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Executive Summary

Rivers are dynamic features meaning that lateral migration, channel shifting, and
changing position are processes that occur to varying degrees along their path. The fact
that channels migrate, shift, and otherwise change position translates directly into
riverbank erosion. Such is the case with the Connecticut River as it flows through
Vermont, New Hampshire, Massachusetts, and Connecticut. Erosion has been and is a
concern for many people and groups all along the river corridor. Several studies have
been conducted regarding riverbank erosion of the Connecticut River. Information and
data on this subject are available from a variety of sources over a period of more than 50
years although most of the information covers the more recent decades. A review,
evaluation, and comparison of riverbank erosion along the Connecticut River was
conducted based on available reports from a variety of sources coupled with some recent
compilation of photographic evidence of erosion in the Bellows Falls, Vernon, and
Holyoke Impoundments as well as the recently completed full river reconnaissance
(FRR) of the Turners Falls Impoundment (Simons & Associates, 2009). The objective of
this study is to compare riverbank erosion between the various impoundments and free-
flowing reaches along the Connecticut River and to draw conclusions based on the
observations and comparisons.

The Connecticut River consists of several different segments ranging from un-impounded
or free-flowing reaches, primarily in the northern section of the river; to a series of pools
formed by dams, primarily in the middle and southern sections of the river. The study
reach for this comparison of riverbank erosion extends from Pittsburg, NH in the north
downstream to Holyoke Dam. Over the approximate 240 mile study reach, the
Connecticut River flows through 15 currently-existing dams with associated
impoundments, as well as free-flowing sections.

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 is 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
nonetheless. 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. The
comparison reveals the following key points:
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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 (Field, 2004), 48.4% of the riverbanks were experiencing
moderate or more significant erosion. Riverbanks that had been rip-rapped
covered 17.1% of the length of the river.

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 remain in
essentially the same state of erosion when photographed in 2008, many of
which are significant in both size and severity. In contrast, most of the erosion
sites identified in the Turners Falls Impoundment in 1998 have been stabilized
and are no longer eroding as of 2008 (when previously identified erosion sites
were re-photographed in 3 impoundments and when the most recent FRR was
conducted in the Turners Falls Impoundment), with several additional erosion
sites scheduled to be stabilized as part of the “Erosion Control Plan for the
Turners Falls Pool of the Connecticut River” (1998, Simons & Associates) by
2012.

In addition to direct stabilization of many of the erosion sites in the Turners
Falls Impoundment that were identified in the 1998 Erosion Control Plan
(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.

Despite the fact that similar percentages of riverbank have been stabilized in the
northern, free-flowing reach and in the Turners Falls Impoundment; the
percentage of erosion in the Turners Falls Impoundment 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%).

Because riverbank erosion in the Turners Falls Impoundment is significantly
less than in the northern free-flowing reach, and erosion sites in other
impoundments (Bellows Falls, Vernon, and Holyoke) have continued eroding
from 1997 to 2008 while many erosion sites have been stabilized in the Turners
Falls Impoundment along with some evidence of natural stabilization processes;
it can be concluded that the riverbanks in the Turners Falls Impoundment are in
the best condition (more stable and less eroding) than in any other part of the
Connecticut River.

The Turners Falls Impoundment, 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 impoundments
(Wilder, Bellows Falls, Vernon, Holyoke) which only experience water level
fluctuations resulting from run of river and peaking power operations and do
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not experience additional fluctuations due to pumped-storage operations. The
Turners Falls Impoundment also experiences significantly less erosion than the
northern, free-flowing reach which has no hydropower operations and
associated water level fluctuations. This implies that the additional water level
fluctuations due to pumped-storage operation either do not adversely affect
riverbank erosion to a significant degree and/or are being successfully handled
through implementation of the ECP.

The Turners Falls Impoundment, experiences water level fluctuations due to a
combination of three hydroelectric projects: Vernon and Turners Falls which
operate approximately 3/4ths of the time in peaking power generation mode and
when flows exceed their hydraulic generation capacity, operate the remainder of
the time in a run-of-river mode; and the Northfield Mountain Pumped Storage
Project which operates in a peaking power mode. The other impoundments
experience water levels fluctuations due to hydroelectric projects that operate in
a peaking power generation mode combined with run-of-river (when hydraulic
generation capacities are exceeded). The Turners Falls Impoundment
experiences less riverbank erosion than the other 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
Turners Falls Impoundment also experiences significantly less erosion than the
northern, free-flowing reach which has no hydropower operations and
associated water level fluctuations. This implies that the additional water level
fluctuations due to pumped-storage operation either do not adversely affect
riverbank erosion to a significant degree and/or are being successfully handled
through implementation of the ECP.



1. Introduction

Riverbank erosion has been a long-standing issue for people having varying interests and
relationships with rivers. Simons and Senturk (1991) discuss the fact that some rivers
migrate laterally as much as 10s, 100s, and even 1000s of feet per year through a process
of riverbank erosion. They further state that “Stable or static alluvial channels are the
exception in nature.” Such is the case for the Connecticut River to varying degrees along
its length. Several erosion-related studies have been conducted along the Connecticut
River and this report summarizes findings from these studies as well as information
obtained by Simons & Associates (S&A) over decades of involvement along this river. It
is intended to develop an understanding of erosion along the river, and compare erosion
along specific reaches over time.

The Connecticut River flows out of Quebec in a southerly direction from the Connecticut
Lakes in northern New Hampshire, along the border between New Hampshire and
Vermont, through western Massachusetts and central Connecticut into Long Island
Sound. Figure 1 shows the path of the Connecticut River as it flows through New
England. On its journey through New England, the river is impounded by 15 dams, some
of which are equipped with hydropower facilities. A few of the dams create
impoundments that are sufficiently large to seasonally re-regulate’ river flows. Most
dams on the Connecticut River are low-head facilities which form narrow impoundments
that experience generally low water velocities at low flow and higher velocities with near
full riverine conditions at high flows. In the headwater reaches of the Connecticut River,
it flows through a series of small dams and lakes including the Connecticut Lakes down
to Canaan Dam. The river then flows through an unimpounded or free-flowing reach
downstream from Canaan Dam to the upper reaches of the impoundment formed by
Gilman Dam. The river flows through a couple of large storage dams (Moore and
Comerford) capable of re-regulating river flow due to the seasonal storage capacity of the
associated reservoirs. Downstream of Comerford Dam, the river passes through several
low-head dams having relatively narrow impoundments MclIndoes and Dodge Falls,
Wilder, Bellows Falls, Vernon, Turners Falls, and Holyoke. Downstream of Holyoke
Dam, the river is free-flowing through Connecticut and into Long Island Sound.

