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Executive Summary

Franklin County Natural Resources Conservation District (FCNRCD) and other project partners
are designing the removal the Trout Brook Reservoir Dam. This dam removal design report
includes a description of the current state of the dam, data collection, hydrology calculations,
hydraulic modeling, alternatives analysis, and basis of design.

The Trout Brook Reservoir Dam is located on Trout Brook, a significant tributary that enters the
Missisquoi River just above Enosburg Falls. The unmaintained dam is a legacy of the Village of
Enosburg’s former water supply system, which has been replaced by nearby wells. The dam is
not currently serving a purpose and is no longer functional for its original purposes of a drinking
water supply. The dam and surrounding property are owned by the Village of Enosburg Falls
and located off of Reservoir Road in Berkshire, Vermont.

The dam is in poor condition, generally deteriorated, and no longer being used. It represents a
public safety concern. The concrete is deteriorating on all sections of the dam with cracking,
spalling, and chunks missing. Seepage is occurring under and through pour joints in the dam at
multiple elevations. The joint approximately at the normal pool is severely corroded on
upstream and downstream, and likely to detach. Portions of the primary spillway have
detached, lowering the normal pool from the original elevation.

The drainage area above the dam is 1.8 square miles. The dam blocks the movement of fish
and other aquatic organisms. If the dam is removed it will reconnect 4.8 miles of headwater
habitat. The impoundment deteriorates water quality and habitat.

A range of alternatives were evaluated that consider both dam removal and accumulated
sediment removal. This analysis suggests that Alternative 5 — Remove dam and sediment in
river corridor to approximate upstream extent of maximum former impoundment (to RS 3640) —
is recommended as a good balance between project cost and risk reduction via sediment
removal. This alternative would remove the failing dam, remove the sediment most likely to
move within the next few decades, and restore the channel and floodplain.

The concept design includes full dam removal, removal of impounded sediment within a 100-
foot-wide river corridor, excavation to remove reed canary grass, protection of existing water
infrastructure, and replacement of an undersized culvert on the access road. In summary, this
concept design would naturalize hydraulic patterns, restore sediment transport, protect
infrastructure, improve AOP, and increase public safety.

Preliminary and final design include the same extent of sediment removal as the concept
design, with a 100-foot river corridor and reed canary grass removal area. Replacement of the
access road culvert downstream is not included in preliminary or final design as this item will be
completed in conjunction with the solar project development on the property, which is being
designed and permitted separately from the dam removal and will also be implemented
separately. Wood structures were added to the design between the concept design and
preliminary design stages to provide additional resistance to erosion within the sediment
removal area and the creation of instream habitat features once the dam is removed.
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1.0 Introduction

The Franklin County Natural Resources Conservation District and other project partners are
working towards the removal of Trout Brook Reservoir Dam in Berkshire, Vermont. This poor
condition dam is obsolete and breached. The dam is not currently serving a purpose and is no
longer functional for its original purposes of a drinking water supply. The dam impacts water
quality, habitat, public safety, and aquatic organism passage.

1.1 Purpose

This project generally includes a dam removal feasibility analysis and concept design for dam
removal including data collection, hydraulic modeling, alternatives analysis, and engineering
design.

1.2 Objectives

The objectives of the project are to:

Naturalize the river and floodplain to restore dynamic equilibrium;
Improve water quality;

Restore aquatic organism passage (AOP);

Restore wildlife habitat in the stream corridor;
Restore connectivity of habitat blocks;

Reduce flood and erosion risks;

Balance sediment removal and ecosystem benefits;
Minimize future maintenance needs at the site;
Improve site safety;

Consider impacts to infrastructure;

Meet landowner desires for site; and

=A =4 =4 =4 =4 =4 4 4 -4 -4 4 -4

Minimize construction costs.

2.0 Background

The Trout Brook Reservoir Dam is located on Trout Brook, a significant tributary that enters the
Missisquoi River just above Enosburg Falls (Figure A). The unmaintained dam is a legacy of
the Village of Enosburg Falls’s former water supply system, which has been replaced by nearby
wells. The dam and surrounding property are owned by the Village of Enosburg Falls and
located off of Reservoir Road in Berkshire, Vermont.

The dam is in poor condition, generally deteriorated, and no longer being used. It represents a
public safety concern. The drainage area above the dam is 1.8 square miles. The dam blocks
the movement of fish and other aquatic organisms. If the dam is removed it will reconnect 4.8
miles of headwater habitat according to The Nature Conservancy Vermont Dam Screening Tool.

Nk
1 s
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Figure A: Location Map (USGS)

The FEMA Flood Insurance Rate Map (FIRM) shows that a FEMA zone A (i.e., approximate)
floodplain exists at the project site (Figure B). This area was not studied with detailed methods
and no BFE exists at the site.

Franklin County Natural Resources Conservation District (FCNRCD) is designing the removal
the Trout Brook Reservoir Dam. This dam removal design report includes a description of the
current state of the dam, data collection, hydrology calculations, hydraulic modeling, alternatives
analysis, basis of design and an engineer’s opinion of probable project cost.
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Figure B: FEMA Flood Insurance Rate Map (FIRM) (1983)

3.0 Trout Brook Reservoir Dam

Brief dam safety and structural evaluations were done in the field by SLR in spring 2023 and by
reviewing existing information.

3.1 Dam Safety

No dam safety inspection reporting is on file with Vermont Dam Safety. The Vermont Agency of
Natural Resources Dams Inventory lists the dam under primary name Trout Brook Reservoir
and secondary name Enosburg Reservoir (VT# 19.02). Hazard Potential Classification as
Minimal in the state database but based on field observations would be classified as at least
Low due to impoundment size and possibly Significant due to possible negative impacts to
downstream infrastructure and habitat. A normal pool surface area of 4.2 acres and max
storage is 54 acre-feet, which is above the threshold of requiring a Dam Order for work at the
dam (Appendix A).

: S
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No plans or early photos of the dam were available for review. The dam appears on the USGS
topographic maps between the 1943 and 1944 datasets. The Village has not reported any
issues with the dam to date.

Visual observations of Trout Brook Reservoir dam were performed May 5, 2023. The dam is a
concrete gravity dam 128 feet long and 16 feet high (Figure C). The dam is 3 feet wide at the
top and buttressed at 1:4 on the downstream side (Figure D). Upstream of the dam a riprap
slope starts approximately 4 feet below the dam top (1 foot below normal pool water surface)
and slopes at a 2:1 slope. Presence of concrete below the riprap was not able to be confirmed.
A wood and concrete gatehouse sits downstream of the dam to the left of the primary spillway.
There is no emergency spillway, only the primary spillway and dam top. The dam is showing
common signs of decay such as cracked concrete, buried outlet pipe, and seepage.

The concrete volume has been estimated to be 288 CY (Figure E, Appendix A). The concrete
may extend upstream under the riprap slope, but this was not able to be confirmed with probing.
The riprap volume has been estimated to be 370 CY, but may be covering another material.

Figure C: Dam viewed from upstream in impoundment
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Figure D: Dam viewed from the right bank

— FORMER GATEHOUSE

313

—EXISTING GROUND —TOP OF DAM

— SPILLWAY - O P /

UPSTREAM ACCUMULATED
FINE SEDIMENT

-
=

SEDIMENT PR
REFLISAL

ELEVATION (FT NAVDES)

o A THE < :
APPROXIMATE UPSTHEAM CROSS — — A P .
SECTION BASED ON PROBING == = —DOWNSTREAM CROSE SECTION

a 20 40 (] [T 120 140

DISTQ:J;E (FT}
DAM ELEVATION
SCALE: 1"=10'
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3.2 Structural Evaluation

The dam is in poor condition. Conditions of sections of the dam were documented in an
observation report (Appendix B). The concrete is deteriorating on all sections of the dam with
cracking, spalling, and chunks missing (Figures F & G). Seepage is occurring under and
through pour joints in the dam at multiple elevations. The joint approximately at the normal pool
is severely corroded on upstream and downstream, and likely to detach. Portions of the primary
spillway have detached, lowering the normal pool from the original elevation.

The downstream training walls are deteriorating and have large trees growing out of them.
Grass and other plants are growing on the dam top.

The upstream riprap slope appears to be intact, but turbid water and algae made visual
observation impossible, so probing with a rod was used to observe presence.

A large scour hole is present in the downstream channel below the spillway. Undermining of the
dam at the scour hole was not confirmed due to unsafe water flow conditions below the spillway.

The gatehouse is deteriorating and the concrete foundation has been separated and is partially
missing. The outlet valves have not been serviced in decades and it is unknown if the low level
outlet works. The possible location of the outlet pipe upstream of the dam was found by probing
but could not be visually observed.

Figure F: Dam spillway and downstream left training wall and foundation of gatehouse

: S
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Figure G: Dam downstream right face weeping

3.3 Dam Repair Estimate

The dam is in a poor condition that is likely to continue to deteriorate, becoming a higher risk to
public safety over time. Given the poor structural integrity of the dam, significant design,
permitting, and construction costs would be necessary to bring the dam back to safe working
order with the structural integrity needed to ensure public safety.

New dam safety regulations at the state have increased the level of analysis and design
required to obtain permits for new dams and dam repairs. Analysis would include a dam break

: S
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analysis, detailed operation & maintenance plans, geotechnical analysis, and structure analysis.
Engineering plans would need details on dimensions, materials, and construction methods.

