to be present in the TFI based on the results of the
analyses conducted as part of this study. Information pertaining to the methods, field studies, and data
collection pertaining to each cause can be found in Section 4 while details pertaining to the analysis of each
cause, and the forces associated with them, can be found in Section 5. Maps and information classifying
the cause(s) of erosion at each riverbank segment throughout the TFI can be found in Section 6.
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3.2.1  Hydraulic Shear Stress due to Flowing Water

As water flows downstream along a riverbank it exerts a force, often referred to as shear stress or tractive
force. Shear stress can be related to the velocity of flowing water. Shear stress increases with increasing
velocity or water surface slope of the flowing water. This force tries to remove soil particles whenever the
shear stress exceeds what is called the critical shear stress. For non-cohesive sediment particles (such as
sand, gravel, cobbles, and boulders), the critical shear stress depends on the size or weight of the particle.
Smaller, lighter particles are easier to move and transport than larger, heavier particles. As the velocity or
shear stress increases, the sizes of sediment particles that may be removed and transported increases, as
does the quantity of sediment that is transported. Thus, higher flows with higher velocities induce greater
stresses on riverbanks causing greater erosion and sediment transport. For cohesive soils (clay and to some
degree, silt) electro-chemical bonds cause sediment particles to be bound together such that erosion occurs
when hydraulic forces exceed the strength of these bonds. A critical shear stress or permissible velocity
may be used to describe the relationship between hydraulic forces (boundary shear stress) and whether or
not erosion of cohesive sediments may occur.

In addition to the simple concept of hydraulic shear stress exerted by the flow on riverbanks, there are
several natural tendencies of rivers that cause erosion. Irregularities in riverbank alignment and other non-
uniform flow conditions may cause the formation of eddies. An eddy is a circular pattern of flow that
separates or breaks away from the main direction of flow and is directed towards the riverbank, then
upstream along the bank, before completing a circular pattern returning again to a downstream direction
farther away from the bank. Eddies may cause riverbank erosion by increasing the velocity of flow adjacent
to the bank which may then induce further mass-movement of riverbank material.

Rivers do not flow in a straight path, they meander. Meandering is evident along the Connecticut River as
it bends and curves from side to side as it generally flows north to south. Meander bends tend to migrate
slowly downstream over time. These bends also become over-extended or compressed resulting in the
formation of cutoffs of bends and oxbow lakes. All of these processes result in migration of the river via
the ongoing erosion and deposition process.

Geomorphic processes of meandering and hydraulic processes of eddy formation tend to cause riverbank
erosion and movement of riverbanks through lateral migration and even avulsion. These processes were
considered in the analysis of riverbank erosion in the TFI.

3.2.2  Water Level Fluctuations

The water level in the TFI varies over time as a result of a number of factors including seasonal and other
hydrological flow variations and hydropower operations. Water level variations due to hydrological flow
variations can include snowmelt and rainfall runoff from the watershed which can vary on a daily (or
shorter) basis to seasonally. Water level variations due to hydrologic events take hours, days or weeks and
range from a few feet up to as many as 10 feet or more in magnitude in major runoff events. Storm events
or snow melt, from the upstream watershed or tributaries, drive these major flow variations.

Water levels in the TFI also vary due to hydropower operations from three projects that effect flow and
water level, including the Vernon Hydroelectric Project at the upstream end of the TFI, Northfield Mountain
(upstream of the French King Gorge), and Turners Falls Hydroelectric Project at the downstream end of
the TFI at Turners Falls Dam. Fluctuations due to the various hydropower operations occur on an hourly
basis with a magnitude on the order of 3 to 5 feet over a daily cycle; the FERC license permits a 9 foot
fluctuation as measured as the Turners Falls Dam.

As water rises, it infiltrates into the riverbank and, if sustained over a sufficient period of time, the high
water levels can saturate the soil to a certain depth. Water in the pore spaces within the riverbank material
increases the weight of the soil resulting in increased gravitational forces. The added weight can, in some
instances, overcome forces resisting movement of riverbank material to the point where pieces of material
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break loose and fall or slide down the riverbank when the water level recedes. As the water level falls, water
levels in the bank drop. Some may seep back out of the bank through processes of seepage and piping (see
Section 3.2.7). Seepage and piping can induce hydraulic forces that by themselves may cause erosion.