Except for rare segments of the Connecticut River like the French King Gorge located in
the Turners Falls Impoundment which consists of an extensive rock outcrop; the
Connecticut River, through a significant portion of its length, is an alluvial river. An
alluvial river consists of bank and bed material that the river itself transports, deposits, or
erodes. An interesting characteristic of the Connecticut River is that fairly recently (in
geologic time) it used to be a large lake (Lake Hitchcock) that formed as the little ice age
(approximately 18,000 years ago) was ending and melting ice was blocked by a mass of
sediment pushed up by the ice (Rittenour, 1999. As a result of the formation of a large
lake, into which sediment deposited over a period of approximately 3000 years, much of
the riverbank material of the Connecticut River consists of fine sediment that deposited in
the lake. Field (2007) commented on the nature of riverbank sediments found in a reach

' Dams having sufficient storage capacity to store water during periods of high flow thereby reducing flood
peaks for release during the low flow season.



of the Connecticut River describing them as being “naturally susceptible to erosion given
their noncohesiveness and fine-grained texture.” Alluvial rivers, consisting of materials

Figure 1. Connecticut River (after USGS NHD, USACE, NID)

that are periodically eroded, transported, or deposited; are — by definition, dynamic.
Thus, various segments of riverbanks along the length of the Connecticut River are
eroding, consistent with the dynamic nature of alluvial rivers especially considering the



non-cohesive, fine-grained riverbank soils — much of which is sediment that was
deposited when the Connecticut River was a lake.

Several studies of riverbank erosion along the Connecticut River have been conducted on
different parts of the river and from different sources some of which are listed below.

e “Observation of Erosion on Banks of the Connecticut River Bellows Falls to
Vernon September 2-3, 1954,” Connecticut River Power Company, 1954

e “Connecticut River Streambank Erosion Study Massachusetts, New Hampshire
and Vermont,” United States Army Corps of Engineers (USACE), 1979

e “Analysis of Bank Erosion at the Skitchewaug Site in the Bellows Falls Pool of
the Connecticut River,” Simons & Associates, 1992

e “Bellows Falls Pond Bank Inspection,” May 31, 1991, New England Power
Company

e “Discussion of Erosion at Vernon Station,” Simons & Associates, 1996

e “Erosion Control Plan for the Turners Falls Pool of the Connecticut River,”
Simons & Associates, 1998

e “Fluvial Geomorphology Assessment of the Northern Connecticut River,
Vermont and New Hampshire,” Field Geology Services, 2004

e “Fluvial Geomorphology Study of the Turners Falls Pool on the Connecticut
River between Turners Falls, MA and Vernon, VT,” Field Geology Services,
2007

e “Full River Reconnaissance — 2008 Turners Falls Pool, Connecticut River,”
Simons & Associates, 2008 (Other full river reconnaissance efforts were
conducted by New England Environmental in 2001 and 2004)

These reports and other available information provide sources for the evaluation of
erosion along the length of the Connecticut River.

The study which covered the greatest length of the Connecticut River (USACE, 1979)
included Appendix A entitled, “Locations of Erosion Sites in the Study Reach” confirms
that erosion sites are found along the length of the river studied (Appendix A of this
report presents maps showing erosion along the study reach — see numbered segments, ).
An example of erosion sites found along the river shows segments of river (shown by
dark black lines, numbered to identify each site) in Figure 2. Erosion sites 4 through 17A
are indicated on the east bank of the river and sites 302 through 305 are found on the west
bank.



The distribution of erosion sites along the river from this 1979 study were as follows: 54
upstream of the Wilder Dam, 8 between Bellows Falls and Wilder Dams, 28 between
Vernon and Bellows Falls Dams, 13 between Turners Falls and Vernon Dams. While the
simple number of erosion sites does not fully describe the severity or length of erosion
within each segment; it does, however, indicate that erosion is found along the entire
length of the river that was studied. Based on the maps in the 1979 study, the total length
of eroded sites for each of the impoundments was determined (see Table 1).

Table 1. Total length of erosion from 1979 USACE maps

Reach of Connecticut River

Miles of Erosion

(1979 USACE maps)
Wilder Impoundment 19.84
Bellows Falls Impoundment 4.05
Vernon Impoundment 9.91
Turners Falls Impoundment 3.13




Figure 2. Erosion Sites — Keene and Bellows Falls Quadrangles, “Connecticut River
Streambank Erosion Study Massachusetts, New Hampshire and Vermont,” 1979



In this document, the distribution and extent of erosion along the Connecticut River is
compared between the various reaches based on previous documentation of erosion from
a variety of sources as well as recent and previous photographic evidence of erosion
where such information is available.

2. Connecticut River Reaches

The Connecticut River includes both riverine or free-flowing reaches as well as reaches
impounded by dams. Table 1 summarizes Connecticut River dams and their height,
listed in order from upstream to downstream. As noted in the table, a couple of these
dams are breached and no longer form upstream impoundments. River reaches in the
Connecticut River are primarily defined by the existence of dams and impoundments
formed by these dams.

Table 2. Dams along the Connecticut River*

Dam Dam Height (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
Mclndoe Falls Dam 25
Dodge Falls Dam 28
Wilder Dam 39
Bellows Falls Dam 57
Vernon Dam 60
Turners Falls Dam 35
Holyoke Dam 60

* Information primarily from Connecticut River Joint Commissions (CRJC)

A profile of the Connecticut River for most of its length is presented in Figure 3. As
shown by this profile, much of the river is impounded behind a series of dams as listed
above. The longest reach that is not impounded stretches downstream from Pittsburg to
the Wyoming Valley (since Wyoming dam was breached).
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Figure 3. Connecticut River profile (after, US Generation).

Dams generally reduce the river velocity, depending on the magnitude of river flow
compared to the magnitude and extent of the impoundment storage volume. In addition
to the main-stem dams, several United States Army Corps of Engineers flood control
dams have been constructed on tributaries to the Connecticut River to reduce peak flows
and flood damage.

3. Natural Riverine Geomorphology

Except for rare segments of the Connecticut River like the French King Gorge located in
the Turners Falls Impoundment, which consists of extensive rock outcrop; the
Connecticut River, through a significant portion of its length, is an alluvial river. An
alluvial river consists of bank and bed material that the river itself transports, deposits, or
erodes. Alluvial rivers, consisting of materials that are periodically eroded, transported,
or deposited are — by definition, dynamic.

The dynamic nature of rivers is described in one of the foremost and well-known
textbooks, Fluvial Processes in Geomorphology (Leopold, Wolman and Miller, 1964).
Chapters of interest that indicate the dynamic nature of rivers include: Chapter 1 — “The
Changing Scene,” Chapter 3 — “Climate and Denudational Processes,” Chapter 4 —
“Weathering,” Chapter 10 — “Drainage Pattern Evolution,” Chapter 11 — “Channel
Changes with Time,” Chapter 12 — “Evolution of Hillslopes.” Key words of note directly
discuss the fact that rivers change: changing, denudational processes, weathering,
evolution, changes with time. The aftermath of Hurricane Irene in 2011 provided a




recent and dramatic reminder of disruption and change that occurs in living with the
dynamic nature of rivers. Leopold et al, discusses the continual adjustments of river
systems through processes of aggradation, degradation, scour, deposition, and lateral
migration; providing numerous examples of rivers that have historically experienced
significant changes.