Based on the poor condition of the dam and unknown foundation it is likely that a new dam
would be required for the design team to feel comfortable with the structural integrity.

Construction would likely require some level of sediment removal to restore the impoundment,
water control and cofferdams to dewater the construction area, removal of the existing dam,
concrete and forming, and an outlet structure.

Costs could for this level of design, permitting, and construction for a dam of this size is in the
$1,000,000 range and could be significantly higher depending on replacement size and
foundation requirements.

The maintenance costs have been extremely low in recent years. This historic dam has not had
a maintenance program in place for the Village to follow, resulting in no maintenance and no
cost. A new or repaired dam would be required to have an Operation & Maintenance program
approved and on file with the Dam Safety Program. Recent O & M plans for permitted repair
projects have required inspection annually and after large storms, frequent debris clearing and
removal of vegetation, repairs to components every few years, and documentation of all
inspections and repairs. These programs typically cost owners $3,000 to $5,000 annually,
along with the dam annual fees.

4.0 Trout Brook

Trout Brook is a small headwater stream (drainage area at dam ~ 1.8 square miles) that
generally flows south before entering the Missisquoi River. The subject dam is located about
2.3 miles from the confluence, which enters just above Enosburg Falls.

Trout Brook was included in a Phase 1 stream geomorphic assessment of the Missisquoi River
watershed, but phase 2 data do not exist. The Phase 1 reach R14T5.04 is located upstream of
the dam and included mention of the drinking water well, dam, and impoundment for a previous
reservoir. Reach R14T5.03 is located downstream of the dam. Abbreviated geomorphic and
habitat assessments were completed by SLR geomorphologists in June 2023 to understand the
setting of the dam.

4.1 Geomorphology

The Vermont Hydraulic Geometry curves (VTDEC, 2006) predict the channel bankfull width at
the dam to be 17 feet and the bankfull depth to be 1.2 feet. A stream walk was conducted to
perform a rapid geomorphic assessment to identify the likely reference channel form and
estimate the bankfull and floodprone dimensions that would exist following dam removal. The
stream walk covered approximately 5,000 feet (0.9 miles) — 3,500 feet upstream of the existing
dam and 1,500 feet downstream of the dam. Twelve cross sections were investigated. Two
sections were surveyed with a tape measure, level, and rod to measure bankfull and floodprone
dimensions. Bankfull dimensions were measured at ten sections based on field indicators using
a rod and laser range finder.

Bankfull channel width ranges from 5 to 18 feet, and the bankfull channel depth ranged from 1.5
to 3.3 feet (Table A). A riffle-pool channel exists upstream of the impoundment near the start of
the stream walk. The channel has a compound shape and is connected to its floodplain having

Nk
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moderate to low incision. The bankfull width in the upstream riffle-pool channel is between 11
and 17 feet.

Table A: Bankfull Channel and Floodprone Dimension Measurements

Section ID Bankfull Width (feet) Bankfull Depth (feet) Floodprone Width (feet) Notes
1 12 2.8 N/M Upstream start of walk.
2 17 2.0 46
3 11 2.5 N/M Valley width ~90feet.
4 10 3.0 N/M More incised. Valley width ~130 feet.
5R 9 2.3 N/M Split channel with dense vegetated buffer.
5L 6 2.0 N/M Split channel with dense vegetated buffer.
6 5 3.0 N/M Incised (type E) reed canary grass area.
7 8 3.3 N/M Incised (type E) reed canary grass area.
8 10 3.0 N/M Incised (type E) reed canary grass area.
9 14 15 N/M Downstream of dam.
10 12 18 N/M Downstream of dam.
11 17 18 85 Downstream of dam.
12 18 2.2 N/M Downstream end of walk.
Min 5 15 46
Max 18 33 85
Average 11 2.4 66
DESIGN 12 2.0 50-100 Floodprone width varries with valley width.

Approaching the impoundment, the meadow channel flattens and becomes narrower and more
incised. This condition is partially a function of the dam lowering the channel slope, the
accumulation of fine sediment, and the thick vegetation consisting mostly of reed canary grass.
The channel is essentially a vegetated, incised trough with limited hydraulic and habitat
diversity. Bankfull width is between 5 and 10 feet in this location; that is too small to be used as
a reference dimension.

Downstream of the dam the riffle-pool channel type exists again and the bankfull width varies
between 12 and 18 feet. Side channels exist in the floodplain. The bankfull dimensions near
the downstream limit of the stream walk become larger than near the dam and thus are not
suitable for design.

Based on the field observations, the reference stream type is a riffle-pool channel that will likely
contain gravel and have pockets of sand and silt. The design bankfull channel width is 12 feet
and the design bankfull channel depth is 2.0 feet.

Floodprone width is 50 to 100 feet depending on the width of the valley. A floodprone width of
approximately 100 feet will be used for design.

4.2 Habitat

Upstream of the impoundment Trout Brook has good, almost reference, habitat (Figure H). The
habitat assessment started within the confined valley downstream of the agricultural fields,
3,500 feet upstream of the dam. This section has a forested riparian buffer with no
encroachments. Most areas have good vegetated cover of trees, shrubs including alder
elderberry and willows, and herbaceous species such as ferns and rushes. Sections dominated
by reed canary grass are mixed into the floodplain areas along with sections of good mixed
vegetation. Vegetation provides good cover, shading, and undercut banks provide shelter.
Refuge is present in the form of adjacent seeps, wetlands, connected floodplain areas, side
channels, and diverse areas around current and former beaver dams. Large woody debris,
debris jams, and CPOM are common. Some filamentous algae is present in open canopy

Nk
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areas. There is a well-defined riffle-run-pool-glide pattern, with most flow combinations, but little
deep-fast water. Beaver dams have provided shelter, diversity, and increased sinuosity. Some
fine deposition is occurring around beaver dams. Cobble and boulder riffles and gravel bars are
present.

Figure H: Upstream channel

The former impoundment has reduced habitat value. The habitat assessment of the now
dewatered former impoundment reach started at the top of the former impoundment, 2,000 feet
upstream of the dam and ended 960 feet upstream of the dam at the current normal pool edge.
This section appears to have been degraded by the former impoundment and vegetation and
channel features have not recovered naturally. This area has no trees and very few shrubs that
would provide shade, cover, and direct LWD recruitment. Reed canary grass dominates the
vegetation with a few isolated patches of alder (Figure I). Only minor large woody debris and
CPOM were observed. Some bed features are present but riffles are all or partially covered
with fines. Significant algae growth exists. Pools dominate the channel and are long and deep,
with very little hydraulic variation. Thicker fine sediment deposits exist in pools and cover all
features in the lower portion of this reach as the river approaches the impoundment normal
pool. The only refuge is located at an abandoned beaver dam.

The impoundment has smothered habitat with deep slow water filling the former channel and
floodplains. Fine sediment has accumulated, covering the bottom. Thick algae was covering
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the lower third of the impoundment surface when observed in spring 2023 (Figure J). The
edges of the impoundment have good tree cover on the adjacent steep valley walls.

Figure I: Former impoundment, dominated by reed canary grass
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Figure J: Impoundment just upstream of dam

Downstream of the dam Trout Brook has good habitat. The assessment started at the dam and
extended to Reservoir Road, 528 feet. This section has good vegetation cover with 100%
canopy of mixed coniferous and deciduous trees, thick shrub layer of alder and other shrubs,
and a diverse native herbaceous and forb layer (Figure K). A wide riparian buffer exists with
little encroachment other than the culvert crossings. Vegetation provides good cover, shading,
and provides wood and CPOM to the channel. Large Woody Debris is significant in the
channel. There is good refuge in side channels, flood chutes, and low floodplain areas. Bed
features are defined riffle-run-pool-glide patterns with a large number of pools. Finer deposition
is in pools and along margins. Embeddedness and fining are low. Cobble and boulder riffles
and gravel bars are clean. Bank vegetation and many undercut banks provide shelter.

Both the access road culverts and Reservoir Road culvert block sediment transport, constrict
the channel, and limit aquatic organism passage at some flows.
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Figure K: Channel downstream of dam

4.3 Impoundment

The impoundment, known as Trout Brook Reservoir, is not a naturally occurring pond. It is
estimated that the dam was built in the early 1900’s and the pond had been created by settlers
who used horses to excavate a large depression and construct the dam (FCNRCD, 2022).
Much of the excavated material was spoiled as a berm on the southeastern side of the
impoundment.

The reservoir was previously the drinking water supply for Enosburg up until the 1940s but was
abandoned in favor of the two wells near the dam that are currently used as the Village water

supply.

The upstream extent of the reservoir retreats between the 1995 and 2021 aerial imagery (Figure
L). This indicates that the observed spillway damage likely occurred during this time period.
Field observations of disturbed type vegetation (reed canary grass dominated) and sediment
accumulated on floodplains up to river station 3680 indicate that the impoundment extended
approximately 1,000 feet beyond the existing normal pool which ends at river station 2696.

The current normal pool footprint is 4.24 acres with a volume (water and sediment) of 33.7 acre-
feet. The maximum impoundment volume is 53.6 with a footprint of 8.23 acres (Appendix A).
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Topography shows that a large linear berm exists along the east side of the impoundment. This
is likely the excavated spoil pile from when the impoundment was created. A review of LIDAR
shows that the berm is approximately 90,000 CY, approximately 160% of the current normal
pool volume.

