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TECHNICAL MEMORANDUM 
(123677) 

 
Date:  May 31, 2017 
To:  Laura Ranker, Central Vermont Regional Planning Commission 
Cc:  File 
Subject: Mad River Area Flood Mitigation Site Reports 
 

Ms. Ranker, 
 
The three attached reports document D&K’s investigation and development of 
conceptual flood mitigation options for three sites selected by CVRPC with infrastructure 
vulnerable to flooding. The three sites include: 
 

 A flood chute off of Shepard Brook on North Fayston Road in Waitsfield 
 Graves Brook near the Lincoln Street in Waterbury 

 Doctors Brook near the confluence with the Mad River in Moretown 
 
The intention of the investigations was to develop conceptual flood mitigation options for 
the three sites. Two of the three sites were selected by CVRPC to be modeled using 2D 
HEC-RAS routines to develop a more detailed understanding of the flood conditions and 
to assist in the development of conceptual mitigation options. 
 
D&K visited each location to gain familiarity with the sites. For the Shepard Brook and 
Graves Brook sites, D&K met with local individuals familiar with the history of flooding. 
Following the site visits, D&K performed a desktop analysis of each of the sites using 
readily available information to develop conceptual mitigation options. Shepard Brook 
and Graves Brook were modeled under “existing” and “proposed” conditions which 
included geometric changes to the stream systems to explore, at a conceptual level the 
potential benefits of the mitigation options. The conceptual mitigation options for each 
site, with an outline for suggested next steps, are included in the individual reports.  
 
These investigations should be considered preliminary. The recommendations generally 
suggest more detailed analysis of the conceptual options be conducted to determine the 
feasibility of implementation.  
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Shepard Brook Flood Chute  
Flood Mitigation Site 

 
1.0 Background 
 
1.1 Overview 
 
The Shepard Brook flood chute site is located in Waitsfield, approximately 4,000 feet upstream 
of the confluence of with the Mad River. The flood chute runs parallel to Shepard Brook for 
approximately 1,000 feet before rejoining the brook. The Shepard Brook flood chute site was 
selected by the CVRPC as a priority location with current infrastructure vulnerability, based on 
input from the public. The goal of this phase of the investigation was to develop a better 
understanding of the flooding conditions on this reach of Shepard Brook and to identify 
conceptual flood mitigation strategies to address repeat flooding to two residential properties 
between the flood chute and Shepard Brook. The primary outcome of the investigation was to 
include a summary of a qualitative assessment of the site, with recommended next steps to take 
to address the identified vulnerabilities.  
 
1.2 Field Investigations 
 
Chandler Engel of D&K conducted a site visit with Brad Long, who owns a home adjacent to the 
flood chute, on May 9th, 2017. The purpose of the visit was to gain familiarity with the site and 
an understanding of the specific flooding problems that have occurred and could potentially be 
mitigated. The site visit included the limited collection of basic data including photographs. 
Photographs from the visit are included in Attachment A. No detailed topographic survey was 
completed as part of this project. 
 
1.3 Initial Understanding of Flooding Vulnerabilities 
 
Based on discussions with Mr. Long, the primary concern at this site was repeat flooding from 
flows exiting the flood chute and causing erosion to his property, minor damage to his house 
and most significantly isolation when his and the upstream neighbors driveways are inundated. 
The two houses are located between Shepard Brook and the flood chute, with driveway access 
provided by two 30-40 foot long earth embankments spanning the flood chute, with 
approximately 3-4 ft diameter culverts installed to pass flow. Based on the history of the site 
provided by Mr. Long, the embankments have repeatedly overtopped or have been outflanked 
during flood events, isolating residents and causing damage to the driveways. In addition Mr. 
Long has experienced erosion on his front lawn, adjacent to and downstream of the driveway. 
The erosion appeared to be from flow re-entering the flood chute after outflanking the driveway 
embankment. 
  
2.0 Flood Mitigation Strategies 
 
2.1 Conceptual Mitigation Options 
 
Based on observations made during the field investigation and discussions with Mr. Long, the 
most obvious potential mitigation project was to remove the driveway obstructions from the flood 
chute. The current driveway embankments are fitted with culverts that are much smaller in width 
than the flood chute, and likely have insufficient capacity to convey larger flows in the flood 
chute. Installation of a longer span culvert or a bridge would improve conveyance in the flood 
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chute and may positively change the flooding conditions. To reduce the cost, the driveways 
could be replaced with a single shared channel-spanning structure. 
 