Even the concept of a river in equilibrium (as described below) does not mean that a
river, so classified, is not changing. In discussing the concept of equilibrium in an ideal
channel, Leopold et al state the following:

This analysis brings out an essential point. In the simplest stable natural channel
with movable bed and banks, two conditions must be satisfied simultaneously — the
transmission of the flow and the stability of the banks. Such a channel has been
called “threshold” (Henderson, 1961, p. 112), describing the fact that each point
on the perimeter is at the threshold of movement. In this hypothetical condition a
channel could not transport sediment because the required increase in stress would
cause erosion of the banks. In actuality a natural channel not only carries
sediment but migrates laterally by erosion of one bank, maintaining on the average
a constant channel cross section by deposition at the opposite bank. In this case
the condition of no bank erosion is replaced by an equilibrium between erosion
and deposition. The form of the cross section is “stable,” meaning constant, but
position of the channel is not.

Thus, 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.
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 by another eminent
geomorphologist (Schumm, 1977, The Fluvial System) states,

Frequently environmentalists, river engineers, and others involved in navigation
and flood control consider that a river should be unchanging in shape, dimensions
and pattern. This would be very convenient. However, an alluvial river generally
is changing its position as a consequence of hydraulic forces acting on its bed and
banks.

Archaeologists have provided clear evidence that the lateral shift of channels is
completely natural and to be expected.

In summary, archaeological, botanical, geological, and geomorphic evidence
supports the conclusion that most rivers are subject to constant changes as a
normal part of their morphological evolution.



As noted by some of the world’s most renowned geomorphologists, even those river
reaches considered to be in “equilibrium” are expected to experience lateral movement
and adjustment which necessarily involves the process of riverbank erosion. To expect
otherwise contradicts reality and denies extensive historic evidence on rivers throughout
the world. Erosion is a natural process, even in channels in equilibrium that cannot and
should not be totally controlled.

4. Current State of Riverbank Erosion along the Connecticut River

4.1 Free-Flowing Reach

The longest free-flowing reach of the Connecticut River extends from Pittsburg, NH
downstream to Gilman Dam (excluding the small reach affected by Canaan Dam, see
Figure 3). A study of the condition of the Northern Connecticut River through this
largely unimpounded and primarily alluvial reach (Figure 4) was conducted by Field
Geology Services (2004, “Fluvial Geomorphology Assessment of the Northern
Connecticut River, Vermont and New Hampshire”).

Figure 4. Northern Connecticut River (after Field, 2004)



As an integral part of this analysis, the river was evaluated regarding channel instabilities
and erosion, as Field (2004) states that, “Management of erosion problems must address,
or at least recognize, the causes for erosion.” He cites six primary causes for erosion in
this unimpounded reach of the Connecticut River:

Six of the most important human and natural causes of erosion and
channel instability are discussed below: 1) channelization; 2) land
clearance and other human land use intributary watersheds; 3) continuing
adjustments to deglaciation; 4) agricultural practices in the riparian zone;
5) dams; and 6) reforestation of hillslopes cleared in the 18 and 19"
Century.

Field presents several figures illustrating the causes of erosion in this free-flowing reach
of the river (see Figures 5-8).
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Figure 5. Erosion in channelized reach (after Field, 2004)

Figure 6. Erosion of glacial outwash deposit (after Field, 2004)
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Figure 7. Erosion due to bar formation (after Field, 2004)

Figure 8. Erosion due to agricultural practices (after Field, 2004)
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The distribution of riverbank erosion through this reach was summarized by Field as
shown in Figure 9; eroding banks are shown in red.

Figure 9. Riverbank erosion — Pittsburg to Gilman (after Field, 2004)
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This reach of river in the study area “is largely free flowing and unimpounded, unlike
much of the river farther south.” The report concludes:

A fluvial geomorphic assessment of the northern Connecticut River has revealed
that 66 percent of the river’s banks are either eroding, have been protected from
erosion, or are susceptible to further erosion (Table 1).

Table 1 (from the aforementioned report) provides information on bank stability
indicating that 25.8 % (42.62 miles) of the length was “Eroding,” and 22.6% (37.26
miles) was “Moderately eroding.” Based on this information, this free-flowing reach
experiences moderate or more significant erosion over almost half (48.4%, 79.88 miles)
of its length. The same table shows that 17.1% (28.30 miles) of the riverbanks have been
rip-rapped. The total length of both banks combined in this northern reach is 165.12
miles.

Additional maps were prepared by Field in 2005 showing riverbank characteristics and
erosion. Figure 10 (after Field Geology Services, 2005) shows a portion of this free-
flowing reach with the various aspects related to channel characteristics and stability or
erosion. Appendix B presents other maps prepared by Field showing the riverbank
conditions in this free-flowing reach.
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Figure 10. Example of Riverbank Characteristics — Northern, Free-Flowing Reach
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4.2 Connecticut River Impoundments

4.2.1 Riverbank Erosion — Bellows Falls Impoundment

In addition to erosion sites documented by the USACE (1979) that included the Bellows
Falls reach, a bank inspection was conducted in 1991 by the New England Power
Company (included in this report as Appendix C). More recently, some erosion sites
were identified and photographed in 1997 and again in 2008 by S&A. The location of
the erosion sites are shown in Figure 11. An example comparing erosion from 1997 to
2008 is presented in Figure 12. As this example shows, the extent of erosion is similar
and has continued over this 11-year time period (see Appendix D for a comparison of
photos of erosion sites from 1997 to 2008 in the Bellows Falls Impoundment). The
various sites where erosion was documented in 1997 were still eroding in 2008. While
the full extent of erosion is not known in this impoundment in terms of mileage or
percentage, geo-referenced video tapes were made of much of this impoundment that
document the conditions as of 2008.

16



Figure 11a. Erosion Sites — Bellows Falls Impoundment, 1997
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Figure 11b. Erosion Sites — Bellows Falls Impoundment, 1997
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Figure 11c. Erosion Sites — Bellows Falls Impoundment, 1997
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Bellows Falls Pool — Location 8

1997

2008

Figure 12. Riverbank erosion comparison, Bellows Falls Impoundment —
Location 8
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4.2.2 Riverbank Erosion — Vernon Impoundment

Similar to the Bellows Falls Impoundment, erosion sites along the Vernon Impoundment
were also photographed in 1997 and again in 2008. The locations of the erosion sites and
images of the sites are shown in Figure 13. Figure 14 presents a comparison of erosion at
a location in the Vernon Impoundment in 1997 and 2008, and shows that there are similar
erosion and riverbank characteristics over this decade (see Appendix E for a comparison
of photos of erosion sites from 1997 to 2008 in the Vernon Impoundment). The various
sites that had documented erosion in 1997 were still eroding in 2008. While no
evaluation of the extent or percentage of riverbanks experiencing erosion is available,
geo-referenced video tapes were taken to document riverbank conditions for this reach of
river in 2008.

As listed in available references, the
power company that was operating the
Vernon Station during the 1950s
documented erosion in the Vernon
Impoundment on a periodic basis. The
1954 document discusses and shows
about 50 erosion sites that were
photographed. Apparently, they were
monitoring erosion sites along the
Vernon Impoundment over time and
documenting them by noting changes
and taking photographs. Figure 15
presents an example of an erosion site
taken by the Connecticut River Power
Company in 1954. Other examples are
found in Appendix F. The existence of
this document shows that erosion has
been an issue of concern for over half
a century.

