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1.0 Introduction

1.1 Purpose

The Lamoille River watershed has experienced periodic flood damage on both the Lamoille
River mainstem and tributaries. The flooding in 2023 and 2024, which caused erosion and
inundation damage throughout the basin, emphasized the need for flood mitigation activities and
changes to historic land use patterns. This project extends the existing hydraulic model of the
Lamoille River to create a watershed-scale understanding of existing flood patterns and how
they could be changed to reduce impacts of future floods (MMI, 2014, 2016, 2019). This model
aims to provide communities, towns, and Regional Planning Commissions (RPCs) with the
information to understand current flood dynamics and prioritize the most impactful mitigation
strategies.

AT

Figure 1: Lamoille River in Hardwick, Vermont

1.2 Project Location

This hydraulic modeling project studies the mainstem of the Lamoille River and seven tributaries
within the Lamoille River watershed (Figure 2). The existing model included the Lamoille
mainstem through Cambridge Village, Jeffersonville, Johnson, and Wolcott and the tributaries of
the Brewster and Wild Branch Rivers. The model was expanded to include the Lamoille
mainstem through Hardwick, Fairfax, and Georgia and tributaries including Cooper Brook,
Gihon River, Seymour River, Mill Brook, and Stones Brook. Through this project, certain areas
within the existing model were refined with the most accurate data available.
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1.3 Scope of Work
The scope of work for this study includes the follow tasks.
9 Data Collection

o Coordination and communication with project partners including periodic
meetings

o Data collection and review, including past studies, flood damage, modeling data,
LiDAR and other topography, bridge plans

0 Creation of a GIS basemap with existing and collected data
o Field visits to review flood patterns

0 Measurement of data for input to the hydraulic model including survey and
channel and structure measurements

1 Existing Conditions Hydraulic Modeling

0 Updates to the existing hydraulic model including extension into new areas
upstream, downstream, and select tributaries

o Validation/calibration based on past flooding
o0 Inundation and depth maps
1 Flood Mitigation Alternatives Analysis

0 Prepare a draft list of alternatives with input from the project team, field
observations, and review of existing conditions modeling

0 Meetings with the project team to review existing conditions and list of
alternatives

0 Field visits to selected alternatives analysis locations

o Data collection at alternatives locations to possibly include survey,
measurements, or existing data

0 Test alternatives in the hydraulic model

0 Summarize model results with maps, tables, or profile views
1 Reporting and Presentations

o0 Project report summarizing results

0 Presentations at multiple public and targeted stakeholder groups by community
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2.0 Lamoille Watershed

2.1 Lamoille River Mainstem

The Lamoille River is approximately 82 miles long and flows west across northern Vermont from
Greensboro to Lake Champlain. Its watershed is approximately 721 square miles, spanning
7.5% of the state of Vermont. This project studied approximately 68 miles of the Lamoille River
from Hardwick to Arrowhead Mountain Lake (Figure 3). There are 44 bridges and 5 dams
modeled along the mainstem of the Lamoille. The headwaters of the Lamoille River are
characterized by its upper valley setting with steeper slope and riffle pool channel. As the river
flows downstream, its slope decreases, and the channel becomes more sinuous surrounded by
broad floodplains.

The Lamoille River supports a variety of uses including watersports, fishing, irrigation, and
recreation along its banks on the Lamoille Valley Rail Trail. The dams along the mainstem are
used primarily for hydropower. Additionally, the river supports a diverse abundance of aquatic
and terrestrial wildlife providing habitat and clean water.
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Figure 3: Long profile of the Lamoille River  from Hardwick to Arrowhead Mountain Lake in Georgia
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2.2 Lamoille River Tributaries
2.2.1 Cooper Brook

CooperBrookj oins the Lamoille River just below Hardwic
Granite Street neighborhood, with a 16.9 square mile drainage area at the confluence. The

lower 2.2 miles of Cooper Brook have been included in the modeling. The upper reaches have

a slope of approximately 3.5% above Hardwick Electric Drive, with the lower reaches at a much

lower 1.5% slope as Cooper Brook approaches the village. The Lamoille River backwaters up

to 0.4 miles of the lower Cooper Brook area in a large flood. The historic Granite Street

neighborhood has been flooded repeatedly. There are reports that the confluence area has

been substantially altered from its original path.