3.2.3  Boat Waves

Boat or wind waves can result in water surface fluctuations of relatively small amplitude (on the order of a
few inches up to about 1 foot) and short frequency (on the order of seconds or less).

Wind waves on the Connecticut River are relatively small and typically do not form breaking waves since
the wind cannot act over a significant length of water (called fetch) because the river lies at the bottom of
a valley protected on both sides by mountains. This is particularly true of winds that blow in the west to
east direction, across the river that primarily flows north to south. Fetch is also relatively short for winds
that blow in the north-south direction because the river flows around bends thereby limiting the length over
which wind can build waves. Given this, wind waves were generally not found to be a factor in erosion
processes throughout the TFI and are not discussed further in this report.

While boat and wind waves have some similarities, boat waves, particularly those that are formed close to
the shore, can cause an impact and greater disturbance than just a simple fluctuation. Boat waves tend to be
larger in amplitude than wind waves and were observed to travel across the water surface impacting the
riverbanks in the TFI. Wave energy is converted to a shear stress acting as a vector sum with the shear
stress due to flow. The repeated crashing of boat waves against the riverbank can result in repeated particle
by particle erosion until, eventually, a mass wasting event occurs due to the undermined bank. This can be
especially true when water levels are elevated and/or the boat waves are repeatedly crashing against the
same elevation of the bank for extended periods of time. This is particularly true when the waves impact
the toe of the upper bank (or higher) as opposed to the flat lower bank (beach).

3.2.4 Land Management Practices and Anthropogenic Influences to the Riparian Zone

Land-use or management practices may affect the stability of riverbanks. A healthy riparian zone including
vegetation that dampens the velocity and effective stress acting on the bank material, and attenuates waves
near the riverbank that can significantly reduce erosion. In addition, the fine-root structure helps bind the
soil particles together; further increasing the resistance to hydraulic forces. Increased shear strength is also
provided by root reinforcement within the upper bank. To the extent that riparian vegetation is impacted by
land-use, land management practices, or anthropogenic influences the erosion resistance from vegetation
may be likewise reduced. Vegetation may be cleared for agriculture, housing or other types of development.
On the other hand, erosion protection or riverbank stabilization may prevent or minimize erosion in
segments of the river. It is also recognized that erosion protection at a given location along a river may
adversely affect adjacent riverbank areas in the vicinity of where erosion protection has been developed.

3.2.5 Ice

Ice may cause erosion or damage to riparian vegetation which can cause erosion. Sheet ice may increase
the velocity or flow of water in the area below the ice and adjacent to the riverbank. With changing water
levels, it may pull or scrape vegetation. If ice floes form during ice breakup, moving blocks of ice can again
scrape, damage, or even shear off vegetation. Ice floes may also impact directly against the bank moving
or breaking off blocks of soil. Through damage or removal of vegetation or direct displacement of the soil
itself, ice has the capacity to erode riverbanks.

In addition, water is found in at least some of the pore spaces between soil particles in riverbanks. During
sufficiently cold weather (in terms of temperature and duration), some of the water in riverbanks can freeze.
As water freezes it expands thereby loosening soil particles or causing an expansion of the space between
particles or causing cracks in the soil matrix. Additional water can find its way into larger spaces and with
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additional freeze-thaw cycles more disruption of the soil matrix can occur. This freeze-thaw process is a
common cause of damage to pavement on roads. In cold climates, freeze-thaw can adversely affect
riverbank stability allowing flow-related forces or gravity to have an enhanced erosive effect on riverbanks.

3.2.6 Animals

As noted in the RSP, animals can be both a potential primary and/or secondary cause of erosion. Cattle
grazing to the river’s edge or the removal or trampling of vegetation resulting from animal trails leading to
the river are potential land management or anthropogenic factors which were evaluated as potential primary
causes of erosion. These activities can lead to runoff issues, gullying, and damage to the soil matrix which
all contribute to bank instability. Wild animals and birds (potential secondary cause) can also contribute to
bank instability and erosion; an example of which are animals that burrow into riverbanks which may lead
to concentrated points of seepage or direct damage to the bank.