Figure 15. Erosion in Vernon Pool, 1954
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Figure 13a. Erosion Sites — Vernon Impoundment, 1997
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Figure 13b. Erosion Sites — Vernon Impoundment, 1997
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Vernon Pool — Location |

1997

2008

Figure 14. Riverbank erosion comparison, Vernon Impoundment, 1997-2008, Location I
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4.2.3 Riverbank Erosion — Turners Falls Impoundment

Riverbank erosion in the Turners Falls Impoundment has also been studied and
monitored for several decades. In 1998 an Erosion Control Plan (Simons & Associates,
1998) was developed for the Turners Falls Impoundment which mapped riverbank
features and characteristics to select 20 sites to be considered for stabilization. As part of
the Federal Energy Regulatory Commission (FERC) license for the Northfield Mountain
Pumped Storage Project and Turners Falls Hydroelectric Project, the Licensee is required
to conduct full river reconnaissance (FRR) surveys of the Turners Falls Impoundment
every 3-5 years to document erosion areas and the results of stabilization measures that
have been implemented. An FRR was conducted in 2008 (Simons & Associates, 2009).
The report provides documentation of the distribution of riverbank features and
characteristics in the form of detailed maps of riverbank sediment types, slope, height,
vegetation, severity and type of erosion. In addition to the maps showing the detailed
breakdown of features and characteristics, summary maps were developed that delineated
riverbank conditions into 8 broad groups of combination of features and characteristics
related to stability or erosion (Table 2). An example of the results of the 2008 FRR
(Simons & Associates, 2009) is shown in Figure 16. Segments of riverbank marked with
hot pink, red, orange, and yellow are experiencing the most significant erosion while
segments of river marked in blues, brown, green, and black exhibit stability. Appendix G
presents the summary maps for the 2008 FRR. Detailed maps of all features and
characteristics are found in the 2008 FRR report (Simons & Associates, 2009).

The score or group of characteristics in the 2008 Turners Falls Impoundment
reconnaissance is explained in the following table.

Table 3. 2008 FRR Summary Groups

Group/Score Characteristics

1 Extensive mass wasting (erosion)

2 Some mass wasting (erosion)

3 None to sparse upper bank vegetation

4 Moderate to heavy vegetation with steep to overhanging
banks

5 Moderate to heavy vegetation with moderate upper bank
slope and moderate to steep lower banks

6 Moderate to heavy vegetation with moderate upper bank
slope and flat lower bank slope

7 Moderate to heavy vegetation with flat upper bank slope
and flat lower bank slope

8 Rock

Results of the 2008 FRR showed that 83.3% of the riverbanks showed little to no erosion,
while some erosion was found for 16.1% of the reach and extensive erosion was found in
0.6% of the Turners Falls Impoundment.
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Example of Full River Reconnaissance Map — Turners Falls
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Photographs are available at several erosion sites in the Turners Falls Impoundment taken
before and after riverbank stabilization projects that have occurred with implementation
of the ECP. Many of the erosion sites identified in the ECP have been stabilized by a
range of measures including placement of rock at the toe of the slope, coir logs,
placement of large woody debris, various fabrics, and planting of vegetation including
riparian and aquatic. Some re-shaping of riverbanks has also been conducted at some
sites. An example of the transformation from an unstable, eroding riverbank to a
stabilized riverbank is shown in Figure 17. As shown by this comparison of photos from
before 2004 to 2008, the eroding bank has been stabilized by placing relatively small
rock at the toe of the slope and planting vegetation above the rock on the formerly eroded
bank. The 2008 photo shows the transformation from erosion to stability accomplished
by this effort. Appendix H provides other examples of riverbank stabilization efforts in
the Turners Falls Impoundment. From the commencement of implementation of the ECP
to the present, approximately 14,000 feet of riverbank have been stabilized in the Turners
Falls Impoundment.

In addition to stabilization of erosion sites, natural stabilization processes as a result of
increasing expansion of vegetation has been observed over the period from 1998 to 2008.
Areas of increased vegetation on upper riverbanks — both relative to density as well as
height have been observed over this time period. Some areas of dense aquatic vegetation
on lower riverbanks have also been observed. An example of natural stabilization
processes is shown in Figure 18 where ongoing erosion processes are evident in 1996
with numerous trees that have fallen down, other trees tipping and on the verge of falling
along with fresh erosion scars. This area of erosion is located immediately downstream
of Vernon Dam on the east side of the Connecticut River. In 2008, there are no recently
fallen trees, very few tipping trees, and an increased band of trees and other vegetation is
growing in the transition area between the steep upper bank and the flatter lower bank
where beach formation is evident. Less fresh erosion scarring can be seen.  Other
examples of these natural stabilization processes through increasing vegetation expansion
in the Turners Falls Impoundment are shown in Appendix I. Additional expansion of

vegetation was also noted during a field trip observing riverbank conditions taken in the
fall of 20009.
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Site 6 — Skalski, prior to 2004

Site 6 — Skalski, 2008 (from Maintenance Inspection Report)

Figure 17. Comparison of Skalski Site pre 2004 to 2008
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1996 — Eddy-induced erosion downstream of Vernon Dam

2008 — Eddy-induced erosion downstream of Vernon Dam

Figure 18. Natural stabilization processes 1996-2008 downstream of Vernon Dam
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4.2.4 Riverbank Erosion — Holyoke Impoundment

Erosion sites identified in the Holyoke Impoundment were photographed in 1997 and
again in 2008. The locations of the erosion sites are shown in Figure 19. An example of
riverbank erosion in the Holyoke Impoundment from 1997 to 2008 is shown in Figure 20.
The extent and severity of erosion is similar and has continued over this 11-year time
period (see Appendix J for a comparison of photos of the various erosion sites from 1997
to 2008 in the Holyoke Impoundment). The various sites eroding in 1997 were still
eroding in 2008. While no evaluation of the extent or percentage of riverbanks
experiencing erosion is available, geo-referenced video tapes were taken to document
riverbank conditions for this reach of river in 2008.
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Figure 19a. Location of Erosion Sites — Holyoke Impoundment, 1997
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Figure 19b. Location of Erosion Sites — Holyoke Impoundment, 1997
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Figure 19c. Location of Erosion Sites — Holyoke Impoundment, 1997
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Holyoke Pool — Location D

1997

2008

Figure 20. Riverbank Erosion Holyoke Impoundment, Site D 1997-2008
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S. Discussion of Erosion along the Connecticut River

Information from a variety of sources was compiled regarding riverbank erosion along
the Connecticut River. Available information covers most of the Connecticut River
including from many of the low-head hydropower impoundments including Bellows
Falls, Vernon, Turners Falls, and Holyoke Impoundments as well as from the longest
free-flowing reach from Pittsburg to Gilman. The reaches not covered by the available
information include: a) the uppermost reach from its origin to Canaan Dam, b) the
seasonally fluctuated storage reservoirs (Comerford and Moore Reservoirs), and from
Holyoke Dam to Long Island Sound. Information from approximately 240 miles of river
was obtained representing 59% of the overall river length. A wide range of
flow/operation conditions occur in these reaches for which riverbank erosion information
was obtained.