 
2.2 Hydraulic Evaluation 
 
This site is located in a hydraulically complicated area primarily because water entering the 
flood chute is separated from the main channel flow for approximately 1,000 feet before re-
entering the channel. Due to the complexity of the hydraulics at this site, it was selected to be 
modeled using 2-dimensional (2D) hydraulic modeling techniques. The 2D HEC-RAS model 
was based on a high-resolution lidar derived digital elevation model (DEM) which allows the 
construction of complex model geometry. The model is capable of simulating flow exiting a 
channel laterally, flowing around buildings and running in separate, parallel flowpaths. The 
results of 2D modeling can provide a much more detailed understanding of flood patterns than a 
traditional 1-dimensional model, and the output can be easily shown on maps, making it easier 
to communicate the results with a broad audience. 
 
2.2.1 Hydraulic Model Setup 
 
The hydraulic model was initially set up in HEC-RAS 5.0.3 to evaluate existing conditions 
flooding using the 0.7m DEM basemap provided by CVRPC. The model extended 
approximately 500 river feet up Shepard Brook from the entrance to the flood chute, 1,000 feet 
along Shepard and the flood chute and 800 feet downstream of where the flood chute rejoins 
Shepard Brook. 
 
The ground cover was digitized using Google and Bing aerial imagery to classify the ground 
cover and assign Manning's roughness coefficients as: 
 

 Stream 
 Flood Chute 
 Gravel Road 
 Paved Road 
 Forest 
 Open/Cleared Land 
 Buildings 

 
The 2D mesh was generated using a default 10 foot grid size modified with breaklines around 
important terrain changes such as top of channel bank, buildings and roads. The driveway 
culverts were modeled as circular culverts, with upstream and downstream invert elevation 
equal to the bottom of the channel bottom in the DEM for existing conditions. 
 
2.2.2 Hydrology 
 
Model hydrology was based on published 2013 FEMA flows for Shepard Brook. Three 
recurrence events were modeled, the 10-year, the 25-year event and the 100-year event. 
 
  

 10-year Flow 
(CFS) 

25-year Flow 
(CFS) 

100-year Flow 
(CFS) 

Shepard Brook 1,530 2,100 3,100 
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2.3 Model Results 
 
2.3.1 Existing Conditions 
 
The existing conditions model shows that the flood chute is accessed during the 25-year and 
100-year events, but not during the 10-year event. The model does not account for the effects of 
debris jamming in the channel, potentially diverting flow into the flood chute at lower flows. 
When flow accesses the chute, it flows relatively unimpeded until it encounters driveway #1 
which raises the local water surface elevation, overtops part of the driveway and diverts flow 
into the left bank. This is consistent with Mr. Long’s description of a recent flood event which 
displaced a storage shed in this location. The next driveway (#2) has a similar effect, though 
during the 100-year event the displacement of flow into the left bank is enough to potentially 
result in flood impact to the house (Structure 2), and follow a small separate swale to the north 
of the house. Flow re-entering the channel from the left bank directly downstream of driveway 
#2 has relatively high velocity and is consistent with the bank erosion pattern observed at this 
location during the site visit. 
 
Further downstream, there are two structures adjacent to the channel. Structure 3 appears to be 
barely clear of the flood impacts, and Structure 4 appears to potentially be impacted by shallow 
flooding. 
 
Flows in the flood chute for the 10, 25 and 100-yr events under existing conditions are 
estimated at 6 cfs, 120 cfs and 500 cfs. 
 
2.3.2 Proposed Conditions – Driveway Embankments Removed and Replaced with 
Channel Spanning Structure 
 
The proposed conditions model was prepared by removing the driveway embankments. This 
simple model is intended to simulate a best-case scenario where the driveways are replaced 
with a channel spanning structure with a length of at least 40 feet. 
 
The proposed conditions model shows a significant change in flow patterns in the area of 
concern. Removal of the obstructions allows the flood chute to flow relatively freely, and water 
does not access the left overbank as much, most notably around Structure 2, even during the 
100-year event. The effect of removing the embankments appears to have very little effect 
downstream, suggesting that due to their scale, the hydraulic effects are only seen locally.  
 
Of note is the lack of influence of the driveway backwater on upstream access to the chute. This 
suggests that removing the driveway embankments would be unlikely to allow more flow to 
access the flood chute, which is confirmed by the model results showing essentially no change 
to the hydraulics at the flood chute entrance under the cases considered. 
 