3.2.7 Seepage and Piping

When the flow and water level is higher than the water level in the ground, water can infiltrate laterally into
the riverbank. Either when high water recedes or when the ground-water table is higher than the river, a
hydraulic gradient drives water from the surrounding ground towards the river. Water moves through the
soil but may not drain as quickly as the water level. The pressure gradient can weaken or act against the
standing riverbanks causing blocks of sediment to loosen, drop, or slide. During periods of declining stage,
seepage of water occurs towards the river and out of the riverbanks. This water may find a layer of coarser
sediment, with greater hydraulic conductivity, where seepage flows with greater velocity through the
riverbank. Seepage of water through the soil in general, or piping through confined layers or concentrated
areas of flow, can move soil particles causing internal erosion or weakening. This can lead to the
development of undercuts and to greater movement of blocks of soil acted on by gravity.

While a few limited areas of seepage were identified flowing over the lower bank or beach in the TFI, these
areas did not exhibit significant erosion or sloughing due to seepage related erosion on the upper riverbank
areas. As such, seepage and piping were not found to be a significant factor in erosion processes throughout
the TFI at the detailed study sites and are not discussed further in this report. Groundwater data collected
from monitoring wells adjacent to the river are discussed in Section 5.5.2.1 as it pertains to the impact of
water level fluctuations in the TFL.
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4 FIELD STUDIES, DATA COLLECTION, AND MODELING
BACKGROUND

Various geomorphic, geotechnical, hydraulic, and hydrologic datasets were developed in the TFI during
the 1990’s and 2000’s which provided a valuable foundation for this study. While the existing datasets
proved useful, data gaps were identified during the data gathering and literature review conducted as part
of RSP Task 1. Based on these data gaps, additional field studies and data collection efforts were identified
and completed in order to satisfy the objectives established in the RSP. Additional field studies and data
collection efforts were a combination of investigations associated with other relicensing studies (e.g., Study
No. 3.1.1, 3.2.2, etc.) and those unique to this study (e.g., BSTEM input parameters). Field studies and data
collection efforts which were conducted in accordance with RSP Task 4 included:

o Compilation of Project operations and USGS data (water surface elevation, flow, etc.) for the period
2000-2014;

e 2013 Full River Reconnaissance Survey (Study No. 3.1.1) which characterized the riverbank
features, characteristics, and erosion conditions throughout the TFI;

e Bathymetric surveys of the TFI to support development of the hydraulic models (Study No. 3.2.2)
e Development of a HEC-RAS model of the TFI (Study No. 3.2.2);
e Development of a River2D model of the TFI;

e Compilation of annual historic cross-section surveys and development of new cross-section surveys
for the long-term fixed riverbank transects (2000-2014)'° and newly identified detailed study sites
(2014 and 2015);

e Various input datasets for BSTEM;
o Suspended sediment monitoring and sampling (Study No. 3.1.3); and
e Investigation of ice and its potential impact on riverbank processes

Each of these field studies or data collection efforts are discussed in greater detail in the following sections.
The data yielded from these efforts, combined with the considerable amount of existing information,
provided the geomorphic, geotechnical, hydraulic, and hydrologic data needed to satisfy the goals and
objectives of this study, including determining the impact of Project operations on erosion and bank
instability. As discussed in Section 5, these datasets were used for a range of analyses as part of the three-
level analysis approach previously discussed.

Field studies and data collection efforts conducted as part of this study occurred at a number of detailed
study sites located throughout the geographic extent of the TFL!! Detailed study sites were identified in
2014 in consultation with stakeholders, FERC, and MADEP in accordance with FERC’s SPDL. The

10 While some long-term fixed riverbank transects have been surveyed as far back as the 1990’s, only the survey
data from 2000-2014 was utilized for this study as this was the period modeled in BSTEM.

' Due to accessibility issues, ice monitoring and boat wake data collection occurred at locations other than the
detailed study sites.
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detailed study site selection process was presented in the 2014 report titled Study No. 3.1.2 Northfield
Mountain/Turners Falls Operations Impact on Existing Erosion and Bank Instability — Selection of Detailed
Study Sites — September 2014 (FirstLight, 2014b). A summary of this process is presented in the following
section.