Riverbank erosion occurs in the reaches described above whether free-flowing or
impounded for hydropower operations. The ubiquitous nature of riverbank erosion in the
Connecticut River provides yet another example of the dynamic nature of rivers
explained in the scientific literature. The scientific literature (Leopold, et al, 1964) states
that even under ideal conditions in the so-called “equilibrium” channel in real-world
conditions:

In actuality a natural channel not only carries sediment but migrates laterally by
erosion of one bank, maintaining on the average a constant channel cross section
by deposition at the opposite bank. In this case the condition of no bank erosion is
replaced by an equilibrium between erosion and deposition. The form of the cross
section is “stable,” meaning constant, but position of the channel is not.

Furthermore, Schumm (1977) states that,

Frequently environmentalists, river engineers, and others involved in navigation
and flood control consider that a river should be unchanging in shape, dimensions
and pattern. This would be very convenient. However, an alluvial river generally
is changing its position as a consequence of hydraulic forces acting on its bed and

banks.

Archaeologists have provided clear evidence that the lateral shift of channels is
completely natural and to be expected.

In summary, archaeological, botanical, geological, and geomorphic evidence
supports the conclusion that most rivers are subject to constant changes as a
normal part of their morphological evolution.

The fact that erosion is found in all reaches and all conditions encountered in the alluvial

sections of the Connecticut River is to be expected as a natural part of alluvial channel
geomorphology.
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As demonstrated by the available information, riverbank erosion occurs in all reaches of
the Connecticut River. Beyond this basic fact, there are differences in hydraulics and
hydrology — some reaches are subject to peaking hydropower operations and others not
that provide insight into the potential effect on riverbank erosion. The Connecticut River
is separated into three types of reaches including: a free-flowing reach from Pittsburg to
Gilman; low-head hydropower impoundments that operate in both run of river and
peaking power modes (Wilder, Bellows Falls, Vernon, and Holyoke?); and low-head
hydropower impoundment that operates in run of river and peaking power modes plus
pumped-storage mode (Turners Falls). The following points can be made based on the
available information and observation of these three types of reaches.

The free-flowing reach (Pittsburg to Gilman):

e This reach responds to a relatively natural seasonal hydrograph and associated
natural water level variations.

e The velocity of flow in this free-flowing reach is generally higher than impounded
reaches. The channel bed slope of the river is generally steeper resulting in
increased velocities.

e Based on Field’s (2004) evaluation, the primary causes of erosion are: “I)
channelization; 2) land clearance and other human land use in tributary
watersheds; 3) continuing adjustments to deglaciation; 4) agricultural practices
in the riparian zone; 5) dams; and 6) reforestation of hillslopes cleared in the 18
and 19" Century.”

e Significant riverbank stabilization and erosion protection has been constructed
with 17.1% of the riverbanks being rip-rapped.

e Erosion in some unprotected areas was attributed to erosion protection in adjacent
segments of riverbank.

e Observations indicate boat use in this free-flowing reach is predominantly smaller
boats (fishing, duck hunting) rather than larger boats that typically are used in
impounded reaches.

e Field’s (2004) study showed that 25.8% of the riverbanks were eroding, 22.6%
were moderately eroding for a total of 48.4% of the riverbanks experiencing
erosion.

The low-head hydropower reaches with run of river/peaking operation (Wilder, Bellows
Falls, Vernon, and Holyoke):

e These low-head dams create relatively narrow impoundments with decreased
velocities through a range of flows.

e These hydropower plants generally operate either as run-of-river, when flows
exceed the hydraulic generating capacity of the project; or as a peaking project,
when flows are within the hydraulic generating capacity of the project. Peaking
power operations result in fluctuations in water level in the impoundment
upstream of the dam and fluctuations in flow and water level in the impoundment

* While Holyoke is technically a daily cycle hydropower operation, the storage capacity of the upstream
reservoir is so limited that it essentially operates as a run-of-river facility.
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downstream of the dam. Multiple boat launches exist along these impoundments
and motorized boats resulting in waves are used on these impoundments.

While some localized riverbank stabilization exists, almost all erosion sites
identified in 1997 appeared to be in essentially the same condition in 2008
indicating that these sites of significant erosion continue to experience erosion.

Turners Falls Impoundment with low-head hydropower impoundment operating in both
run-of-river and peaking power mode plus pumped storage:

This low-head dam creates a relatively narrow impoundment that generally
decreases velocities through a range of flows. The French King Gorge (a narrow,
rocky gorge) located a relatively short distance upstream of the Turners Falls Dam
creates a pinch-point (natural hydraulic control) such that hydraulic conditions at
moderate to high flows in the river upstream of the gorge are controlled by the
natural resistance to flow and restriction of the flow through this narrow gorge.
Thus, this reach operates as an impoundment at low to moderate flows, but from
moderate to high flows; the reach upstream of French King Gorge operates as a
river being controlled by this natural constriction.

Turners Falls Hydroelectric Project operates as a run-of-river project when flow
exceeds the facility’s turbine capacity and generally in a peaking mode when
flows are below the turbine capacity. Hydroelectric operations at the upstream end
of the impoundment follow the same modes (peaking when the flow is less than
hydraulic generating capacity and run-of-river when the flow is greater than the
hydraulic capacity) due to operations at Vernon Dam. Additionally, the
Northfield Mountain Project operates as a peaking project, typically generating
during the day and pumping water to the upper reservoir at night. Water level
fluctuations in the Turners Falls Impoundment are the result of operations at
Vernon which propagate flow and water level fluctuations through the
impoundment as well as due to operations at the Turners Falls and Northfield
Mountain Projects. These operations and analyses of hourly data are found in
Simons & Associates, 2012. Multiple boat launches exist along the impoundment
and powerboats are used on this impoundment.

Many erosion sites identified in the 1990s have been stabilized through
implementation of the ECP.

The fact that riverbank erosion exists in a variety of conditions (free-flowing and
impounded) along the Connecticut River with different operations (run of river/peaking
power, pumped storage) and responses provides an opportunity to learn from this range
of conditions and differences or similarities between the various reaches. Various points
can be made based on a comparison of these reaches of river.

The greatest percentage (48.4%) of erosion occurs in the northern unimpounded,
free-flowing reach from Pittsburg to Gilman. This is consistent with the 1979
USACE analysis where a theoretical comparison of hydraulic forces associated
with various causes of erosion showed that “the presence of pools reduces bank
erosion on the order of 34 percent compared to the natural river,” because of
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reduced velocities and shear stresses which outweighs increased forces due to
pool fluctuations in the analysis of forces.

e The least percentage (16.7%) of erosion is found in the Turners Falls
Impoundment (with run of river/peaking power and pumped storage hydro
operations). This is likely due to somewhat decreased riverine forces as a result
of a lower natural longitudinal slope and impoundment, implementation of the
ECP, and some natural stabilization processes observed in this reach.

e Even without the 14,000 feet of stabilization through the ECP in the Turners Falls
Impoundment which represents about 7% of the length of both sides of the river,
the percentage of erosion in this reach would be much less (at 16.7 +7 = 23.7%,
10.44 miles) than the percentage (48.4%, ) of erosion documented in the northern,
free-flowing reach (especially considering that 17.1% [28.3 miles] of the northern
reach has been rip-rapped and 10.5 %, [4.91 miles] of the Turners Falls
Impoundment has been rip-rapped).

e The 1979 study showed 19.84 miles of eroded bank in the Wilder Impoundment,
4.05 miles in Bellow Falls, 9.91 miles in Vernon, and 3.13 miles in Turners Falls.
While no percentage or length information is available of current erosion sites in
the low-head hydropower impoundments (Wilder, Bellows Falls, Vernon, and
Holyoke) as of 2008, the upstream impoundments had the greatest number of
erosion sites based on the 1979 study (which did not include the northern,
unimpounded reach). Based on the 2008 inspection in Bellows Falls, Vernon, and
Holyoke all but one of 23 erosion sites identified in 1997 were in essentially the
same eroding state in 2008.