2.4 Preliminary Conclusions 
 
The preliminary conclusions of this investigation suggest that removing the driveway 
embankment structures and replacing the access with a channel spanning structure would likely 
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have a noticeable effect on flooding in the area between the flood chute and Shepard Brook. 
The model results show that the effects would be most significant and beneficial at Structure 2. 
 
 
3.0 Next Steps 
 
This investigation and modeling effort was intended to be a first step in exploring conceptual 
mitigation options for this site. Based on the preliminary model results it appears replacing the 
driveway embankments with a channel spanning structure would positively impact flooding 
issues. 
 
Next steps could include the development of a conceptual designs for the new crossing. The 
scope of a conceptual design should include collection of field survey data, refined hydraulic 
modeling using field survey data, development of conceptual design drawings and associated 
cost estimates. The structure span is an important consideration from a hydraulic, regulatory 
and cost perspective. The conceptual design process should consider these factors in selecting 
an appropriate span for this site. The development of conceptual designs would provide a more 
defined expectation of the project impacts, and importantly an estimated cost of implementation. 
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Shepard Brook – Flood Chute Entrance (Structure 1 in Background) 

 
 

 
Shepard Brook – Driveway 1 Looking West from Driveway 2 
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Shepard Brook – Swale on North Side of Structure 2 

 
 

 
Shepard Brook – Flood Chute Downstream of Driveway 2 
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Graves Brook Flood Mitigation Site 
 
1.0 Background 
 
1.1 Overview 
 
The Graves Brook site is located in Waterbury, upstream of the confluence of Thatcher Brook 
and Graves Brook in the vicinity of the Lincoln Street crossing. At the confluence with Thatcher 
Brook, the watershed area of Graves Brook is approximately 2.8 square miles. This stream 
reach has been significantly altered due to development, which includes a state-owned park & 
ride facility, a town highway crossing and a residential neighborhood. 
 
The area is included in a FEMA mapped floodplain, however only Thatcher Brook has been 
hydraulically modeled. The limited flood elevation data on Graves Brook, upstream of the 
confluence, is based only on backwater from Thatcher Brook. 
 
Graves Brook was investigated during a Phase 2 Geomorphic Assessment which is 
documented in the 2015 Middle Winooski River Corridor Plan prepared by Bear Creek 
Environmental. The segment in the study area (R13.S1.03-A) was identified to be in fair 
geomorphic condition due to channel incision and fine sediment accumulation likely caused by 
historic channel straightening and encroachments. The culvert crossing under Lincoln Street 
was identified as undersized and listed as a High priority project to improve geomorphic and 
habitat conditions in the stream. 
 
The Graves Brook mitigation site was selected by the CVRPC as a priority location with current 
infrastructure vulnerability, based on input from the public. The goal of this phase of the 
investigation was to develop a better understanding of the flooding conditions on this reach of 
Graves Brook and to identify conceptual flood mitigation strategies to address repeat flooding 
immediately upstream of the Lincoln Street crossing. The primary outcome of the investigation 
was to include a summary of a qualitative assessment of the site, with recommended next steps 
to take to address the identified vulnerabilities.  
 
1.2 Field Investigations 
 
Chandler Engel of D&K conducted a site visit with Steve Lotspeich of the Town & Village of 
Waterbury on May 9th, 2017. The purpose of the visit was to gain familiarity with the site and an 
understanding of the specific flooding problems that have occurred and could potentially 
mitigated. The site visit included the limited collection of basic data including photographs and 
hand measurements of important hydraulic features. Photographs from the visit are included in 
Attachment A. 
 
The primary field measurement taken was of the elliptical corrugated metal pipe culvert located 
under Lincoln Street, which was measured with a rise and width of approximately 6 feet by 9 
feet. No detailed topographic survey was completed as part of this project. 
 
1.3 Initial Understanding of Flooding Vulnerabilities 
 
Based on discussions with Mr. Lotspeich, the primary concern at this site was repeat flooding in 
the small residential neighborhood upstream of Lincoln Street. Several houses are located 
along Graves Brook, and appear to be located in what was the natural floodplain. Lincoln Street 
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is elevated above the grade of the floodplain, and water not passing through the culvert would 
necessarily have to cross the road at a low spot to the west, near the intersection with Perry Hill 
Road. The road appeared to create a potential barrier in the floodplain, preventing flow from 
moving downstream unless the water was higher than road crest elevation and could and flow 
across Lincoln Street. 
 