* Enosburg Village Forest

Figure L: Aerial imagery at dam and reservoir from May 1995 (left) and September 2021
(right). (Google Earth, 2023)
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Figure M: Berm visible in LiDAR topography along southeastern side of impoundment.

4.4 Temperature Data

Vermont Fish and Wildlife Department (VFWD) have collected temperature data above and
below the dam impoundment to determine the impact of the dam on in-stream water
temperatures between June and September 2023. The temperatures upstream of the dam are
ideal for brook trout (max temps stay at or below 65 degrees), but the temperatures downstream
of the dam are in a range that cannot support a healthy brook trout population (max temps are
above 72 degrees repeatedly). Lee Simard with VFWD and Dave Minkoff with USFWS
described the situation as: brook trout are interested in being in this stream and going upstream
further than the dam and if the temperatures came down by removing the dam, then maybe
instead of finding two brook trout below the dam, we could instead end up with a healthy
population.
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5.0 Infrastructure

5.1 Culverts

Trout Brook passes under the Well #2 access road 520 feet downstream of the dam (Figure N).
This structure is privately owned by the Village of Enosburg Falls on their land to access their
Well #2 and associated infrastructure. There is also access to #1524 Water Tower Road where
a solar display is under development on that property and on Village land. The structure is two
round culverts, one 36-inch diameter concrete pipe and one 30-inch diameter steel corrugated
pipe. The road surface is a 12-foot wide single travel lane of dirt and gravel with grass
shoulders. The steel pipe is deformed, catching debris, and backwatered. A scour pool exists
at the culvert ends. Scour exists at the culvert and armoring is failing. A large culvert sits
downstream on the floodplain that appears to have been washed out at a previous time. The
Village reports that this culvert has washed out multiple times in their memory.

Aquatic organism passage is likely under most conditions considering that the structure is short,
entirely backwatered and has no outlet drop. Low flows would be concentrated in the small
diameter culvert and depth would be assisted by the backwatering. High flows may be a
velocity barrier.

Trout Brook passes under Town of Berkshire owned Reservoir Road 1,220 feet downstream of
the dam (Figure O). The structure is one round culvert with a 7.8-foot diameter steel plate
structure with a poured concrete invert throughout the culvert. The culvert is 80 feet long and
has 5 feet of cover. The road embankment top is 28-foot wide with a two-lane gravel road with
grass shoulders. The high road embankment completely fills the floodplain and in the case of a
large flood would overtop the road to the east. A very large scour pool exists at the culvert
downstream end. Scour exists at the culvert ends, upstream footings, and armoring is failing. A
large breached beaver dam is on top of the downstream tailwater control riffle and may at times
cause backwatering at the culvert. The Village has not seen flood damage at this structure.

Aquatic organism passage is likely limited under both low and high flow conditions. Low flows
are likely spread out on the concrete flat bottom, becoming a depth barrier. High flows may be
a velocity barrier.
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Figure O: Reservoir Road crossing, viewed from downstream
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5.2 Water Supply

Downstream of the dam along the access road is the location of Well #1 and its pumphouse.
Well #2 and pumphouse are located just upstream of the dam, high on the right bank, near the
parking area (Figure P). There is a water line that crosses across the river downstream of the
dam and connects the two wells to the water storage tank that pressurizes the Village’s water
system. The exact location and depth of the water pipe is not known, but has been estimated
based on the design plans and the location of a valve on the downstream left floodplain.

Village of Enosburg Falls staff helped estimate the depth of the pipe to be 5.25 feet below the
top of the valve casing, with 3.5 feet to the top of the valve and an estimate 1 foot valve height
and an 8-inch pipe diameter. SLR estimated that the pipe was located 2.1 feet below the
channel thalweg where it crossed at approximately river station 1510, 67 feet downstream of the
dam.

Modeling was used to assess the impacts on both wells and pipeline to determine if mitigation is
needed to maintain functionality of the water district’'s system as part of the design.

A source water protection plan was created in July 2021 (Denton, 2021). Zone 1 includes a
200-foot radius around the dam where “only activities that are related to the water system
should occur”. Activities in this area are governed by the Village of Berkshire via Wellhead
Protection Overlay District. A brief review of the zoning restrictions shows that most of the
prohibited uses do not apply. The project has been reviewed by state regulators and the Town
of Berkshire due to proposed work in the vicinity of drinking water infrastructure.
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Figure P: Water supply infrastructure from Village of Enosburg dated 1989

53 Solar Field

The Village of Enosburg Falls may install a large solar array on the field to the west of the pond
to provide power to residents. Design and analysis are currently underway. Wetland and
archaeological data were collected as part of this project in the vicinity of the dam. Coordination
of this solar project with a potential dam removal should be considered as this project is
implemented.
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6.0 Sediment

Sediment probing was conducted within the impoundment of the dam on June 6, 2023.

6.1 Sediment Quantity

Probing of the accumulated sediment took place through the impoundment using 14-foot and 8-
foot-long rebar rods. The rod was pushed through fine, soft sediment until firm refusal was
encountered likely on compacted gravel. Texture of accumulated sediment is silt and sand. The
sediment thickness varied from 1 foot to 6 feet. Sediment depths were greatest near the dam
and in the lower portion of the impoundment (4 to 6 feet), with hard refusal found in the vicinity
of the dam likely on gravel. In the middle impoundment areas, a thinner layer of fine sediment (1
to 2 feet) has a higher silt content. In the upper part of the normal pool thick submerged and
floating vegetation is growing. Upstream of the normal pool the accumulated sediment is dry
and 1.5 to 3.5 feet thick. Most of the accumulated sediment is vegetated with reed canary grass
upstream of the normal pool. The total volume of impounded sediment is estimated to be
27,600 cubic yards (Appendix C). Sediment probe sections have been plotted to see the
distribution of sediment. A large portion of the sediment is refilling areas that were historically
dug out in creation of the reservoir and located outside the meander belt.

6.2 Approximate Sediment Yield

The risk of a sudden sediment release from dam failure or allowing accumulated sediment to
erode and pass downstream following dam removal can be estimated by comparing the amount
of trapped sediment with the amount of sediment that is produced in a watershed and
transported downstream by a river channel over a year (i.e., the mean annual sediment yield)
(MacBroom and Schiff, 2013). Long-term measurements of sediment yield or load do not exist
on Trout Brook, so sediment yield has been approximated based on sediment gauges
throughout New England that indicate a mean yield of 50 tons per year per square mile of
watershed (range is 25 to 150 tons per square mile). Based on a watershed size of 1.8 square
miles, the annual watershed yield of sediment is roughly 90 tons per year.

At a typical density of 75 pounds per cubic foot for loose sandy sediments, each ton of sediment
is estimated to occupy a volume of 1 cubic yard of material. The total sediment volume
generated by the watershed on an annual basis is thus 93 cubic yards. Based on the estimated
27,600 cubic yards of impounded sediment, the existing material is estimated to be the product
of 200-300 years assuming a trap efficiency of 100 percent. Reservoir trap efficiency is typically
lower than 100 percent, so the amount of material present could have built up over a longer
period of time. The agricultural operations upstream may have contributed a larger amount of
sediment per year than the estimated 93 cubic yards per year.

Sediment removal will be required prior to dam removal since the release of a large amount of
accumulated sand and silt into a channel with a coarse bed downstream will lead to long-term
habitat and water quality impacts.

6.3 Sediment Stability

If left in place following dam removal, all the impounded sand and silt that currently sits
upstream of Trout Brook Reservoir Dam will likely mobilize and be transported downstream over
several years. The sand and silt material that makes up a larger portion the impounded
sediment can mobilize under low velocity — less than 1 foot per second (Fischenich, 2001).
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Other similar Vermont dam removals have shown us that an upstream erosion face (i.e., a
headcut) will travel up the channel if sediment is not removed. Hydraulic modeling results
indicate a flow velocity of 2 to 6 feet per second during small floods following dam removal and
thus finer sediment is likely to erode. Head-cutting would eventually take place over the full
channel width during larger floods where the velocity ranges between 5 to 7 feet per second
mid-impoundment. Removal of sediment should be considered at different levels as part of the
alternatives analysis.

6.4 Sediment Quality

Sediment quality testing was not requested by project partners and has not been completed.
The rural nature of the watershed and previous usage as a water supply reservoir, reduce
likelihood of contamination.

7.0 Natural Resources Assessment

Assessments and reviews were performed for wetlands; invasive species; and rare, threatened,
or endangered species.

7.1 Wetlands

Jurisdictional wetlands were delineated at the project site by scientists at VHB during the 2022
field season as part of a contract with Encore Renewable Energy to evaluate the proposed solar
array adjacent to the reservoir independent of this dam removal feasibility study. Wetlands and
waterways were delineated for the entire 88-acre parcel owned by the Village of Enosburg Falls,
as well as a sliver of the parcel to the west to capture the entire field where the solar array is
proposed. Methods for wetland delineation followed those outlined in the US Army Corps of
Engineers Regional Supplement to the Corps of Engineers Wetland Delineation Manual:
Northcentral and Northeast Region. Wetland boundaries were flagged in the field and points
collected using a GPS unit. Data plots were collected to document hydrology, vegetation, and
soils within the wetlands. A map of wetlands and waterways prepared by VHB is included in
Appendix D.