As shown in Figure 21 (from the USACE study, 1979), water level fluctuations are
largest in the Turners Falls Impoundment due to the pumped storage facility in addition
to the run of river/peaking power operation compared to other hydropower
impoundments. More recent data (9/1/2012 — 10/23/2012) from USGS stations at Dalton,
West Lebanon, North Walpole, and at Montague City present the gage height
hydrographs. The Dalton gage (Figure 22) is in a free-flowing reach upstream of the
Wilder Impoundment, West Lebanon (Figure 23) is located in the Bellows Falls
Impoundment a short distance downstream of the Wilder Dam, North Walpole (Figure
24) is in the Vernon Impoundment a short distance downstream of the Bellows Falls
Dam, and Montague City (Figure 25) is downstream of the Turners Falls Dam in the
Holyoke Impoundment. Dalton represents a free-flowing reach of river while the other
gages show the typical fluctuations associated with peaking power operations in their
respective impoundments. Fluctuations are in the 3 to 4 foot range at West Lebanon
(Bellows Falls Impoundment — also affected by inflow from Wilder), predominantly 3
feet at North Walpole (Vernon Impoundment — also affected by inflow from Bellows
Falls), and 4 to 5 feet in the Holyoke Impoundment — also affected by releases
fromTurners Falls. These recent data show that fluctuations are approximately one foot
larger in amplitude downstream of the Turners Falls Impoundment (in the Holyoke
Impoundment) compared to fluctuations in upstream impoundments, which appears to be
a smaller increase in fluctuations associated with Turners Falls as also demonstrated in
Figures 26 through 28. These figures compare water level fluctuations that result from
peaking power operations due to Vernon at the upstream end of the Turners Falls
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Impoundment to fluctuations at the Northfield Mountain Tailrace. =~ Water level
fluctuations at the upstream end of the Turners Falls Impoundment are due to peaking
power operations at Vernon Dam and typically range from about 2 to 4 feet in amplitude
in the examples from July 1997 and December 2000. At the Northfield Mountain
Tailrace, water level fluctuations ranged from about 2 to 4 feet in July 1997 and
approximately 2 to 5 feet in December 2000. Thus, water level fluctuations in the
Turners Falls Impoundment are similar to or up to about 1 foot larger in amplitude
compared to fluctuations in other impoundments.
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Figure 21. Water level fluctuations at four hydropower impoundments
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Figure 22. Gage height near Dalton, NH 9/1/2012-10/23/2012
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Figure 23. Gage height at West Lebanon, NH 9/1/2012-10/23/2012
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Figure 24. Gage height at North Walpole, NH 9/1/2012-10/23/2012
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Figure 25. Gage height at Montague City, MA 9/1/2012-10/23/2012
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Figure 26. Water Level Fluctuations in Turners Falls Impoundment, 7/11-16/1997

Figure 27. Water level fluctuations in upper Turners Falls Impoundment due to
operations at Vernon, December 2000
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Figure 28. Water level fluctuations at Northfield Mountain Tailrace, December 2000

The greatest extent of erosion is found in the reach of river that has the greatest extent of
stabilization and minimal to no water level fluctuations due to hydroelectric operations.
Within reaches that are impounded for hydroelectric operations, the impoundment with
somewhat larger water level fluctuations experiences the least erosion. Comparison of
erosion with respect to water level fluctuations suggests that the water level fluctuations
do not play a significant role in the riverbank erosion process.

Stabilization efforts have been conducted in various reaches of the Connecticut River.
While stabilization projects can reduce the severity and extent of erosion, riverbank
erosion resulting in channel change and lateral shifting is a natural geomorphic process as
discussed in the scientific literature. A benchmark of natural alluvial river processes can
be seen in rivers located in national parks where hydropower, powerboats, agriculture,
and riverbank stabilization is not typically allowed. Riverbank erosion in rivers located
in national parks is readily evident as shown in the example photographs below (Figures
29 and 30). Appendix K presents additional examples of significant riverbank erosion
occurring in national parks. The fact that erosion of rivers in areas without significant
human influence clearly demonstrates the natural dynamics of alluvial rivers as
previously explained in the scientific literature.
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Figure 29. Yellowstone River — Yellowstone National Park

Figure 30. Middle Fork of the Flathead River — Glacier National Park
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Given the dynamic nature of alluvial rivers, complete control of erosion is impossible
without taking extreme measures resulting in an unnatural channel and would contradict
natural geomorphic processes. In analyzing the Connecticut River, Field (2007)
commented on the nature of riverbank sediment found in the Turners Falls Impoundment
reach of the Connecticut River.

Most of the riverbank sediments in the Turners Falls Pool are naturally
susceptible to erosion given their noncohesiveness and fine-grained
texture.

Observation of other reaches of the Connecticut River indicates similar erodible
sediments consistent with deposition in old Lake Hitchcock that extended through much
of the length of the river.

Furthermore, Field stated (2007),

“Erosion is a naturally occurring phenomenon that is present even on
rivers in equilibrium where erosion is offset by an equal amount of
deposition in adjacent areas.

Field (2004) in evaluating the best approach to “help preserve surrounding farmland” he
discussed ill-advised erosion protection and the need to allow some degree of erosion
before the river will shape itself into a more stable pattern.

Completely stopping the erosion with riprap or other bank armoring
techniques, however, will lock the channel instabilities in place and
potentially transfer the erosion processes further downstream.

He then advises to “identify how far the erosion will extend” stating that even an
aggressive erosion protection technique “riprap to fail and allow the erosion to
continue” and allow the river to erode by simply planting a buffer zone of riparian
vegetation until “reaching this more natural configuration.” He also supports the
approach to “acquire conservation easements in order to reduce human conflicts.”

Field (2007) discussed a potential problem riverbank stabilization projects noting that,
“both riprap and bioengineering projects, could lead to increased erosion elsewhere.”