2.0 Flood Mitigation Strategies 
 
2.1 Conceptual Mitigation Options 
 
Based on observations made during the field investigation and a review of the River Corridor 
Plan, the most obvious potential mitigation project was improving the Lincoln Street crossing. 
The current structure is approximately 9 feet wide. To be considered compatible with fluvial 
geomorphic processes, such as sediment transport (and to meet current State regulatory 
guidelines) new structures need to be at least as wide as the local “bankfull width.” The 
reference bankfull width provided in the River Corridor Plan is 20.6 feet, indicating the existing 
structure is severely undersized. The conceptual replacement culvert size was based on the 
conservative end of the State crossing guidelines which is a span of 1.2 x bankfull width, in this 
case approximately 25 feet. This structure would likely be either a large concrete box structure 
or a bridge. 
 
The channel downstream of the crossing is clearly incised and does not appear to have 
adequate floodplain access. This condition results in the potential for high-energy flow being 
confined to the narrow, deep channel, further eroding the channel bed, and potentially 
destabilizing the channel banks causing erosion and sediment deposition downstream. 
Downstream of the culvert the stream bends sharply and runs parallel and directly adjacent to 
Lincoln Street. This location has been armored with concrete waste blocks, potentially because 
of the ongoing incision and bank destabilization process. A conceptual mitigation option to 
address this issue could include excavation of the right river bank, between the stream and the 
park & ride to construct a floodplain bench, a couple of feet above the channel bottom, which 
would allow flood waters to access a wider channel at high flows, reducing channel velocities 
and the potential for bed and bank erosion. 
 
2.2 Hydraulic Evaluation 
 
This site is located in a hydraulically complicated location for three reasons: 
  

 The proximity of the confluence of Thatcher Brook, which is known to backwater into 
Graves Brook, potentially affecting hydraulics in the channel and through the Lincoln 
Street culvert,  

 The development in the floodplain adjacent to the brook (Structures 1-4), which reduces 
floodplain capacity and causes redirection of flows, 

 The presence of Lincoln Street spanning the floodplain, creating a hydraulic barrier to 
natural floodplain flow. 

 
Due to the complexity of the hydraulics at this site, it was selected to be modeled using 2-
dimensional (2D) hydraulic modeling techniques. The 2D HEC-RAS model was based on a 
high-resolution lidar derived digital elevation model (DEM) which allows the construction of 
complex model geometry. The model is capable of simulating flow exiting a channel laterally, 
flowing around buildings and running in separate, parallel flowpaths. The results of 2D modeling 
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can provide a much more detailed understanding of flood patterns than a traditional 1-
dimensional model, and the output can be easily shown on maps, making it easier to 
communicate the results with a broad audience. 
 
2.2.1 Hydraulic Model Setup 
 
The hydraulic model was initially set up in HEC-RAS 5.0.3 to evaluate existing conditions 
flooding using the 0.7m DEM basemap provided by CVRPC. The model extended up Graves 
Brook approximately 1,800 river feet from the confluence with Thatcher Brook, and on Thatcher 
approximately 1,100 river feet upstream and 600 feet downstream of the confluence. 
 
The ground cover was digitized using Google and Bing aerial imagery to classify the ground 
cover and assign Manning's roughness coefficients as: 
 

 Stream 
 Gravel Road 
 Paved Road 
 Forest 
 Open/Cleared Land 
 Buildings 

 
The 2D mesh was generated using a default 10 foot grid size modified with breaklines around 
important terrain changes such as top of channel bank, buildings and roads. The Lincoln Street 
culvert was modeled as an elliptical culvert, with upstream and downstream invert elevations 
equal to the bottom of the channel bottom in the DEM for existing conditions. 
 
2.2.2 Hydrology 
 
Model hydrology was based on published 2013 FEMA flows for Thatcher Brook and USGS 
StreamStats regression flows for Graves Brook. Two recurrence events were modeled, the 25-
year event and the 100-year event. 
 
  

 25-year Flow 
(CFS) 

100-year Flow 
(CFS) 

Thatcher Brook 1,950 2,950 
Graves Brook 347 508 

 
 
2.3 Model Results 
 
2.3.1 Existing Conditions 
 
100-Year 

 
The existing conditions model shows that during the 100-year event, flooding conditions around 
Lincoln Street are dominated by backwater effects from Thatcher Brook. The backwater is high 
enough to partially submerge the culvert crossing, reducing the efficiency of the undersized 
structure. This condition immediately shows that any sizing improvement to the crossing may 
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not have a dramatic effect on 100-year flood elevations, because they are being driven to a 
large extent by conditions on Thatcher Brook.  
 