4.1 Selection of Detailed Study Sites

To gain a thorough understanding of the causes of erosion, the forces associated with them, and their relative
importance at a particular location, FirstLight developed a methodology to identify and select a number of
detailed study sites where investigation and analyses would occur as part of this study. Data collected at
each of the detailed study sites were used as input parameters for BSTEM as well as other analyses
associated with the three-level approach. In-depth investigation at the detailed study sites was typically
limited to the potential primary causes of erosion, and the forces associated with them, although
observations of any potential secondary causes of erosion were made if such causes were present. The final
set of detailed study sites represented both existing permanent transects and newly identified sites. The
study sites spanned the geographic extent of the TFI and encompassed the full range of riverbank features,
characteristics, and erosion conditions observed during the 2013 FRR.

The final set of detailed study sites were selected based on a four step methodology:

1. Evaluate Existing, Permanent Transects and Identify Calibration and/or Representative Locations
for Detailed Study;

2. Identify Supplemental Representative Locations for Detailed Study;

3. Evaluate the Range of Riverbank Features and Characteristics of the Representative Locations
Selected for Detailed Study; and

4. Evaluate the Geographic Distribution of the Representative Locations Selected for Detailed Study

An existing, permanent transect is a permanently established cross-section that has been surveyed from one
bank, across the river, to the other bank. These transects were established in areas where erosion had been
known to occur dating back to the 1990’s and have generally been surveyed annually. Typically a
benchmark with a known vertical and horizontal datum is placed on the endpoints such that future surveys
can be compared. Due to varying hydraulic and geomorphic conditions found along a river, riverbank
features, characteristics, and erosion conditions can vary from one bank to the other at a given transect. As
such, each transect represented two potential detailed study points. For the purposes of this study, a detailed
study point was defined as the specific location (i.e. right or left bank) where detailed investigation, field
data collection, and analysis occurred.

Existing permanent, transects were evaluated and compared against the results of the 2013 FRR at which
time they were classified as: (1) calibration only sites; (2) both calibration and representative sites; or (3)
eliminated from consideration. Calibration sites were defined as detailed study sites established at an
existing, permanent transect location where data collection would be used to calibrate BSTEM. Establishing
these sites at the existing, permanent transects provided the opportunity to calibrate BSTEM with actual
erosion amounts or changes in bank geometry as it has occurred over a period of historic flows and water
level data. Representative sites were defined as detailed study sites established throughout the TFI at
locations that exhibit a range of representative features, characteristics, and erosion conditions. These sites
did not have repetitive surveys for calibration of BSTEM. Calibration sites could only exist at existing,
permanent transects while representative sites can exist anywhere in the TFI. The selected existing,
permanent transects were then compared against a table of riverbank characteristics of interest to identify
potential gaps.
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Riverbank features and characteristics identified during this gap analysis were then supplemented with
additional representative detailed study points. Supplemental representative detailed study points were
proposed based on the results of the detailed geomorphic and geotechnical assessments conducted during
the 2013 FRR land-based survey as well as the results of the 2013 FRR boat-based survey. The newly
identified supplemental representative detailed study points were selected at only one bank, however, full
cross-section surveys were collected at each location. The combination of representative existing,
permanent transects and supplemental representative detailed study points resulted in a comprehensive set
of locations which were representative of the riverbank features and characteristics of interest found
throughout the TFL

Once the list of representative locations selected for detailed study was selected the range of riverbank
features and characteristics of those locations were evaluated to ensure they were representative of
conditions found throughout the TFI. In order to be considered representative, the detailed study sites must
have exhibited the range of riverbank characteristics of interest and met the following criteria:

e Locations where riverbanks are stable (including at least one site where bank stabilization has
occurred as a result of the ECP and at least one site that is naturally stable with no bank stabilization
work present);

e Locations where the potential for future erosion is low;
e Locations where the potential for future erosion is high; and
e Locations where active erosion is occurring

Following the completion of the representativeness assessment, the geographic distribution of the
representative locations selected for detailed study was evaluated to ensure they were appropriately
distributed throughout the TFL

After completing this four step methodology FirstLight presented a list of proposed representative and
calibration study sites to MADEP, CRWC, FRCOG, CRSEC, and the New Hampshire Department of
Environmental Services (NHDES) for review and comment as per FERC’s SPDL (FERC, 2013). After
receiving written comments and meeting with the MADEP and Stakeholders, FirstLight updated and
finalized the location of detailed study sites based on the feedback received.!'? After filing the final set of
detailed study site locations with FERC, no further comments were received from MADEP or the
Commission.