This material from Field recommending not to “fix” every erosion issue along the
Connecticut River is consistent with the approach taken by the Vermont Agency of
Natural Resources (VANR). Natural rivers, even those in “equilibrium,” are expected to
experience changes in position through processes of riverbank erosion and lateral
shifting.  Artificially constraining the river’s position via erosion protection or
stabilization projects can adversely affect riverbanks upstream, downstream or across the
river and it raises the question as to the role, objective, or extent of such stabilization
projects. The VANR suggested an alternative approach in their 2007 “River Corridor
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Planning Guide to Identify and Develop River Corridor Protection and Restoration
Projects.” Their river corridor concept is based on the concept of dynamic equilibrium of
rivers where “Streams in equilibrium may still erode their banks, migrate over time
across their valleys, and periodically experience small-scale lateral and/or vertical
adjustments.” They advocate “Defining and protecting the meander belt width corridor
that will accommodate equilibrium conditions may be the most important aspect in any
river restoration project.” In other words, enough room needs to be allowed for a river
to move and adjust within the concept of dynamic equilibrium. Or, as stated by Sharon
Francis, (Executive Director - Connecticut River Joint Commissions), “4 wise public
must give the river room to be a river.” This concept is reinforced by the VANR when
they state that, “In nearly every Vermont watershed, there will be a need to reduce or
remove constraints to the lateral adjustment of the stream channel.” In other words, give
the river room to be a river. They explain further,

“Restoration projects have traditionally attempted to resolve conflicts by ‘fixing,’
and often re-fixing, the location of the channel. Inevitably, when the restoration
planner ignores the channel evolution process, the energy of a large flood brings
another round of traditional channel works perpetuating the conflicts at the
restoration site or exacerbating the conflicts somewhere downstream.”

This concept has been developed and utilized in other states including Montana, New
Mexico, and Ohio and was studied by the Federal Emergency Management Agency
(FEMA), 1999, “Riverine Erosion Hazard Areas - Mapping Feasibility Study,”

While riverbank stabilization and erosion protection can be successful in reducing
erosion, examples of the adverse consequences of such activities exist on the Connecticut
River. The fact that the VANR and the CRJIC (as well as other states and agencies) have
expressed concern over constraining rivers beyond their natural dynamic nature to the
extent that documents and regulations have been written to accommodate lateral
migration and channel shifting (which necessarily means allowing some degree of
riverbank erosion). The fact that rivers cannot be completely controlled must be
considered carefully in future evaluation and planning for such projects.

6. Conclusions

Some erosion of riverbanks is occurring along the length of the Connecticut River, both
in free-flowing reaches and within reaches impounded by dams. Erosion has been
occurring along the Connecticut River over a long period of time, likely since the
draining of Lake Hitchcock and on to the present; and for as long as observations have
been documented, as shown in available material as early as a half-century ago in the
1950s. The fact that some erosion is occurring is consistent with the fact that rivers are
dynamic; meaning that they experience lateral migration, and continually change in
dimension, shape, and pattern. Other than reaches consisting of bedrock or other
materials and characteristics that are resistant to erosion, or have been stabilized; erosion
or the potential for erosion is ubiquitous throughout the various reaches or segments of
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the Connecticut River. Erosion exists in all of the impoundments as well as in free-
flowing reaches of the river.

Despite the fact that there has been similar extent of erosion control or riverbank
stabilization in the northern, free-flowing reach of the Connecticut River compared to the
Turners Falls Impoundment (17.1% rip-rapped for the northern, free-flowing reach vs.
10.5% rip-rapped plus 7% bio-engineered stabilization through the ECP for the Turners
Falls Impoundment); the reported percentage of eroding river in the northern, free-
flowing reach is approximately triple (48.4% to 16.7%) compared to the Turners Falls
Impoundment. The fact that erosion is greater in the free-flowing reach compared to an
impounded reach is consistent with the analysis presented in the 1979 USACE report
because an impounded reach generally experiences reduced velocities and reduced shear
stresses which outweighed impoundment fluctuations in causing riverbank erosion.

While no recent quantitative assessment of the riverbanks in the Bellows Falls, Vernon or
Holyoke Impoundments is available at this time; individual erosion sites found in 1997
were re-visited and photographed in 2008. From a qualitative perspective, based on the
comparison of photos of erosion sites from 1997 to 2008, in these three other
impoundments all but one of the erosion sites in 1997 continues to experience virtually
the same degree of erosion in 2008. Many of these erosion sites are significant both in
size and severity. In contrast, most of the severely eroded sites in the Turners Falls
Impoundment found in 1997 have been stabilized by 2011 through implementation of the
ECP. Some natural stabilization processes of increased upper bank vegetation and areas
of dense low bank aquatic vegetation have also been observed in the Turners Falls
Impoundment.

Despite somewhat larger pool fluctuations as a result of the combination of fluctuating
discharges from upstream releases at Vernon, fluctuations in water level due to peaking
power operations at the Turners Falls Dam (Cabot Station), and water level fluctuations
due to peaking power operations due to the pumped-storage facility (Northfield
Mountain); these fluctuations have not resulted in greater erosion in the Turners Falls
Impoundment compared to other reaches along the Connecticut River. This may be
because impoundment fluctuations do not play a large role in eroding banks as suggested
by the 1979 USACE study which attributed 15-18% of the cause of erosion to
impoundment fluctuations, the buffering effect of impoundments which tend to slow river
velocities, natural stabilization, and/or stabilization efforts at most of the severely eroded
sites through implementation of the ECP. Whatever the reason (or combination of
reasons), there is no evidence to support the argument that impoundment fluctuations
resulting from a combination of hydropower projects cause greater erosion in the Turners
Falls Impoundment because riverbank erosion is less severe and/or less extensive
compared to any other reach of the Connecticut River.
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Appendix B — Erosion and Bank Composition Maps — Northern Connecticut River
(after, Field Geology Services (2005)
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Bank Stability and Composition on the Connecticut River in central Columbia, NH.
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Bank Stability and Composition on the Connecticut River in northern Columbia, NH.
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Bank Stability and Composition on the Connecticut River in southem Columbia, NH.
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Bank Stability and Composition on the Connecticut River in northern Dalton, NH.
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Bank Stability and Composition on the Connecticut River in central Lancaster, NH
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Bank Stability and Compaosition on the Connecticut River in southem Lancaster, NH
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Bank Stability and Composition on the Connecticut River in central Lemington, VT
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Bank Stability and Composition on the Connecticut River in southem Lemington, VT
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Bank Stability and Composition on the Connecticut River in southem Lunenburg, VT.
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Bank Stability and Composition on the Connecticut River in northern Maldstme ‘u'T
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Bank Stability and Composition on the Connecticut River in southem Maidstone, VT
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Bank Stability and Composition on the Connecticut River in northern Northumberland NH
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Bank Stability and Composition on the Connecticut River in southem Northumberland
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Bank Stability and Compaosition on the Connecticut River in central Stewartstown, NH.
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Bank Stability and Gomposm-:)n on the Connecticut River in northern Stewartstown, NH
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Bank Stability and Composition on the Connecticut River in southem Stewartstown, NH.