Due in part to the limited capacity of the culvert due to sizing and backwater effects, flow is 
shunted out of the channel upstream of the crossing, to the west into the floodplain where it 
crosses Lincoln Street at the low spot to the east of the intersection with Perry Hill Road. While 
the undersized crossing is likely a cause of flooding in the left bank, natural access to the 
floodplain should be expected, and the model shows consistent access is only obstructed due to 
the presence of several buildings constructed along the bank. During the 100-year flow 
condition, the model shows approximately 50% of the flow is routed across the road running on 
the order of 1 foot deep over the centerline before re-joining the stream on the north side of 
Lincoln Street.  
 
Structures in the left floodplain (to the west) are projected to see inundation depths on the order 
of 0.5 to 1.5 feet. The depth is partially driven by the height of Lincoln Street which acts as a 
barrier to flow, resulting in a “pooling” of water upstream of the road before it crests the road and 
can flow over. 
 
25-Year 

 
The model of the less severe 25-year event shows that the general flooding patterns are similar 
to those seen in the 100-year model, but with lower water surface elevations. The Thatcher 
Brook backwatering effect on the culvert efficiency is less pronounced, but approximately 30% 
of flow still access the floodplain and crosses Lincoln Street. 
 
Inundation depths in the left floodplain around structures are projected to be on the order of a 
few inches. 
 
2.3.2 Proposed Conditions - Increased Culvert Size 
 
The proposed conditions model was prepared by upsizing the Lincoln Street culvert from a 6 ft x 
9 ft elliptical culvert, to a 25 ft x 6 ft box culvert. 
 
100-year 

 
As expected, the significant change in the structure size did not have an significant effect on the 
100-year flood stages around Lincoln Street, largely because of the strong backwater effect 
from Thatcher Brook. The larger culvert did have a major effect on conveyance however, 
passing approximately 80% of the storm flow (up from 50% under existing conditions). This 
results in less conveyance and flow velocity through the left overbank and across Lincoln Street, 
which is a beneficial outcome. 
 
Plots showing effects of the culvert upgrade on 100-year flood velocities and stages in the area 
are included in attachment A. 
 
Inundation depths are approximately the same at the structures in the left floodplain, but the 
velocity of water passing through the area is projected to be less compared to existing 
conditions, reducing the potential for scour and erosion. 
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25-year 

 
The increased culvert size is enough to pass the entire 25-year flow. The effects of this 
capacity, combined with the less pronounced effects of backwater from Thatcher during this 
smaller event result in very little flow being conveyed in the developed left overbank.  
 
The two most upstream houses (Structures 3 & 4) in the left overbank still appear to be 
impacted by shallow flow during this event, and the effects of the culvert changes are not 
pronounced this far upstream. 
 
2.3.3 Proposed Conditions - Park & Ride Bankfull Bench 
 
While the effects of backwater from Thatcher is clearly identifiable in the flood profiles (Figures 
9-12), the narrow incised channel around the park & ride appears to be a significant flow 
restriction. The effects are most pronounced in the 25-year profile (Figure 10). To explore the 
potential to improve conveyance through this area, and reduce backwater submergence on the 
Lincoln Street culvert, a floodplain bench was cut into the model geometry extending from the 
outlet of the culvert to Thatcher Brook. The bankfull width of the idealized floodplain restoration 
feature was approximately 21 feet, with a bench approximately 2 feet above the existing 
channel bottom. The flat bench extended approximately 25 feet before rising steeply to meet the 
grade of the parking lot. The geometry of this section is idealized and additional investigation 
would be required to determine an appropriate geometry compatible with the stream 
geomorphology and existing infrastructure. 
 
In both the 25-year and 100-year events, the implementing the floodplain bench essentially 
eliminated any backwater resulting from flow restriction through the narrow channel reach. This 
reduced the water surface elevation downstream of the culvert, and reduced the degree of 
backwatering at the culvert to the backwater elevation seen on Thatcher Brook. The improved 
outlet conditions on the culvert reduced flood stages upstream of Lincoln Street and allowed 
slightly more conveyance through the culvert.  
 