The final list of detailed study sites established for this study included 25 locations throughout the
geographic extent of the TFI which encompassed a representative range of riverbank features,
characteristics, and erosion conditions. Of the 25 detailed study sites, 16 were classified as representative
(of which 7 are both calibration and representative), and 9 were classified as calibration sites. In other words,
16 detailed study sites are located at existing, permanent transects while 9 were established at new locations
identified as a result of the 2013 FRR. Table 4.1-1 demonstrates the riverbank features and characteristics
of interest and which detailed study site(s) exhibits those traits while Table 4.1-2 and 4.1-3 provide
additional details about each site. The location of the detailed study sites is depicted in Figures 4.1-1 and
4.1-2.

12 Meetings were held on June 4, 2014 at MADEP offices in Springfield, MA and June 24, 2014 and August 4, 2014
at the Northfield Mountain Visitors Center.
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As illustrated in Table 4.1-1, the selected representative sites have a balanced distribution over the various
Stages of Erosion and Extents of Current Erosion found throughout the TFI. In regard to the Stage of
Erosion, of the 16 representative sites, two are located where Potential Future Erosion exists, five at
Actively Eroding sites, four at Eroded sites, and five at Stable sites.'> In regard to the Extent of Erosion, six
representative sites are located where None/Little Erosion exists, five where Some Erosion exists, three
where Some to Extensive Erosion exists, and two where Extensive Erosion exists. In addition, a broad range
of significant upper and lower riverbank features including vegetation, slope, sediment, and bank height
are well represented. Finally, as demonstrated in Figures 4.1-1 and 4.1-2 the final list of detailed study sites
adequately covers the geographic extent of the TFIL.

A discussion of how the detailed study sites were selected and the full results of this process are found in,
“Relicensing Study 3.1.2 Northfield Mountain/Turners Falls Operations Impact on Existing Erosion and
Potential Bank Instability Selection of Detailed Study Sites — September 2014 ” (FirstLight, 2014b). Field
efforts associated with Study No. 3.1.2 began in July 2014 and continued through September 2014. Data
collection was completed in the summer of 2015. Data collection efforts are discussed in detail in the
ensuing sections. Detailed site sketches of each detailed study site developed by Kit Choi (geotechnical
engineer) are found in Volume III (Appendix D).

13 Sites classified as Stable represent locations that were Stable at the time of observation.
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Table 4.1-1: Summary of Riverbank Features and Characteristics — Representative Locations for Detailed

Study
FEATURES CHARACTERISTICS™
. Steep Moderate
gfvi‘;;ank Overhanging 21"*?1”;19 7L, 8B-L, 12(B), | 4L, 7R, 10R, Flat
Slope 26, 87(B) %5(]%) ’ 21, 26, 29, 18, 303B, BC-
119(B) IR
High
Unoer 2L, 7L, 7R, 8B-
R ank Low Medium | L, 10R, 12(B),
Height 41, 303B 18, 21, 26, 29,
75(B), 87(B),
119(B), BC-1R
Silt/Sand
2L, 4L,
7L, 7R,
8B-L,
Yo 12(11;.))R 18
Riv?rban}; Clay 21,2 6’, 29” Gravel Cobbles Boulders Bedrock
Sediment 75(B),
87(B),
119(B),
303B, BC-
1R
Sparse Heavy
Upper None to Very 12(B), 4L, 7L, TR,
Riverbank Sparse 75(B). 2114"8‘};'_”?31 10R, 18, 26,
Vegetation 87(B), ’ ? 29, 303B, BC-
119(B) IR
Flat/Beach
2L, 4L, 7L,
Lower 8B-L, 12(B),
Riverbank Vertical Steep “gl‘;delf;{e 18, 21, 26, 29,
Slope'® ’ 75(B), 87(B),
119(B), 303B,
BC-1R

14 Categories that are highlighted in yellow were identified as characteristics that are indicative of areas where active
erosion is most likely to occur or the potential for future erosion is high. Highlighted categories were identified based
on review of historic geomorphic data and the results of the 2013 FRR. Transects and detailed study points that will
be used for investigation and analyses associated with Study No. 3.1.2 are based on the highlighted categories.

15 While clay, gravel, cobble, boulder, and bedrock upper riverbank sediments may exist in some locations throughout
the Impoundment, these locations are rare and therefore are not representative of riverbank features and characteristics
found in the study area. As such, these characteristics are not of interest to the objectives of this study.