Ty L e T e T 1 L L IR I W T Y

4| Locator Map

Enfanged magp area

MAP LEGEND

L

Bank Stabllity
/ IS [ hannelization
I
i High enoding banks
F categories
H \ from tributaries
i Undifferentiated
§ Moderate Erosion
1 I Sighle
e Rip Rap
Odd Rip Rap
Bank Composition

[

T,
\.ﬁr""'&ll *"‘ S

W
. R EAR U
Map scuce: Basemap - UEGSE DRG guads, WVOGE 2004 Wit o from: - |mu'\|-':u'.'r|;r||
Frald surway cata - Flokd Geckgy Servdoes 2004 Services
Nap Prepaned Dacambear 2005

36




Bank Stability and Compaosition on the Connecticut River in central Stratford, NH.
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Bank Stability and Compaosition on the Connecticut River in southem Stratford, NH.
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Appendix C — Bellows Falls Pond Bank Inspection, 1991

30 May 1991

GENERAL

The Bellows Falls Pond banks were inspected by boat on 30 May 1991. The
inspection party consisted of Bernard Hinds - Bellows falls,

John Huysentruyt - Lebanon, and Christopher Kane and

Armand Millette - Westborough, Civil Engineering.

The boat was launched from the ramp on the New Hampshire side of the
river, 0.3 miles above Windsor Bridge. The bridge gage reading was
Elevation 116.45 and the boat became moored on shoals just downstream of
the bridge. Note: The gage must read Elevation 116.5 or higher to
negotiate this section of the river. The deepest channel hugs the
Vermont shore. The river flow at Bellows Falls dam averaged 6,400 CFS.

Generally, the pond banks have continued to be active ¢ince the 1977

inspection. The following properties continue to cut back and be active
as previously noted:

_River Mile __ Original Owner ~  _File No. = _ Riverbank

| I 24.3 - 23.7 L. M. Baker BF-303 New Hampshire
2. 21.0 W. J. Wilgus BF-147 Vermont
3. 13.8 Whitmore BF-225 New Hampshire
4. 12.6 - 12.0 V. W. Tallman BF-229 New Hampshire
5. 11.5 - 11.0 Vital Blais BF-86 Vermont
6. 5.8~ 5.7 Kenyon BF-73 Vermont
y 5.7 - 5.3 New England Power Co. BF-68 Vermont
8. 4.9 - 4.5 Stearns-Piper BF-184,185 New Hampshire
9. 4.5 - 4.2 New England Power Co. BF-182,183 New Hampshire
10. 2.2~ 1.9 Rutland Railroad BF-56 Vermont
1. 1.3 - 1.2 New England Power Co. BF-173b New Hampshire
12. 1.2 - 0.8 Cray 011 Company BF-172b New Hampshire

At River Miles 22.4 and 22.1, a large outwash was observed in 1976 at
each location on the Vermont side with steep sided gullies back from the
river several hundred feet., The 20 May 1976 inspectior of both Tocations
between Route 5 and the river indicates each area is the result of
uncontrolled drainage from an intermittent sand and gravel operation
(Mile 22.4) and a 10-acre cornfield (Mile 22.1). This erosion problem is
on the following properties:

River Mile OQOriginal Owner @~  Eile No. @ Riverbank

22.4 A. G. Hestney BF-25C Vermont
22.1 F. D. Whitcomb BF-149 Vermont

TN

New England Power Company has flowage rights on both properties. The
HWhitcomb property shows evidence to control the erosion because numerous

1D 6269 -1- AJM/CGK:  May 1991
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Appendix D — Bellows Falls Impoundment Erosion Site Comparison: 1997-2008

Bellows Falls Impoundment Location 1

1997

2008



Bellows Falls Pool — Location 2

1997

2008



Bellows Falls Pool — Location 3

1997

2008



Bellows Falls Pool — Location 4

1997

2008



Bellows Falls Pool — Location 5

1997

2008



Bellows Falls Pool — Location 6

1997

2008



Bellows Falls Pool — Location 7

1997

2008



Bellows Falls Pool — Location 8

1997

2008



Bellows Falls Pool — Location 9

1997

2008



Bellows Falls Pool — Location 10

1997

2008

10



Appendix E — Vernon Impoundment Erosion Site Comparison: 1997-2008

Vernon Pool — Location I

1997

2008



Vernon Pool — Location J

1997

2008



Vernon Pool — Location K

1997

No photo in 2008



Vernon Pool — Location L

1997

2008



Vernon Pool — Location M

1997

2008



Appendix F — Examples of Vernon Impoundment Erosion in 1954
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Appendix G — Turners Falls Impoundment FRR Summary Maps, 2008
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Appendix H — Turners Falls Impoundment, Photos of Repaired Erosion Sites

Site 7 — Flagg, 1998

Site 7, Flagg (South), 2008 (from Maintenance Inspection Report)



Site 4 — Urgiel (upstream), before 2001

Site 4 — Urgiel (upstream), 2008 (from Maintenance Inspection Report)



Site 6 — Skalski, prior to 2004

Site 6 — Skalski, 2008 (from Maintenance Inspection Report)



Appendix I — Turners Falls Pool, Natural Stabilization Processes

1996 — Eddy-induced erosion downstream of Vernon Dam

2008 — Eddy-induced erosion downstream of Vernon Dam

Natural stabilization processes 1996-2008 downstream of Vernon Dam



Right Bank near downstream end of Stebbin’s Island - 1998

Right Bank near downstream end of Stebbin’s Island - 2008



Riverbank Segment with some low bank vegetation - 1998

Riverbank Segment with dense low bank vegetation - 2008



Close-up of low bank aquatic vegetation - 2008



Appendix J — Holyoke Impoundment Erosion Site Comparison: 1997-2008
Holyoke Pool - Location A

1997

2008



Holyoke Pool — Location B

1997

2008



Holyoke Pool — Location C

1997

2008



Holyoke Pool — Location D

1997

2008



Holyoke Pool — Location E

1997

2008



Holyoke Pool — Location F

1997

2008



Holyoke Pool — Location G

1997

2008



Holyoke Pool — Location H

1997

2008



Appendix K. Riverbank Erosion on other Rivers

Yellowstone River — Yellowstone National Park

Yellowstone River — Yellowstone National Park



Yellowstone River — Yellowstone National Park

Yellowstone River — Yellowstone National Park



Yellowstone River — Yellowstone National Park

Y
Yellowstone River — Yellowstone National Park



Yellowstone River — Downstream of Yellowstone National Park

Yellowstone River — Downstream of Yellowstone National Park



Middle Fork Flathead River — Glacier National Park

Middle Fork Flathead River — Glacier National Park



Avalanche Creek — Glacier National Park

Avalanche Creek — Glacier National Park



Avalanche Creek — Glacier National Park

Avalanche Creek — Glacier National Park



Middle Fork Flathead River — Glacier National Park

Middle Fork Flathead River — Glacier National Park



Middle Fork Flathead River — Glacier National Park

Middle Fork Flathead River — Glacier National Park



Middle Fork Flathead River — Glacier National Park
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Flathead River - Montana

11



Bow River — Banff National Park, Canada

12



River in British Columbia
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National Creek — Wrangell-St. Elias National Park, Alaska*

National Creek — Wrangell-St. Elias National Park, Alaska*

* After Hart-Crowser, 2005,“Geomorphic Assessment National Creek Kennecott, Alaska”
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National Creek — Wrangell-St. Elias National Park, Alaska

National Creek — Wrangell-St. Elias National Park, Alaska
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South Fork Skokomish River, Washington

South Fork Skokomish River, Washington
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Lower Osage River, Missouri

Lower Osage River, Missouri

17



Rio Sao Francisco, Brazil

Rio Taquari, Brazil
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