Figure 4: Cooper Brook in Hardwick
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2.2.2 Wild Branch River

The Wild Branch River has a 40 square mile drainage area and flows generally south to its
confluence with the Lamoille River. During a large flood the Lamoille River backwaters up to 0.2
miles of the lower Wild Branch up to the Route 15 Bridge.

The lower 7 miles of the Wild Branch have been included in the modeling and there are three
bridges.

Wild Branch is known for erosion hazards and regularly floods damaging roads and buildings.
Several projects have been completed to reduce risk to bridges and roads and create more
resistance to erosion. Most recently, a wood revetment was installed to stabilize a river bank
(Figure 5) and a flood chute was cleaned out to create more storage for wood, ice and sediment
in the area of the North Wolcott Recreation Fields.

Figure 5: Natural bank stabilization on the Wild Branch near North Wolcott Road
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2.23 Gihon River

The Gihon River has a 65 square mile drainage area and flows generally southwest from Eden

to Johnson where it joins the Lamoille RiverinJ ohnsonés v iThelGhahdasaent er
relatively low slope near the farmlands adjacent to Rocky Rd in East Johnson (0.2%),

downstream the river is steeper through cascades and riffles along Route 100C (2%) (Figure 6)
before flattening out in the confluence area with the Lamoille (0.3%). The Lamoille River
backwaters up to 0.7 miles of the lower Gihon River area up to the Pearl St Bridge during large
floods.Due to the proximity of the conf |Iflocgingdrem ar ea wi
the Lamoille backwaters the Gihon and contributes to the inundation damage to property and
infrastructure along the Gihon. The flow path of the Gihon in the confluence area is dynamic and
has contributed to erosion of backyards directly upstream of the confluence and poses a risk to
infrastructure like the power poles in the oxbow forming upstream of the Main Street Bridge.

Figure 6: Gihon River in Johnson looking upstream from Route 100C
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224 Brewster River

The Brewster River has a 20 square mile drainage area and flows generally north from
Smugglers Notch to Jeffersonville Village where it joins the Lamoille just after crossing under
Route 15. The section of the Brewster River that was modeled has a moderate slope (0.7%). In
large floods the Lamoille River backwaters up to 0.5 miles of the lower Brewster River (Figure
7). The backwatering does not allow the Brewster River high flows to exit the Village of
Jeffersonville, causing flooding in the Village upstream of the Route 15 road embankment.

The lower 0.7 miles of the Brewster River has been included in the modeling and there are three
bridges.

Figure 7: Brewster River in Jeffersonville looking downstream from trail bridge towards confluence
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2.2.5 Seymour River

The Seymour River has a 23 square mile drainage area and flows generally north from Pleasant
Valley to Cambridge Village where it joins the Lamoille just upstream of the Wrong Way Bridge.
The section of the Seymour River that was modeled has a flat slope (0.03%). The Lamoille
River backwaters up to 0.4 miles of the lower Seymour River up to Lower Pleasant Valley Rd
Bridge during a large flood. The confluence area is frequently inundated by the Lamoille. The
Seymour originally entered the Lamoille downstream of the Wrong Way Bridge crossing under
Route 15, however the flow path was straightened to its current position, east of Route 15.

The lower one mile of the Seymour River has been included in the modeling and there are three
bridges.

The Wrong Way bridge sits near the confluence of the Brewster and Lamoille Rivers and often
has accumulated debris in a portion of it (Figure 8).

O P 3 N "

L

Figure 8: Wrong Way Bridge at the Brewster River Lamoille River Confluence
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2.2.6 Stones Brook

Stones Brook has an 11 square mile drainage area and flows generally southwest from Fletcher
to Fairfax where it joins the Lamoille downstream of Fairfax Falls. Stones Brook has a steeper
slope upstream (1%) where the river has more bedrock features and large boulders and flattens
downstream near the confluence (0.03%) and has active beaver activity (Figure 9). During large
floods the Lamoille River backwaters up to 0.4 miles of the lower Stones Brook area up to the
Shepardson Hollow Rd Bridge. The confluence area is frequently inundated directly due to
backwatering from the Lamoille.

The lower 1.7 miles of Stones Brook have been included in the modeling and there are three
bridges.