16 Vertical and Steep lower riverbank slopes are typically indicative or areas where active erosion is occurring or the
potential for future erosion is high and therefore would normally be highlighted in yellow. These categories are not
highlighted, however, as these specific riverbank conditions do not exist in the Impoundment.
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FEATURES CHARACTERISTICS™
Silt/Sand
2L, 4L,
7L, 8B-L,
Lower oy
Riverbank Clay 26, 29, Gravel Cobbles Boulders Bedrock
Sediment 75(B), 21 10R 7R
87(B),
119(B),
303B, BC-
IR
None to Very
Sparse
Lower 2L, 4L, 7L,
Riverbank 7R, 8B-L, Sparse Moderate Heavy
e it 12(B), 18, 21, 10R 303B
26, 29, 75(B),
87(B), 119(B),
BC-1R
. Active
Stage of P;:ﬁﬁ?:l Erosion Eroded Stable
Erosion Erosion 12(B), 21, 18, 2L*, 87(B), 4L, 7R, 10R,
7L. 8B-L 26, 29, 119(B) 303B, BC-1R
’ 75(B)
None/Little Some to
Cxtent of 4L TL TR, | S Extensive Extensive
Erosion 10-R, 303B, 18’26 29’ 21, 87(B), 12(B), 75(B)
BC-1R > 119(B)
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Table 4.1-2: Overview of Representative and Calibration Locations for Detailed Study

Location ID Source Bank!’ Rept:esenFatlve: o Comments
Calibration Site
BC-1R Existing, Permanent Right Bank Both Surveyed transect at the entrance to Barton Cove
Transect
2L EX1st11%g;;Il;Se;‘(r:?anent Left Bank Both Surveyed transect just downstream of major tributary (Ashuelot River), erosion with recent stabilization using vegetation only.
Existing, Permanent o ) . ) ) . . o
3L Transect Left Bank Calibration Surveyed transect, right bank — stabilized (2007, Kendall site), left bank — located downstream of Kendall with multiple types of erosion and indicators of
— potential erosion. Both banks of the surveyed transect includes an area with erosion occurring prior to stabilization in 2007 and stabilization since then
3R Ex1stu%g, P err?anent Right Bank Calibration with the opposite bank experiencing several types of erosion and potential erosion indicators with concurrent survey data.
ransec
Existing, Permanent Surveyed transect — cross-section shows some change and left bank exhibits potential erosion indicators and erosion (right bank stable with limited
4L Left Bank Both A .
Transect potential indicators of future erosion)
SCR Existing, Permanent Right Bank Calibration Surve.yed trapsect with right bank showing erosion and multiple types of potential erosion, left bank previously stabilized by COE experimental
Transect techniques (tires).
Existing, Permanent o
6AL ’ Left Bank Calibration ) ) ) ) - . .
Transect Surveyed transect at a location of erosion and heavy boat use in the past with both banks stabilized (Flagg, 2000 and Skalski, 2004). An island bank that
isti is not stabilized is also included to be studied.
6AR Existing, Permanent Right Bank Calibration z " .
Transect
7L Fisting, Permanent | 1 efi Bank Both
— Surveyed transect with one forested high bank and the other a farmed terrace with indicators of potential future erosion.
Existing, Permanent .
7R Right Bank Both
Transect
Existing, Permanent . . . C . . . . . .. .
8BL T%ans ect Left Bank Both Surveyed transect with one bank with erosion and indicators of potential future erosion and other bank with erosion that is in the process of being
Existing. P : stabilized with current techniques of large woody debris, built-up toe and vegetation (Wallace, Bathory/Gallagher, 2012). Detailed study will occur at
SBR Xisting, Fermanen Right Bank Calibration both banks of the transect.
Transect
9R Ex1stn%%;§:;‘g[1anent Right Bank Calibration Surveyed transect with right bank that had eroded but stabilized with preventative maintenance measures (Campground Point, 2008)
10L Existing, Permanent Left Bank Calibration ) ) ) e . . . o
Transect Surveyed transect with erosion occurring before stabilization in 2001-2002 on right bank (Urgiel upstream), stable left bank. A recent vertical shift in the
Existing, Permanent . bank has developed both through the stabilized site and upstream which is of interest in understanding and monitoring.
10R ’ Right Bank Both
Transect
11L Ex1stn%%;§:;‘g[1anent Left Bank Calibration Surveyed transect through island, left bank and bank of island exhibits erosion and potential erosion indicators
18 FRR éf;ii—}llaased Left Bank Representative Land-based point located between surveyed Transects 2 and 3, multiple indicators of potential erosion
21 FRR Land-based Right Bank Representative The land-b.a.sed Pomt is experiencing more than one type of erosion and multiple indicators of potential erosion and may be considered for some type of
Survey future stabilization
2 FRR Land-based Right Bank Representative Land—based site exhibits various types of erosion and potential future erosion and may represent bank conditions prior to stabilization of transect 10 -
Survey right bank.
29 FRR és::i—}l}aased Right Bank Representative Located between transects 4 and 5A, erosion and multiple indicators of potential erosion
FRR Boat-based . . . . . - . . .
12B Survey Left Bank Representative Boat-based segment with extensive, active erosion and limited vegetation; located downstream of French King Gorge and just upstream of Barton Cove
75B FRRS]?I 232;386(1 Left Bank Representative Boat-based segment with extensive, active erosion just downstream of the Northfield Mountain Tailrace.