A large palustrine emergent/palustrine scrub-shrub Class Il wetland complex was mapped at the
fringe of the upper end of the reservoir and on the floodplain of Trout Brook upstream of the
reservoir (Figure Q). This complex is large in size and extends up the floodplains of several
tributaries to Trout Brook. The indicators of wetland hydrology noted for this wetland at the time
of delineation were saturation and geomorphic position. The vegetative community was noted to
be dominated by reed canary grass (Phalaris arundinacea) and speckled alder (Alnus incana)
with ginger mint (Mentha arvensis), giant goldenrod (Solidago gigantea), and fowl blue grass
(Poa palustris) also present. Wetland soils had the characteristics of a histic epipedon with a
thick organic layer over fine sandy loam.
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Figure Q: Wetland complex at upstream end of impoundment

Additional smaller areas of wetland were mapped by VHB and include a small palustrine
emergent floodplain wetland downstream of the dam on the eastern side of the brook (Class II),
a depressional wetland on the western side of the brook downstream of the dam (Class Il), and
two palustrine forested wetlands in forested land east of the reservoir (one Class Il and one
Class Ill). The larger of these forested wetlands contains a potential vernal pool (function not
confirmed through vernal pool survey).

7.2 Invasive Species

A formal invasive plant survey was not conducted at the site, but observations of invasive plant
species were noted during field data collection. The most prevalent invasive species at the site
is reed canary grass, which forms a monoculture on the floodplain of the brook upstream of the
reservoir. Other invasive species noted were common buckthorn (Rhamnus cathartica),
Morrow’s honeysuckle (Lonicera morrowii), and garlic mustard (Alliaria petiolata). Scattered
plants of these three species were observed throughout the project site.



Franklin County Natural Resources Conservation District March 26, 2025
Trout Brook Reservoir Dam Removal SLR Project No.: 146.13528.00002

7.3 Rare, Threatened, and Endangered Species

The project site was reviewed for historic occurrences of rare, threatened, endangered, and
uncommon species. No occurrences are reported through the Vermont Natural Heritage
Inventory (VNHI) program within a 1-mile radius of the dam.

The rare four-toed salamander has been documented two miles north of the dam along Mineral
Brook Road. The rare brassy minnow and uncommon fantail darter have been historically
observed (1990s) in a nearby tributary to the Missisquoi River, Samsonville Brook. Fisheries
monitoring was conducted on Trout Brook by the Vermont Department of Environmental
Conservation (DEC) in 2018 0.5 miles upstream of confluence with the Missisquoi. No RTE or
uncommon fish species are reported in the VNHI database from this 2018 monitoring. According
to the DEC reporting, the fisheries community was ranked in poor condition based on the
Vermont Index of Biotic Integrity.

The rare creek heelsplitter mussel is known to occur in the reach of the Missisquoi river that
Trout Brook flows into. During field data collection, scientists from SLR observed an empty
mussel shell along the banks of the brook downstream of the reservoir and a couple of live
mussels in the silty/sandy substrate at the upper end of the reservoir. Mussel identification was
not conducted thus species is not known. FCNRCD consulted with Vermont Fish and Wildlife
Department (VFWD) about RTE mussels. Mark Ferguson, Zoologist with VFWD, made a site
visit to look for mussels and examine mussel habitat. Following the site visit, Ferguson stated
that he does not have any concerns in regards to rare, threatened, and endangered mussels for
the dam removal project and that he believes dam removal could improve mussel habitat.

No nearby occurrence of rare or threatened bat species are reported in the VNHI database,
however, there are protected species that are known to occur statewide that could have
implications for construction at the project site, specifically in regards to tree clearing. According
to data provided on the Agency of Natural Resources Atlas, the Town of Berkshire is outside of
the summer range for state and federally protected Indiana Bat (Myotis sodalis), Northern Long-
Eared Bat (Myotis septentrionalis), Tricolored Bat (Perimyotis subflavus), and outside of areas
of concern for Indiana Bat hibernacula.

8.0  Hydrology

8.1 Flow Estimation

Peak flows were estimated for the Trout Brook Dam site with USGS StreamStats (Olson, 2014,
Table B) for flows with recurrence intervals of 2, 5, 10, 25, 50, 100, and 500 years. A local flood
that occurred on November 1, 2019, referred to as the Halloween flood, was also included in the
model. Flows for this event were calculated by prorating real-time streamflow data for a USGS
gauge near the project site.

Table B: Peak Flow Estimates for Trout Brook at the dam

Return Interval (Years) Flow (cfs)
2 87
5 141
10 183
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Return Interval (Years) Flow (cfs)
25 247
50 302
100 363
500 534

Fish passage flows were estimated at the Trout Brook dam to evaluate fish passage in the

channel (Bates and Kirn, 2009) (Table C).

Table C: Fish passage flow estimates for Trout Brook at the dam

Return Interval (Years) Flow (cfs)
April Q2-20 47
Nov Q2-20 13
7Q2 0.3

Flows from StreamStats were used in conjunction with additional data to develop input flows for
the hydraulic model for the site (Table D). The model accounts for flow changes at the largest
tributary within the study reach, which flows into Trout Brook between the access road culvert

and the Reservoir Road culvert.

Table D: Hydraulic model input flows

Flow (cfs)
Return Interval Upstream Limit Downstream of
of Model Tributary
5109 816
2-Year 87.3 119
5-Year 141 191
10-Year 183 248
25-Year 247 332
50-Year 303 405
100-Year 364 485
500-Year 535 707
April Q2-20 47 71
Nov Q2-20 13 19
24
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Flow (cfs)
Return Interval Upstream Limit Downstream of
of Model Tributary
5109 816
7Q2 0.3 0.4
Halloween 2019 125.3 181.8

9.0 Hydraulics

A hydraulic model was created to represent river flood conditions including depth, velocity,
water surface elevations, and inundation extents. The model was used to approximate existing
conditions and evaluate potential alternatives at the dam and impoundment.

HEC-RAS and RAS Mapper (USACE, 2018) were used to create a one-dimensional, steady
flow river and floodplain hydraulic model for Trout Brook upstream and downstream of the Trout
Brook Reservoir Dam.

9.1 Model Geometry

Button Professional Land Surveyors, PC conducted a boundary retracement survey at the dam
property which included spot elevations on the dam and culverts in December 2021. Button
conducted additional survey in the vicinity of the dam, including measurement of five cross
sections, in June and July 2024. SLR collected field survey of cross sections in the vicinity of the
structures tying into the 2021 survey using an engineers level. LIDAR elevation surfaces were
generated from a high-resolution dataset covering Franklin County, VT collected during 2017
(0.7-meter resolution). The DEM elevation units were converted from meters to feet.

The hydraulic model consists of a single river reach with a length of 5,109 feet (Figure R). The
stream centerline was digitized from the survey data, field GPS points, high resolution imagery,
and a LIDAR-derived digital elevation model. Cross sections were cut through the LIDAR terrain
and adjusted with topographic survey in the channel where available or field measurements of
channel dimensions. Channel roughness and floodplain values (i.e., Manning’s N values)
were assigned based on land cover from aerial imagery and field observations. Roughness
values ranged from 0.025 (gravel drive) to 0.12 (forest) (Chow, 1959; Arcement and Schneider,
2006, Table E).

Table E: Manning’s N Coefficients Used in the Hydraulic Model

Site Feature Mannings’s N Value
Gravel drive 0.025
Short grass 0.03
Reservoir 0.03
Channel above impoundment 0.035
High grass, crop 0.035
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Site Feature Mannings’s N Value
Channel below dam 0.04
Floodplain herbaceous wetland 0.06
Developed, low intensity 0.1
Floodplain scrub-shrub 0.1
Forest 0.12

The dam was included in the model as an inline structure with the elevations collected during
the survey. The downstream culverts were included in the hydraulic model as culvert crossings
using data the survey and supplemented with dimensional measurements.

The downstream extent of the model is 310 feet downstream of the Reservoir Road culvert.
The downstream boundary condition is normal depth with a slope of 0.005 feet per foot (0.5%)
at the downstream section. The upstream extent of the model is at the upper end of the narrow
valley containing Trout Brook, downstream of the wider valley containing a farm. The estimated
peak flood flows were input at the upstream extent of the model, with a model flow change at a
tributary located just upstream of model section 816.

The steady flow model was run using a mixed flow regime.
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Figure R: Hydraulic model extent and cross sections

9.2 Model Validation

The Village reports that flooding in the area occurred in 2012, 2017 or 2018, and the Halloween
storm of 2019. Each of these storms brought the water levels up in streams, but were not to
flood stage. At least twice in the last 7 years the access road to well #2 was plugged with debris
and washed out. The Halloween storm of 2019 was modeled. Flows were estimated to be
125.3 cfs (181.8 cfs downstream of tributary) using a ratio of drainage areas from nearby Jewett
Brook USGS Gauge 04292810. This flow is approximately the 5-year flow.
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During the Halloween 2019 flood the modeling shows 0.2 to 0.8 feet of water over the well #2
access road surface and velocities of 4 to 6.9 feet per second. This depth of water and velocity
could be expected to wash out the road, especially when combined with debris clogging the
opening which was not included in the model.

Low flows were also reviewed using flows equivalent to conditions observed during field work
conducted in June 2023. Flows were estimated to be 0.3 cfs (0.4 cfs downstream of tributary)
using a ratio of drainage areas from nearby Jewett Brook USGS Gauge 04292810. This flow is
similar to conditions aquatic species may encounter during summer months.