Figure 9: Stones Brook in Fairfax upstream of River Rd bridge
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2.2.7 Mill Brook

Mill Brook has a 22 square mile drainage area and flows generally south from Huntsville to
where it joins the Lamoille in Fairfax Village. Stones brook has a steeper slope upstream (3%)
between Boissoneault Rd Bridge and the Main St Bridge (Route 104) where the river has more
bedrock features (Figure 10) and flattens downstream near Maple St Covered Bridge and the
confluence (1%). During large floods the Lamoille River backwaters up to 0.3 miles of the lower
Mill Brook area up to the Main St Bridge. Flood hazards on Mill Brook are dominated by erosion
risk due to the high velocity in the river as it flows through town and bridges which all act as
constrictions. Closer to the confluence, inundation risk increases due to the influence of
Lamoille River backwatering.

The lower 0.6 miles of Mill Brook have been included in the modeling and there are three
bridges.

Figure 10: Looking upstream at Mill Brook downstream of Boissonneault Rd Bridge
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3.0 Hydrology

3.1 Introduction

The hydraulic model requires input of peak flood flow estimates to evaluate flood characteristics.
A 2025 hydrology study completed for FEMA updated peak flood flow estimates for the Lamoille
River and select tributaries (Compass, 2025). Flows were calculated for the 2-, 10-, 25-, 50-,
100-, and 500-year flood events. The locations of all hydraulic model flow input and flow
changes is shown below (Figure 11).

[ Lamoille River Subwatersheds

' USGS Gauge
Q Flow Change Location 0 5 )i

Miles
Sources: Esri, TomTom, Garmin, FAQ, NOAA, USGS, (c) OpenStreetMap contributors, and the GIS User Communil ty

Figure 11: Flow input locations in the Lamoille model and their sub  -watersheds (FEMA flow change locations
(Compass , 2025) (Appendix A)

For model flow input locations where calculation points existed, the updated FEMA flows were
inserted into the model. For locations where a calculation point did not exist, relationships
between the revised FEMA flows and drainage area were developed for the mainstem Lamoille
River and tributaries to estimate peak flood flows in the model (Appendix A).
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3.2 Review of Peak Flood Flows

The updated FEMA peak flood flows were compared to the peak flows at the two long-term
USGS gages on the Lamoille River in Johnson and East Georgia. A gage analysis (USGS,
1982) was completed for both gages and found that the updated FEMA flood flows agree with
the gage data. Measured peak flows for the July 2023 flood were compared to the estimated
FEMA peak flood flows (Figure 12). The observed July 2023 flood falls between the FEMA-
estimated 100- and 500-year flood at each gage.
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Figure 12: Peak annual flow data with flood flow estimates at the Lamoille River USGS gages in Johnson
(left) and East Georgia (right)

The updated FEMA flood flows have changed the flow magnitudes evaluated in the hydraulic
model. Peak flood flow estimates increased 20% in Johnson with the 100-year flow increasing
from 18,900 cfs to 22,786 cfs (Table 1). The 1980 FEMA flood flow estimates at the East
Georgia gage, are unexpectedly higher than the gage data indicates Table 2). The gage
analysis found that peak flood flow estimates have increased at both gages since the 1980
FEMA study. This indicates that across the Lamoille River Basin, larger and more frequent flood
events are expected in the future.

Table 1: FEMA Flood Flow Comparison in Johnson (FEMA, 1987; Compass , 2025).

Recurrence Interval Updated 2025 FEMA | 1980 FEMA FIS Flows

(years) Flows (cfs) (cfs)
10 10,890 10,800
25 15,430 n/a
50 19,546 16,050

100 22,786 18,900
500 30,717 27,200

3%
13
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Table 2: FEMA Flood Flow Comparison in East Georgia (FEMA, 1981; Compass , 2025).

Recurrence Interval Updated 2025 FEMA | 1980 FEMA FIS Flows

(years) Flows (cfs)
10 14,956 19,100
25 20,553 n/a
50 26,168 28,300
100 31,286 33,310
500 41,448 48,330
3.3 Uncertainty in Estimating Peak Flows

Estimating peak flood flows comes with uncertainty. Only two USGS gages exist in the Lamoille
River Basin with long-term flow data. Flood flows in all other areas of the watershed are
calculated with hydrologic modeling that relies on variables including precipitation estimates,
land cover data, soil characteristics, and storage area estimates.