7 Defined as looking downstream
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FRR Boat-based . Boat-based segment exhibits eroded conditions and several indicators of potential future erosion; located upstream of Northfield Mountain Tailrace and a
87B Left Bank Representative . b
Survey short distance downstream of Shearer stabilization site
119B FRRSBu:Z;ased Left Bank Representative Boat-based segment exhibits eroded conditions and several indicators of potential future erosion; located near the downstream end of Kidds Island
303B FRR Boat-based Left Bank Representative Bpat—based s'egment located downstream of the Ashuelot River confluence. Segment exhibits Heavy lower riverbank vegetation and Medium upper
Survey riverbank height.
9 Supplemental sites selected based on the results of the 2013 FRR
7 Existing, permanent transect sites that will be used as both representative and calibration locations
9 Existing, permanent transect sites that will be used as supplemental calibration locations
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Table 4.1-3: Summary of Riverbank Features and Characteristics — Representative and Calibration Locations for Detailed Study

Location Bank Source Representative UPPER RIVERBANK LOWER RIVERBANK Type of Indicator(s) of Stage of ]le::?::tf
ID or Calibration Slope Height Sediment | Vegetation Slope Sediment Vegetation Erosion Potential Erosion Erosion e
Right | Lxisting, . . . . .
BC-1R Bank Permanent Both Moderate High Silt/Sand Heavy Flat/Beach Silt/Sand None/Very Sparse Undercut Creep/Leaning Trees Stable None/Little
Transect
Existing, . .
2L Left Permanegnt Both Vertical High Silt/Sand Moderate Flat/Beach Silt/Sand None to Very Sparse Rotational Creep/Leamng Eroded Some
Bank Slump Trees, Overhanging
Transect
Left Existing, Undercut, Creep/Leaning
3L Permanent Calibration Moderate Low Silt/Sand Heavy Flat/Beach Silt/Sand None to Very Sparse Rotational . Eroded Some
Bank Trees, Overhanging
Transect Slump
Right | [Fxisting, . . . .
3R Bank Permanent Calibration Moderate High Silt/Sand Heavy Moderate Gravel None to Very Sparse - - Stable None/Little
Transect
Left Existing, . . . . .
4L Bank Permanent Both Moderate Medium Silt/Sand Heavy Flat/Beach Silt/Sand None to Very Sparse - Creep/Leaning Trees Stable None/Little
Transect
Right Existing, . . . Overhanging Bank,
5CR Bank Permanent Calibration Steep High Silt/Sand Moderate Flat/Beach Silt/Sand None to Very Sparse | Slide or Flow Exposed Roots, Eroded Some
Transect Creep/Leaning Trees
Left Existing, e . . .
6AL Bank Permanent Calibration Moderate High Silt/Sand Heavy Moderate Cobbles None to Very Sparse - - Stable None/Little
Transect
Right | LXisting, L . . . .
6AR Bank Permanent Calibration Steep High Silt/Sand Heavy Flat/Beach Silt/Sand Heavy - - Stable None/Little
Transect
Left Existing, . . . . Potential .
7L Permanent Both Steep High Silt/Sand Heavy Flat/Beach Silt/Sand None to Very Sparse Undercut Creep/Leaning Trees . None/Little
Bank Future Erosion
Transect
Right Existing, . . .
7R Bank Permanent Both Moderate High Silt/Sand Heavy Moderate Boulders None to Very Sparse - - Stable None/Little
Transect
isti Creep/Leanin
Left Existing, . . . Treesp Expose%l Potential