During the June 2023 conditions the modeling shows shows 0.05 feet of water over the dam
spillway and velocities of almost zero feet per second. These match depths of less than one
inch observed over the spillway. At an upstream measured cross section located at model
section 1597 a depth of 7 feet was observed and a depth of 7.26 feet is modeled.

The qualitative model validation indicates good agreement that is suitable for exploring dam
removal alternatives.

9.3 Existing Conditions Model Results

The existing conditions hydraulic model estimates depth, velocity, and inundation extent for all
modeled flows (Appendix E). The existing conditions model results show increased flood depths
and slower velocities in the impoundment approaching the Trout Brook reservoir dam. The
water surface elevation shows a flat impoundment upstream of the dam to section 2696 under
low flow conditions (Figure S). Under the highest flow conditions modeled, this flat impounded
water surface extends upstream to section 3640. The 100-year flow is over the dam top (Figure
T).

For the 10-year flood, maximum water depth through the impoundment ranges from 4.7 to 11
feet at the model sections, with the deepest areas in the lower and middle impoundment. For
the 2-year flood, the range of maximum water depths through the impoundment is 4.4 to 10.2
feet. Downstream of the dam, maximum section water depths range from approximately 1.2 to
2.4 feet and 1.8 to 3.1 feet for the 2 and 10-year flood respectively. Velocity ranges from O to
0.15 feet per second through the reservoir (hormal pool) for the 2-year and 0.01 to 0.28 for the
10-year. Downstream of the dam, maximum water velocity in the channel at the model sections
ranges from 3.4 to 5.1 feet per second for the 2-year flood and 4.8 to 6.4 feet per second for the
10-year.

Flow is typically subcritical, with a few locations locally supercritical at steeper sections such as
downstream of access road culvert. For larger floods these smaller bed features do not affect
the flow regime as much and all locations are subcritical.
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Figure T: Existing conditions model at dam

The access road and Reservoir Road culverts were included in the model. Under existing
conditions, floodwaters are shown to overtop the roadway at the access road culverts beginning
at the 2-year event. The roadway is very low and there is little cover over the culverts. Average
in-channel velocity upstream of the culverts is 1.4 feet per second during the 2-year flood and
2.27 feet per second during the 10-year event. The undersized structure creates a constriction,
leading to increased velocities and streambed scour downstream. Average in-channel velocity
downstream of the culverts is 4.4 feet per second and 6.5 feet per second for the 2-year and 10-
year events respectively. In the 100-year event the average channel velocity increases to 8 feet
per second downstream of the access road. Based on modeling, the depth of water over the
roadway is approximately 0.5 feet, 1.2 feet, and 2.1 feet for the 2-year, 10-year, and 100-year
events respectively.

The Reservoir Road culvert is larger in size and has a much higher roadway surface than the
access road. Based on modeling, floodwaters only overtop the roadway for the highest flow
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modeled, the 500-year flood. Depth of water over the roadway is approximately 0.8 feet in this
scenario. The culvert is undersized and creates a constriction point. This has led to excessive
scour on the streambed at the outlet of the culvert, creating a large pool. Upstream of the culvert
average instream channel velocity decreases slightly with increasing flow from 2.1 feet per
second at the 2-year flood to 1.7 feet per second at the 10-year. Downstream of the culvert,
modeled velocity is 3.1 feet per second, 4.9 feet per second, and 7.4 feet per second for the 2-
year, 10-year, and 100-year events respectively.

Model results were also analyzed for calculated fish passage flows at the two culverts. A spring
fish passage flow (April Q2-20), fall fish passage flow (November Q2-20) and a low summer
flow (7Q2) were run through the model. For the April Q2-20, approximately 1.7 feet of water is
shown to flow through the access road culvert. The November Q2-20 has 0.9 feet of water and
7Q2 0.2 feet through the culvert. According to Bates and Kirn (2009), these depths could
support the passage of juvenile brook trout. Adult brook trout passage would likely not be
supported for the 7Q2 flow due to depth. Average in-channel velocities upstream of the access
road culvert were 1.1 feet per second for the April Q2-20, 0.9 feet per second for November Q2-
20, and 1.7 feet per second for 7Q2. Downstream velocities ranged from 3.5 feet per second
(April Q2-20) to 3.1 feet per second (November Q2-20) and 1.0 feet per second for 7Q2.
Velocities downstream of the culvert for the April and November flows are unsuitable for
passage of adult brook trout. Similarly, all velocities for April, November, and 7Q2 are unsuitable
for the passage of brook trout juvenile (Bates and Kirn, 2009).

Downstream at the Reservoir Road culvert, water depth in the culvert is shown to be 1.8 feet for
the April fish passage flow, 0.8 feet for the November flow, and 0.2 feet for the summer low flow.
Similar to the findings for the upstream culvert, water depth could support juvenile brook trout
passage for each of these three flows, but adult brook trout passage would likely not be
supported for the 7Q2 flow due to depth (Bates and Kirn, 2009). Model velocities were also
analyzed and the following were reported for the Reservoir Road culvert: April Q2-20 2.3 feet
per second upstream and 2.1 feet per second downstream, November Q2-20 2.4 feet per
second upstream and 1.1 feet per second downstream, and 7Q2 1.4 feet per second upstream
and 0.4 feet per second downstream. According to Bates and Kirn, water velocity through the
culverts is approaching the limit for what is suitable for adult brook trout (2.4 feet per second
maximum) for the April and November flows. Velocities are unsuitable for juvenile brook trout
passage at all flows except for 7Q2 downstream of the culvert (maximum 0.8 feet per second)
(Bates and Kirn, 2009).

10.0 Dam Removal Alternatives Analysis

An alternatives analysis was performed to evaluate different levels of dam and sediment
removal. Each of the alternatives has been evaluated against the following project objectives:

91 Naturalize the river and floodplain to restore dynamic equilibrium;
Improve water quality;

Restore aquatic organism passage (AOP) and connectivity of habitat blocks;

)l
)l
1 Restore wildlife habitat in the stream corridor;
1 Reduce flood and erosion risks;

)l

Balance sediment removal and ecosystem benefits;
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Minimize future maintenance needs at the site;

Consider impacts to infrastructure;

Improve site safety; and

Minimize construction costs.

The following alternatives were considered:
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Figure U: Alternatives Analysis Summary
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A range of alternatives were evaluated that consider both dam removal and accumulated
sediment removal (Figure U and Appendix F). This analysis suggests that Alternative 5 —
Remove dam and sediment in river corridor in full former impoundment (to RS 3680) — is
recommended as a good balance between project cost and risk reduction via sediment removal.

Many alternatives consider different levels of sediment removal over a different footprint within
the impoundment as mapped (Appendix F). Sediment removal areas generally assume that a
pilot channel would be created with an adjacent floodplain with an incision ration of 1 to 1.5 to
create a hydraulicly connected floodplain. The concept design refines the width and depth of
the pilot channel to allow the 2-year flood to spill out onto the floodplain for each section.
Sinuosity would be higher than schematically shown in the alternatives map.

10.1  Alternative 1 — Do nothing

The do nothing alternative would allow the dam to continue to deteriorate. The dam has
uncontrolled seepage, failing concrete, and would eventually fail releasing excessive sediment
downstream. Such an uncontrolled sediment release would impact water quality and habitat
over the long term. This alternative is not recommended.

PROS
9 No construction impacts.
1 No construction cost.
CONS
1 Unsafe, failing dam remains.

1 Potential for long-term water quality and habitat impacts.

10.2 Alternative 2 — Remove dam and no sediment

The removal of the full dam and no sediment removes the threat of the unsafe dam, yet leaves
the accumulated fine sediment exposed to erode downstream during future floods. This
alternative would likely lead to excessive sediment downstream that would impact water quality
and habitat over the long term.

Modeling of this alternative suggests that water surface elevations would be lowered by 1 to 8.5
feet throughout the extent of the normal pool and would be lowered slightly throughout the entire
former impoundment upstream (to RS 3680). Water levels would remain unchanged toward the
upper limit of the model and downstream of the dam. Instream channel velocities are also
shown to increase throughout the extent of the normal pool and slightly upstream under all flow
conditions. Removal of the dam would no longer impound water, leading to decreased water
depths and increased velocities upstream of the dam. These velocities would erode the fine
sediment in the impoundment.

This alternative is not recommended.
PROS
1 Unsafe, deteriorating dam removed.
9 Control construction impacts since not leaving dam area.

1 Control construction cost.
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CONS
1 Potential for long-term water quality and habitat impacts.

1 Sediment and debris clogging downstream infrastructure.

10.3  Alternative 3 — Remove dam and sediment adjacent to dam

The removal of the full dam and limited sediment near the structure removes the threat of the
unsafe dam, and the accumulated fine sediment near the dam that is certainly going to get
transported downstream if left in place. This alternative would reduce the amount of sediment
transport that would reduce the impact to water quality and habitat over the long term.
Nonetheless, ongoing downstream sediment transport is likely to continue.

Modeling of this alternative suggests that water surface elevations would be lowered by 1.5 to
10.5 feet throughout the extent of the normal pool and would be lowered slightly throughout the
entire former impoundment upstream (to RS 3680). Water levels would remain unchanged
toward the upper limit of the model and downstream of the dam. Similarly to alternative 2,
instream channel velocities are shown to increase throughout the extent of the normal pool and
slightly upstream under all flow conditions. This effect is most pronounced for model sections
immediately upstream of the dam. Channel incision and transport of fine sediment would likely
occur with this increase in velocity. Channel slope would be increased upstream of the dam to
approximately 1% through the proposed cut area.