In locations with long-term USGS gages peak flood flows are calculated with more certainty;
however, periods of record are typically 100 years or less. The gages on the Lamoille River
show that most of the largest recorded floods have occurred since 1980 (Figure 13). Comparing
the estimated peak flood flows using data from pre-1980 to peak flood flows using the whole
period of record reveals that estimated peak flood flows have increased. The measured 100-
year flood at the Johnson gage has increased 10% in 45 years from 20,630 cfs to 22,786 cfs. In
East Georgia the 100-year flow has increased 29% in 45 years from 24,280 cfs to 31,286 cfs.
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Figure 13: Peak annual flow data with historic and present 100 -year flood flow estimates at the Lamoille River
USGS gages in Johnson (left) and East Georgia (right)

This modeling effort uses the most up to date flood flow estimates that considers the large
floods measured in the Lamoille River Basin in the past 15 years.

3%
14
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4.0  Hydraulic Analysis

4.1 Introduction

A one-dimensional (1D) steady flow hydraulic model was developed to evaluate the Lamoille
River and seven tributaries using the United States Army Corps of Engineers Hydrologic
Engineering Center River Analysis System (HEC-RAS) software (USACE, 2024). Water surface
elevations, flow depths, and velocities are computed at each cross section. Model results
including water surface elevations, flow velocities, and shear stress are predicted at each cross
section and are used to evaluate existing conditions within the study area and to test flood
mitigation alternatives.

4.2 Existing Conditions Model

4.2.1 Model Setup

This project built upon an existing hydraulic model of the Lamoille River and incorporated data
from numerous sources (MMI, 2014, 2016, 2019).

The previous model which covered a smaller region, included terrain data derived from Vermont
2018 Light Detection and Ranging (LIDAR) data, HEC-2 microfiche scans, and field survey.
Through this project, the model was extended, and certain areas were refined and updated to
more accurately represent current conditions. The model extension and alternative refinement
areas were created with the following data inputs.

The model terrain used Vermont 2023 QL1 LiDAR (0.35m) (VCGI) to establish the cross section
geometry along the banks and the floodplains of the rivers. As LIDAR does not penetrate water,
additional information was required to determine the geometry of the channel below water level.
Channel geometries were estimated using FEMA profiles to establish the thalweg elevation.
Some sections were further refined using available survey either from a high accuracy GPS or
professional survey from Grenier Engineering or Horizons Engineering. Channel geometry
without FEMA data or survey were estimated using nearby FEMA or surveyed sections as
reference.

There are seventy bridges and five dams in the Lamoille Model. Bridge and dam geometries
were identified using existing plans, state inspection reports, and survey.

Buildings were modeled as obstructions and were created using the Vermont Base Land Cover
2021/2022.

Frictional energy losses are computed based on expansion or contraction coefficients at bridges
and Manni ngods r oshh(@hevs $959 Arcerhehtiard iISehmetder, 2006) (Table
3). Model n-values were initially designated using Vermont Base Land Cover 2021/2022. The n-
values were updated with field observations, FEMA HEC-2 data, and FEMA FIS information
when available.
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Table 3: Manning's Roughness Coefficients

Land Cover Roughness Coefficient (n)
Water 0.037 0.04
Tree Canopy 0.12
Grass/Shrubs 0.05
Buildings 10
Railroads 0.02
Roads 0.013
Other Impervious 0.013
Bare Soll 0.02

422 Model Validation

The hydraulic model was validated using documentation of recent flood events. The primary
validation events were the July and December 2023 floods.

Certain areas of the model were validated using photos from flood events as well as
conversations with residents documenting their past flood experiences. Meeting with
communities to provide an overview of the results of the existing conditions model created a
valuable opportunity to discuss results compared to observed conditions. Community members
marked up maps of the initial modeled inundation extent. This outline of the experienced flood
impacts would illustrate where the model was representing flood patterns and where more work
was required to refine the model to better match flood conditions.

In addition, photos of flood events were shared and high water marks (HWM) were documented
to compare with the existing conditions model results. For example, in Hardwick, we met with
members of the Granite Street Historic District and walked though their community while they
pointed out impacts from the flooding. We recorded pictures and measured HWMs (Figure 14).
We compared the elevation of the measured HWM with the water surface elevation from the
model (Figure 15). This documentation of past flood events provides effective information to
understand model accuracy.
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Figure 14: Lamoille River High Water Mark Measurement in the Granite Street Historic District in Hardwick
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Figure 15: Comparison between Measured High Water Marks and Modeled Flood Levels in the Granite Street
Historic District in Hardwick

We compared the model results with the USGS HWM for July 2023 (Figure 15, Figure 16).
Using the peak flows recorded at the USGS gage in Johnson and East Georgia, we estimated
the July 2023 flow to be approximately 7% greater than the 100-year flow. We scaled all flow
inputs to the model by 7% to approximate the conditions of this flood. The model results for the
water surface elevation were then compared to the HWM elevations throughout the Lamoille
River watershed. A total of 91 HWM were used to validate the model results.