8BL Permanent Both Steep High Silt/Sand Moderate Flat/Beach Silt/Sand None to Very Sparse Undercut ’ . . Some
Bank Roots, Overhanging | Future Erosion
Transect
Bank
Right Existing, I . . . . In process of .
8BR Permanent Calibration Steep/Overhanging High Silt/Sand Heavy Flat/Beach Gravel None to Very Sparse - Overhanging o None/Little
Bank stabilization
Transect
Right | LXisting, L . . . . .
9R Bank Permanent Calibration Moderate High Silt/Sand Moderate Flat/Beach Silt/Sand None to Very Sparse - Creep/Leaning Trees Stable None/Little
Transect
Left Existing, oy . . . .
10L Bank Permanent Calibration Moderate High Silt/Sand Heavy Flat/Beach Silt/Sand None to Very Sparse - - Stable None/Little
Transect
Right Existing, . . .
10R Bank Permanent Both Moderate High Silt/Sand Heavy Moderate Cobbles Sparse - - Stable None/Little
Transect
Left Existing, I . . . Undercut .
11L Permanent Calibration Moderate High Silt/Sand Heavy Flat/Beach Silt/Sand None to Very Sparse Undercut . Stable None/Little
Bank Transect Creep/Leaning trees
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Location Representative UPPER RIVERBANK LOWER RIVERBANK Type of Indicator(s) of Stage of Extent of
Bank Source . . 3 ] R . Current
D or Calibration Slope Height | Sediment | Vegetation Slope Sediment Vegetation Erosion Potential Erosion Erosion o
Left FRR Land- Undercut, Exposed
18 Bank based Representative Moderate High Silt/Sand Heavy Flat/Beach Silt/Sand None/Very Sparse Undercut Roots, Eroded Some
Survey Creep/Leaning Trees
Richt FRR Land- Steep (some Gravel Rotational Undercut, Exposed Some to
21 g based Representative P High Silt/Sand Moderate Flat/Beach . ’ None/Very Sparse Slump, Roots, Active .
Bank vertical) Silt/Sand . extensive
Survey Undercut Creep/Leaning Trees
Richt FRR Land- Rotational Undercut, Exposed
26 B agn K based Representative Steep/Overhanging High Silt/Sand Heavy Flat/Beach Silt/Sand None/Very Sparse Slump, Roots, Active Some
Survey Undercut Creep/Leaning Trees
Richt FRR Land- Steep (near Rotational Undercut, Exposed
29 g based Representative P High Silt/Sand Heavy Flat/Beach Silt/Sand None/Very Sparse Slump, Roots, Active Some
Bank vertical) .
Survey Undercut Creep/Leaning Trees
Left FRR Boat- Exposed Roots
12B based Representative Steep High Silt/Sand Sparse Flat/Beach Silt/Sand None to Very Sparse Undercut posed ’ Active Extensive
Bank Survey Overhanging Bank
Left FRR Boat- Topple, Creep/Leaning
75B Bank based Representative Vertical High Silt/Sand Sparse Flat/Beach Silt/Sand None to Very Sparse | Overhanging Trees, Overhanging Active Extensive
Survey Bank Bank
Left FRR Boat- Underout, ]EC);EZS?S::E?JS’ Some to
87B based Representative Overhanging High Silt/Sand Sparse Flat/Beach Silt/Sand | None to Very Sparse Rotational p g Eroded .
Bank Trees, Overhanging Extensive
Survey Slump
Bank
Left FRR Boat- Ectgzsjgela{lﬁioésj Some to
119B based Representative Steep High Silt/Sand Sparse Flat/Beach Silt/Sand | None to Very Sparse | Slide or Flow p g Eroded .
Bank Trees, Overhanging Extensive
Survey
Bank
Left FRR Boat-
303B Bank based Representative Moderate Medium Silt/Sand Heavy Flat/Beach Silt/Sand Heavy - - Stable None/Little
Survey
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