This alternative is not recommended.
PROS
1 Unsafe, deteriorating dam removed.
9 Control construction impacts since not leaving dam area.
1 Begin to remove most mobile sediment.
9 Access to sediment straight forward near dam.
CONS
91 Potential for long-term water quality and habitat impacts.

1 Sediment and debris clogging downstream infrastructure.

10.4 Alternative 4 — Remove dam and sediment in river corridor in
normal pool (to RS 2696)

The removal of the full dam, sediment near the structure, and sediment up the river corridor

removes the threat of the unsafe dam, and the accumulated fine sediment that is most likely
going to get transported downstream. This alternative would reduce the amount of sediment
transport that would reduce the impact to water quality and habitat over the long term.

Changes in water surface elevation with this alternative are similar to those observed for
alternative 3. Proposed channel slope would be approximately 0.4% in the lower former normal
pool and increase to approximately 1.3% in the upper portion of the normal pool to tie into the
existing streambed upstream. Modeling shows a pronounced increase in channel velocities in
this steeper slope section that would likely be high enough to result in channel incision and
transport of fine sediment downstream.
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This alternative is not recommended.

PROS
1 Unsafe, deteriorating dam removed.
T Remove most of the mobile sediment.

1 Reduced potential for long-term water quality and habitat impacts.

)l
CONS

9 Accessing sediment up impoundment complicated.
9 Construction cost increases with increased sediment removal.

1 Sediment and debris clogging downstream infrastructure.

10.5 Alternative 5 — Remove dam and sediment in river corridor in
full former impoundment (to RS 3680)

The removal of the full dam, sediment near the structure, and sediment up the river corridor in
the former impoundment removes the threat of the unsafe dam, and the accumulated fine
sediment that is most likely going to get transported downstream. This alternative would reduce
the amount of sediment transport that would reduce the impact to water quality and habitat over
the long term. This alternative appears to balance sediment removal and construction cost
where the highest risk of transport is removed.

Changes in water surface elevation with this alternative are similar to those observed for
alternatives 3 and 4. Proposed channel slope is more consistent throughout the cut area,
averaging approximately 0.7%. Increased velocities are also observed through the cut area,
however, incision would likely be less severe due to most of the fine sediment from the former
impoundment being removed from the river corridor. For this alternative, floodprone width would
be restored to approximately 75 feet, near reference width, throughout the entire former
impoundment. For alternatives that only include sediment removal through the normal pool,
floodprone width would remain the width of the channel upstream of the normal pool due to the
severely incised channel present under existing conditions.

This alternative is recommended.
PROS

1 Unsafe, deteriorating dam removed.

T Remove most of the mobile sediment.
1 Limited potential for long-term water quality and habitat impacts.

1 Treats some of the meadow channel with reed canary grass
CONS

1 Accessing sediment up impoundment during construction complicated.

9 Construction cost increases with increased sediment removal.
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10.6  Alternative 6 — Remove dam and sediment full width in normal
pool (to 2696) and river corridor width in full former
impoundment (to RS 3680)

The removal of the full dam, sediment in the full impoundment, and sediment up the river
corridor in the former impoundment removes the threat of the unsafe dam, and the accumulated
fine sediment that is most likely going to get transported downstream. This alternative would
reduce the amount of sediment transport that would reduce the impact to water quality and
habitat over the long term. This alternative removes most of the sediment and thus may not be
required as some downstream transport is acceptable.

The proposed profile is the same for alternative 6 as it is for alternative 5. Potential for incision
and sediment transport is further reduced by the removal of additional sediment through the
normal pool.

This alternative is not recommended.
PROS

1 Unsafe, deteriorating dam removed.

1 Remove most of the sediment.

1 Restore upstream channel where reed canary grass exists.

1 Limited potential for long-term water quality and habitat impacts.
CONS

1 Accessing sediment up impoundment during construction complicated.

9 Construction cost increases with increased sediment removal.

10.7 Alternative 7 — Remove dam and all sediment in former
impoundment

The removal of the full dam and all of the sediment would eliminate the amount of sediment
transport that would reduce the impact to water quality and habitat over the long term. This
alternative removes all of the sediment that may not be required as some downstream transport
is acceptable.

The proposed profile for alternative 7 is the same as it is for alternatives 5 and 6. This
alternative includes the most sediment removal and substantial incision and sediment transport
are unlikely.

This alternative is not recommended as it is too expensive and removes more sediment than is
likely to go in the coming decades.

PROS
1 Unsafe, deteriorating dam removed.
1 Remove all of the sediment.
1 Restore upstream channel where reed canary grass exists.
)l

No potential for long-term water quality and habitat impacts.
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CONS
1 Accessing sediment up impoundment during construction complicated.

1 Construction cost at a maximum for accessing and removing all of the sediment.

10.8 Alternative 8 — Partial dam removal (no sediment)

The removal of part of the dam to achieve aquatic organism passage while reducing
construction costs. This alternative does not include any sediment removal and would likely
result in significant transport of fine sediment from above the dam to downstream reaches. A
wall of sediment would be formed behind the dam without a transition between upstream and
downstream reaches and a highly incised channel would likely form through the former
impoundment. Due to the deteriorated condition of dam and requirements from Dam Safety, it
may be difficult to obtain a dam order for the remaining portion of the dam. This alternative is
not recommended.

PROS
1 Unsafe, deteriorating dam partially removed.
1 Control construction impacts since not leaving dam area.
i Control construction cost.

CONS
1 Potential for long-term water quality and habitat impacts.
1 Sediment and debris clogging downstream infrastructure.

1 Potential challenge to obtain dam order for remaining structure

10.9 Alternative 9 — Replace dam and remove all sediment in
former impoundment

Due to the deteriorated condition of the dam, repair of the dam to restore its full usage is
infeasible. Full removal and reconstruction would be required. Removal of all sediment through
the former impoundment would also be required to restore the impoundment function.
Construction costs would be significantly higher than most of the other alternatives and the new
dam would require a dam order from Dam Safety.

PROS
1 Unsafe, deteriorating dam replaced.
T Remove all of the sediment.

1 Limit potential for long-term water quality and habitat impacts.
CONS

1 Accessing sediment up impoundment during construction complicated.
1 Construction cost at a maximum for accessing and removing all of the sediment.

1 Dam order required for new dam
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11.0 Alternative Considerations and Implementation Notes

Once an alternative was chosen, additional details were compiled to move the chosen
alternative closer to implementation. A few of these design and implementation items are
discussed here at the alternatives level for initial feedback from the project team.

11.1 Natural Resources Conflicts and Restoration Potential

11.1.1 Wetland and Floodplain Restoration

Removal of the dam and sediment has the potential to restore upstream floodplain, some of
which may be wetlands. Areas proposed for sediment removal would become connected
restored floodplains with targets for either wetlands, shrub-scrub, or forested vegetation types.
Alternatives include varying footprints of restoration and connectedness.

Site revegetation is a critical part of the project to restabilize exposed fine-grained sediments
and limit the potential for spread of reed canary grass in the area. Plantings will need to take
place incrementally as final grades are achieved to allow for as much vegetation to become
established as possible during the growing season. Existing native woody vegetation such as
alder and dogwood shrubs should be saved and immediately replanted on lowered floodplains.
All wood encountered such as old beaver dams should be stockpiled for reinstallation in the
channel and floodplains to provide roughness, profile stability, build sinuosity, and habitat to
match reference conditions.

Treatment to reduce reed canary grass at the project site is recommended as part of the design
either during or before dewatering the impoundment and removal of the dam. Reed canary
grass (Phalaris arundinacea) forms a thick monoculture in the upper historic impoundment,
bordering the edge of the existing impoundment. It is extremely likely that following dam
removal the reed canary grass will move into what is currently the normal pool footprint. There
is ongoing current research in Vermont on reed canary monoculture treatment that can be
applied to this project. Treatment options were discussed by the project team during the design
process and remain nimble to adopting new ideas as more research results are shared.
Treatments discussed included excavation to remove reed canary plants and roots, mowing, till
and tree seed planting, or other options currently under research.

11.1.2 Resource Conflicts

The existing wetlands at the site are currently impacted with reed canary grass and the
impoundment and are recommended to be restored as part of the project.

Regulators for the dam removal project may impose time-of-year restrictions for tree clearing at
the site to protect bat species of concern.

Alternatives for dam removal that remove minimal to no sediment upstream of the dam,
including the no action alternative, have the potential for long-term impacts to aquatic habitat
and water quality downstream of the dam. Fine sediment upstream of the dam could readily be
mobilized and deposited downstream, smothering instream habitat.

11.1.3 Aquatic Organism Passage Potential

Observations around the dam and probing upstream of the dam was used to investigate the
likelihood of fish passage in the restored channel. No dam design plans were available for
review to provide information on the historic channel makeup.
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Many dams are founded on bedrock and therefore have bedrock falls underneath that may
block agquatic organism passage. Trout Brook Reservoir dam does not have any visible bedrock
downstream or around the dam. No bedrock was encountered during probing. Probe refusal
upstream of the dam felt like compacted gravel, indicating no grade control. No step in the
channel profile was detected based on probing.