In addition, the model results were compared to USGS HWM for December 2023 (Figure 16).
This flood had spatially variable impacts across the watershed as the gage in Johnson recorded
a peak flow that was greater than the 25-year flow while the East Georgia gage recorded a peak
flow greater than the 50-year flow. To approximate the conditions of the December 2023 flood,
the flows inputs to the model were scaled based on the average flow variation between the
gages and the 50-year flood which likely overestimated flow in the upstream watershed and
underestimated flow in the downstream watershed. A total of 22 HWM were used to validate the
water surface elevations in the Lamoille River model.
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Figure 16: July and December 2023 USGS HWM in Cambridge

The model was calibrated in multiple locations by adjusting cross section locations and shape,
n-values, and bridge geometry. The flood patterns that have been observed in recent large
floods are well represented by the existing conditions results. Modeled water surface
elevations are generally within 1 foot of observations and most larger differences can be
explained with understanding of the conditions during flooding, such as debris blocking a
structure.

The validation step indicates that the hydraulic model functions well for evaluation of flood
mitigation alternatives. With the 1-foot accuracy, the comparison between existing and proposed
conditions is expected to be a good representation of flood mitigation benefits.

4.3 Existing Conditions Model Results

Existing conditions depths, water surface elevations, and velocities were calculated at each
model cross section along the project length. Results can be viewed in a table view within the
model at each cross section. HEC-RAS interpolates results between cross sections and maps
across the terrain to create polygons of inundation extent and raster images of hydraulic
variables such as water depth, water surface elevation, and velocity.
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Model results were reviewed to help inform possible mitigation projects. In profile, where water
surface elevations had a quick rise or step, conditions were reviewed to understand what was
causing the back up of water (i.e., backwatering) and if there was a constriction that could be
removed to create less backwatering. The identification of these constrictions led to alternatives
to increase flow through larger crossing structures, by removing fill, or by reconnecting
floodplains. Where inundation occurs over neighborhoods or other critical infrastructure,
possible mitigation projects were identified to decrease flood depths and shrink the width of the
floodplain.

Existing conditions flood depth maps have been created by Town for the 10-year, 100-year, and
500-year floods (Appendix B). An existing conditions flood velocity map has been created for
the estimated 100-year flood (Appendix C). Note that some unexpected results can be
displayed in the plan view results mapping due to the interpolation process used for a 1D
hydraulic model while displaying results in 2-dimensions.
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5.0 Alternatives Analysis

5.1 Hardwick

Ten locations in Hardwick were selected as potential flood mitigation alternatives (Figure 17).
Some of these locations were identified by the town and regional planning commission as areas
with repeat damage from flooding while others were selected in a review of the existing
condition model results. Most of these alternatives are floodplain restoration projects. In
addition, we explored alternatives widening bridges, lowering an embankment, and removing a
dam. A summary of each of the alternatives in Hardwick and an overview of the existing and
proposed model results are discussed in the next sections.

Fire Station

s,

Civic Standard Floodplain §

Figure 17: Map of flood mitigation alternatives in Hardwick

Public meetings were held to provide an overview of the model results and review possible
alternatives on December 3, 2025 (am and pm sessions, and recoded on HCTV) and December
4, 2025 at the Selectboard meeting (Appendix D).
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5.1.1 East Hardwick Floodplain and Bridge

East Hardwick (Figure 18) has experienced inundation and erosion damage in the vicinity of the
Main Street Bridge. Modeling shows that although the bridge has vertical capacity, the
constriction in the Lamoille River backs up water upstream. The majority of the wide floodplain
area is open space and agricultural land. A few buildings are flooded during the modeled 100-
year flood (Figure 19). A wider bridge was tested, although the width available is constrained by
infrastructure.

Figure 18: Location map of East Hardwick Floodplain  (left) and model terrain  (right)

Figure 19: Existing Conditions depth mapping in East Hardwick
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