A short section of the channel under the dam and under the upstream riprap face was not able
to be checked with rod probing techniques.

Aquatic organism passage is likely post-dam removal.
11.2  Potential Infrastructure Conflicts

11.2.1 Culverts

Trout Brook passes under the Well #2 access road 520 feet downstream of the dam and under
Town of Berkshire owned Reservoir Road 1,220 feet downstream of the dam. Modeling shows
no changes to water depths or velocity in the vicinity of either of these structures due to removal
of the Trout Brook dam and upstream sediment removal. The alternatives that leave the most
sediment in place upstream of the dam — alternative 1 (no action), alternative 2 (dam removal
only), and alternative 3 (dam removal and limited sediment removal) pose a potential risk to the
downstream culverts. Leaving large amounts of fine sediment in the channel would likely lead to
transport of this sediment downstream over time. Sediment could clog the culverts and cause
damage to the structures and roadways.

Given the frequency of overtopping of the access road culvert and anecdotal evidence of it
washing out in the recent past, we recommend this structure be replaced with a new structure
that spans at least bankfull width. Modeling suggests that this culvert is both a depth and
velocity barrier to brook trout under varying flow conditions. Replacement with a larger structure
that incorporates natural substrate on the bottom would facilitate fish passage and reduce
likelihood of washout during high flows. According to the Village of Enosburg Falls, replacement
of the access road culvert is being designed, permitted, and implemented in conjunction with the
solar project on the property.

Similarly, the Reservoir Road culvert is likely a low flow depth barrier and high flow velocity
barrier for brook trout. This culvert has not been washed out in recent history and does not have
anecdotal evidence of damage from high flows. This structure could be retrofitted to better
support fish passage under varying flow conditions through practices such as the installation of
baffles within the culvert to slow and deepen water.

11.2.2 Water Supply

Downstream of the dam along the access road is the location of Well #1 and its pumphouse.
Well #1 is located outside the 500-year floodplain for both existing conditions and alternatives
and considered to be outside the influence of the dam removal.

Well #2 and pumphouse are located just upstream of the dam, high on the right bank, near the
parking area. Velocities in this area are very low in existing conditions and will be increased to
5 feet per second for the 2-year flood and 6 feet per second for the 50-year flood, which could
cause bank erosion on the steep bank below Well #2. Bank stabilization measures are
recommended on the west river bank.

There is a water line that crosses across the river approximately 67 feet downstream of the dam
and connects the two wells to the water storage tank that pressurizes the Village’s water
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system. SLR estimated that the pipe was located 2.1 feet below the channel thalweg where it
crossed at approximately river station 1510. Hydraulic modeling shows locally increased
changes in velocity between existing conditions and Alternative 5 at the model cross sections
upstream and downstream of this pipe. Additional checks on model velocities and profile were
performed as the design progressed to confirm the design of bed stabilization measures to hold
the profile at the pipe.

Well #2 is near the impoundment. Well data was reviewed to see if removal of the
impoundment was likely to affect the well production capacity (Denton, 2021). Well #2 is 78 feet
deep and testing in November 1993 showed that there is no direct influence of surface water on
the groundwater at the well. The removal of the impoundment is not expected to influence the
well.

The dam and therefore also the access to the dam is within the Source Water Protection Zone 1
for Well #2. Coordination and review from the state and Town were part of the design and
permitting process to make sure that the design was completed in accordance with acceptable
practices.

11.2.3 Solar Field

Coordination of this solar project with a potential dam removal should be considered as this
project is implemented. The dam and impoundment area where work would be completed do
not overlap with the solar project area and therefore are not expected to be in conflict.

11.3 Construction and Access

The dam could be accessed for deconstruction from either side of Trout Brook. Currently a
maintained road and parking area for accessing Well #2 are located at the top of a steep bank
on the west side of Trout Brook. Construction activities in this area may be limited due to the
Source Water Protection Plan.

A now overgrown road exists on the east side of Trout Brook from the dam to the gate just off of
Reservoir Road, with possible access directly to the east part of the property which should also
be considered for site access.

The site has fine sediment, which when saturated can be very difficult to maneuver machinery
within the impoundment. Access to and across the impoundment would be necessary with each
of the alternatives which include sediment removal to both reach and remove excess sediment.
Saturated sediments complicate construction and sometimes require temporary access roads
reinforced with rock or bog mats that can “float” on top of the sediment, which are not standardly
owned by construction companies.

To reduce the water content of the sediments and allow them to consolidate, dewatering of the
impoundment prior to deconstruction of the dam is recommended. Dewatering could be
accomplished with an approved phasing plan that considers possible sediment migration during
this time period. A dewatering plan would need to be part of design and permitting and come
with assurances that the removal and restoration phases will be completed.

Sediment disposal locations in the area were considered as part of the design process.
Identifying a local haul location can potentially reduce construction costs and be included in
permitting efforts as part of the design approvals.
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11.3.1 Wetland and Floodplain Restoration

Removal of the dam and sediment has the potential to restore upstream floodplain, some of
which may be wetlands. Areas proposed for sediment removal would become connected
restored floodplains with targets for either wetlands, shrub-scrub, or forested vegetation types.
Alternatives include varying footprints of restoration and connectedness.

12.0 Basis of Design
12.1  Concept Design

A concept design was prepared for the Trout Brook Dam removal project for Alternative 5.
Based on feedback from the project team during evaluation of the preferred alternative,
modifications were made to the selected alternative. The concept design includes sediment
removal within a 100-foot-wide river corridor throughout the length of the maximum
impoundment. This approach will target the area in which the most adjustment and sediment
loss would likely occur in the years following dam removal and will give the restored channel
ample space to adjust laterally over time.

The design also includes sediment removal for the entire floodplain in the reed canary grass
monoculture area. This will involve removal of reed canary grass plants and their rhizomes
through excavation of one foot of sediment across the floodplain. The volume of sediment
proposed for removal from the 100-foot river corridor is 12,600 cubic yards. Excavation of the
reed canary grass will involve removal of an additional 2,400 cubic yards of sediment for a
project total of 15,000 cubic yards of sediment removed.

The proposed profile as designed will tie into points of firm refusal identified during sediment
probing upstream of the dam. Excavation of accumulated fine sediment will extend from the
location of the dam (station 15+77) to the upstream extent of the maximum impoundment
(station 36+80). Reference geomorphic channel and floodplain geometry will be recreated
within the river corridor. Accumulated sediment will be removed and a pilot channel created that
is approximately 12 feet wide and 2 feet deep. Adjacent to the pilot channel approximately 4,400
CY of the accumulated sediment will remain in the meander belt to create floodplain areas
where original soils were removed during excavation of the reservoir when the dam was
constructed. Floodplains are configured to achieve an incision ratio in the range of 1 to 1.5 with
a cross slope of 1 to 2 percent.

Large wood will be incorporated into the restored channel and floodplain to increase roughness
and provide resistance to erosion. The pilot channel will be approximately 1,900 feet in length,
with the assumption that the stream will create a more sinuous alignment over time following
dam removal.

Downstream of the dam, a large scour pool has formed where water flows over the spillway.
When the dam is removed, the streambed will be raised in this location to tie into the natural
expected profile for the reach.

The concept design was evaluated in the hydraulic model. Water surface elevations are lower
than existing conditions through the project area. Velocities are normalized so that the
impoundment area is no longer expected to have excessive aggradation and sediment transport
will be naturalized. Downstream of the dam, a localized increase in water velocities is shown
due to the elimination of the large scour hole at the foot of the dam.
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The design includes protection of the existing water pipe where the water line crosses below
Trout Brook downstream of the dam due to the modeled increase in water velocities in this
location. Streambed stabilization is called out on the plans which would include armoring the
river bed with riprap and covering with native stream bed material. Rather than stabilizing the
streambed, the Village of Enosburg Falls also considered lowering the water line to a depth
great enough eliminate erosion risk.

The design includes slope stabilization in the vicinity of drinking water well #2 to avoid any
potential impacts as the restored stream channel adjusts following dam removal. Project
partners agreed that leaving the portion of the concrete dam along the right bank in place would
minimize impacts to the water line that is located approximately twelve feet from the corner of
the dam. Saw cutting may be used for dam removal rather than hydraulic hammering to further
reduce the risk of impacting drinking water infrastructure during construction.

Sediment probing and visual observations in the vicinity of the dam suggest that removal of the
dam will likely restore aquatic organism passage to upstream reaches. No bedrock was
observed on the streambed or banks in the vicinity of the dam.

Replacement of the access road culvert is included due to its vulnerability to clogging and
overtopping. Replacing this culvert will further restore aquatic organism passage, though the
downstream culvert at Reservoir Road will still be limiting for some species and life stages
under some flow conditions.

The proposed approach to dam removal maximizes naturalization of the river channel and
public safety. The proposed bankfull dimensions at the dam removal site would match the
reference dimensions. In summary, this alternative would naturalize hydraulic patterns, restore
sediment transport, improve AOP, and increase public safety.

The design includes removal of the concrete dam (288 CY) and riprap ramp along the upstream
face of the dam (370 CY). Excavation would include removing sediment from the impoundment
upstream of the dam (12,600 CY) and reed canary grass sediment (2,400 CY). Note that
sediment further up the channel and outside of the river corridor would not be removed and
allowed to pass downstream during floods following dam removal. Dewatering the impoundment
ahead of dam removal would allow for drier sediments and easier access in the impoundment.

The project area will be fully revegetated to accelerate site recovery. All disturbed areas will be
planted with native seed for wet areas or slopes, including pollinator species. Seed mixes will
be specified for remaining exposed soils based on slope.

Concept design plans have been prepared (Appendix G).

12.2  Preliminary Design

A preliminary (60%) design was prepared for the Trout Brook Dam removal project. Based on
feedback from the project team and regulators, there were no substantial changes to major
design elements from the concept design to preliminary design stage.

Sediment removal volumes are unchanged from the concept design. The preliminary design
includes wood structures to aid in the stabilization of the site and provide habitat in the restored
system. Twelve wood structures — 6 post-assisted log structures (PALS) and 6 beaver dam
analogs (BDASs) will be installed at roughly even spacing in the pilot channel throughout the
limits of excavation. The structures will span the limits of excavation laterally within the 100-foot
river corridor where most of the sediment will be removed.

A site restoration and planting plan was developed as part of the preliminary design.
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12.3  Final Design

Onsite disposal of fill was selected by project partners over hauling fill offsite. There is open
upland space on the southeastern portion of the property with existing access. Grading for fill
disposal was added based on feedback from the Town on slopes and maximum desired cover
over existing utility pipes. Additional details on construction sequence, erosion control, and
restoration were added to support permit review. Notes related to the protection of the Water
Source Protection Area were added based on comments from the VTDEC Public Drinking
Water program.

An evaluation of hydraulic effects was completed and determined to have no adverse impact
(Appendix H).

The final design includes the removal of the dam and outlet works and excavation of 15,700 CY
of impounded sediment. Large wood and wood structures are included throughout the pilot
channel and in two tributaries that flow into the impoundment. The final design opinion of
probable project cost is $770,000 that includes construction, a construction contingency of 10%,
bid phase services, and construction phase services. Final design plans and opinion of probable
cost are included in Appendix I.

12.4  Permitting Needs

The following permits are needed for the removal of Trout Brook Reservoir Dam. Site visits
were conducted with many of the regulatory agencies on September 19, 2023 and June 18,
2024 and to gain initial feedback on the design and insight into the permitting process needed.
Regulatory comments collected have been incorporated into the final design.

12.4.1 US Army Corps of Engineers Vermont General Permit

The USACE reported during the September 2023 site visit that the project is likely to be covered
under a general permit for this restoration activity. The permit will allow for fill associated with
accessing the dam for removal and possible stabilization measures. The permit will also allow
for dredging of accumulated sediment that is anticipated as part of the channel restoration. This
permit may be triggered if dewatering the impoundment, even if no construction activities are
proposed. Fill sites will also need to be reviewed.

12.4.2 Vermont Dam Safety Permit

The Vermont Dam Safety Section reported during the September 2023 visit that it is likely to
issue a Dam Order for this project to remove the obsolete and breached dam that is creating an
unnecessary public hazard. Dewatering of the impoundment is recommended and can be
implemented at any time without a permit.

12.4.3 Vermont Stream Alteration Permit

A stream alteration permit is likely to be obtained, as the design is moving the channel toward
dynamic equilibrium. Initial feedback from the Vermont River Scientist to restore the 100-foot
wide river corridor has already been incorporated into the design. An Individual Stream
Alteration Permit is required.

12.4.4 Vermont Wetlands

The Vermont Wetlands Program reported during the September 2023 visit that it is likely to
issue necessary approvals. The removal of the dam and restoration of the impoundment would
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need to be reviewed, but likely authorized as an allowed use not requiring a permit. An
Individual Wetlands Permit is necessary for construction access that crosses wetland buffer.

12.45 Vermont Public Water System

The Drinking Water and Groundwater Protection Division reported during the September 2023
site visit that the dam removal will need to be reviewed by the Division to determine what would
be needed for construction activities. This would not need a permit unless there is alteration of
the drinking water system. Lowering of the water main between Well #2 and the reservoir would
require this permit. The Drinking Water Program reviewed the final design plans and confirmed
that no permit is required for the project. The Program provided language that was added to the
design plans for protection of the Source Water Protection Area

12.4.6 Construction General Permit

This permit is needed if the project disturbs 1 acre or more above ordinary high water. The
project has a total of 9.4 acres of disturbance above OHW including the fill site. Due to its
location within a Class A watershed and the sloped setting of areas of the site, an Construction
Stormwater Individual Permit is required. The Class A watershed status is based on the
reservoir being used as a drinking water source, which is no longer the case.

12.4.7 Berkshire Zoning Permit

The Flood Hazard Area Regulations exempt the need for development review, but do need a
zoning permit for removal of part or all of a building or other structure, however channel
management is subject to conditional approval. Through the lowering of flood levels with dam
removal, we should be able to obtain a permit under the Flood Hazard Area Regulations.

The dam and therefore also the access to the dam is within the Source Water Protection Zone 1
for Well #2. Coordination and review from the state and Town will be required to make sure that
the design is completed in accordance with acceptable practices. Review of project will be
necessary with the Town of Berkshire and state regulators to make sure that the dam removal
design would be allowed within the source water protection plan.

A conditional use zoning permit is required for work within the Flood Hazard Overlay District and
Wellhead Protection Overlay District.
12.4.8 Vermont Division of Historic Preservation

The Vermont Division of Historic Preservation will review this project for the Army Corps and is
a confirmation process NOT a permit. It does require review and possibly additional
assessment work. An archeological resources assessment and historic resource review and
archaeological phase 1 site assessment were completed for the project site. The studies found
no archaeological sites and recommended a determination of No Historic Properties Affected.

13.0 References

Investigation and Remediation of Contaminated Properties Rule (I Rule) Environmental
Protection Rules Sec.35, Effective July 6, 2019.)

23 "



Franklin County Natural Resources Conservation District March 26, 2025
Trout Brook Reservoir Dam Removal SLR Project No.: 146.13528.00002

Arcement, G. J. J. and V. R. Schneider, 2006. Guide for Selecting Manning's Roughness
Coefficients for Natural Channels and Flood Plains (Metric Version) USGS Water-supply
Paper 2339 United States Geological Survey, Reston, VA.

Chow, V. T., 1959. Open-Channel Hydraulics, McGraw-Hill Book Company, New York, NY.

Clesceri, L. S., A. E. Greenberg, and A. H. Eaton (Editors), 1998. Standard Methods for the
Examination of Water and Wastewater (20th Edition), APHA, AWWA, and WEF,
Washington, DC.

Denton, 2021. Source Protection Plan Enosburg Falls Water System (WSID 5116), Enosburg
Falls, Vermont, July 2021.

Fischenich, J. C., 2001. Stability Thresholds for Stream Restoration Materials. ERDC TN-
EMRRP-SR-29. U.S. Army Engineer Research and Development Center, Vicksburg,
MS.

FCNRCD, 2022. Request for Proposals, Dam Removal Feasibility Study at Trout Brook
Reservoir Dam, Missisquoi River Watershed. Franklin County Natural Resources
Conservation District.

Jacobs, J., 2010. Estimating the Magnitude of Peak Flows for Steep Gradient Streams in New
England. New England Transportation Consortium Report NETC81, Project No. NETC
04-3. New England Transportation Consortium in cooperation with the Federal Highway
Administration, Burlington, VT.

Kline, M., C. Alexander, S. Pytlik, S. Jaquith, and S. Pomeroy, 2009. Vermont Stream
Geomorphic Assessment Protocol Handbooks: Remote Sensing and Field Surveys
Techniques for Conducting Watershed and Reach Level Assessments
(Http://Www.Anr.State.Vt.Us/Dec/Waterg/Rivers/Htm/Rv_Geoassesspro.Htm). Vermont
Agency of Natural Resources, Department of Environmental Conservation, Division of
Water Quality, River Management Program, Waterbury, VT.

MacBroom, J. G. and R. Schiff, 2013. Sediment Management at Small Dam Removal Sites. In:
The Challenges of Dam Removal and River Restoration: Geological Society of America
Reviews in Engineering Geology, 67-79. J. V. DeGraff and J. E. Evans (Editors). The
Geological Society of America, Boulder, CO.

MacDonald, D. D., C. G. Ingersoll, and T. A. Berger, 2000. Development and Evaluation of
Consensus-Based Sediment Quality Guidelines for Freshwater Ecosystems. Archives of
Environmental Contamination and Toxicology 39(1):20-31.

Olson, S., 2014. Estimation of Flood Discharges at Selected Annual Exceedance Probabilities
for Unregulated, Rural Streams in Vermont. Scientific Investigations Report 2014-5078.
U.S. Geological Survey in cooperation with the Federal Emergency Management
Agency, Reston, VA.

USACE, 2018. Hydrologic Engineering Center River Analysis System (HEC-Ras) (V. 5.0.6).
U.S. Army Corps of Engineers, Hydrologic Engineering Center, Davis, CA.

VTDEC, 2006. Vermont Regional Hydraulic Geometry Curves. Appendix J of the Vermont
Stream Geomorphic Assessment Protocol Handbooks: Remote Sensing and Field
Surveys Techniques for Conducting Watershed and Reach Level Assessments.
Vermont Agency of Natural Resources, Department of Environmental Conservation,
Division of Water Quality, River Management Program, Waterbury, VT.

Nk
44 s



Appendix A Dam Volume

Trout Brook Reservoir Dam Removal
Engineering Report
Franklin County Natural Resources Conservation District

SLR 