The effects on the 25-year flood stage upstream of the culvert were significant (~1 ft) within the 
channel, but only a slight impact to stage is predicted in the left overbank near Structures 1 & 2. 
This is because the upgraded culvert condition resulted in reduced stages in the channel, 
limiting the potential for flow to access the floodplain. Additional reduction in water surface 
elevation in the channel has diminishing returns at this flood event. At events larger than the 25-
year, but smaller than the 100-year such as the 50-year event, the bankfull bench may have a 
more pronounced effect on the stages in the floodplain around Structures 1 & 2. 
 

2.4 Preliminary Conclusions 
 
The preliminary conclusions of this investigation suggest that there is some limited ability to 
mitigate repeat flood damages upstream of Lincoln Street through improvements to the culvert 
crossing and the channel downstream. The effects are expected to be most pronounced during 
smaller recurrence events such as the 25-year event. Flooding conditions during the 100-year 
event are dominated by backwater from Thatcher Brook.  
 
Structures 1-4 are all in the floodplain, and will likely experience flooding regardless of any 
practical engineering solutions applied to the stream. Widening the culvert to bankfull width or 
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greater will likely result in an incremental reduction of flood stage, primarily at Structures 1 & 2, 
with less pronounced effects at Structure 3 and a minimal effect at Structure 4. The improved 
conveyance through the culvert will likely reduce the amount of flow, if not the stage in the 
overbank around Structures 1-3, which will reduce velocities which can cause erosion. The 
improved culvert will also be less prone to debris clogging, which could have major impacts on 
flooding upstream. Flooding from debris jamming was not modeled as part of this investigation.  
 
The model shows that restoring the channel downstream of the culvert along the park & ride 
through the excavation of a floodplain bench would likely result in additional incremental 
reduction of flood stage upstream, though again the effects will be most pronounced during 
smaller events. The model predicts a reduction in velocities through that reach, which would 
likely reduce scour and incision. Slower velocities would promote a more stable geomorphic 
condition and potentially reduce the potential for impacts to adjacent infrastructure from erosion. 
 
3.0 Next Steps 
 
This investigation and modeling effort was intended to be a first step in exploring conceptual 
mitigation options for this site. Based on the preliminary model results it appears two projects 
have potential to positively impact flooding and geomorphic stability issues: 
 

 Upgrading the Lincoln Street Culvert to a wider span structure 
 Constructing a floodplain bench along the brook adjacent to the Park & Ride 

 
It is important to note that while these conceptual projects appear to have potential to reduce 
local flood levels, Structures 1-4 are in an area prone to natural flooding and these mitigation 
options will not eliminate the flood risk. 
 
Next steps could include the development of conceptual designs for the two projects, which 
should include collection of field survey data, refined hydraulic modeling using field survey data, 
development of conceptual design drawings and associated cost estimates. The development of 
conceptual designs would provide a more defined expectation of the project impacts, and 
importantly an estimated cost of implementation. 
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Figure 2 - Graves Brook Mitigation Site - Existing Conditions Velocity Map - 100-Year Flow
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Figure 3 - Graves Brook Mitigation Site - Existing Conditions Elevation Map - 100-Year Flow
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Figure 4 - Graves Brook Mitigation Site - Proposed Conditions Velocity Map (Culvert Upgrade and Bankfull Bench) - 100-Year Flow
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Figure 5 - Graves Brook Mitigation Site - Proposed Conditions Elevation Map (Culvert Upgrade and Bankfull Bench) - 100-Year Flow
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Figure 6 - Graves Brook Mitigation Site - Existing Conditions Velocity Map - 25-Year Flow
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Figure 7 - Graves Brook Mitigation Site - Proposed Conditions Velocity Map (Culvert Upgrade Only) - 25-Year Flow
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Figure 8 - Graves Brook Mitigation Site - Proposed Conditions Velocity Map (Culvert Upgrade and Bankfull Bench) - 25-Year Flow
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Figure 9 - 100-Year Flow Profile Along Channel - Effects of Upgrading Lincoln Street 9'x6' Elliptical Culvert with 25'x6' Box Culvert

Backwater Submerges Culvert
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Structure locations are projected onto the channel
profile for orientation purposes only. Actual building
sill elevations were not surveyed, and flood eleva-
tions at individual structures in the floodplain vary
from the elevations calculated in the channel.
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Figure 10 - 25-Year Flow Profile Along Channel - Effects of Upgrading Lincoln Street 9'x6' Elliptical Culvert with 25'x6' Box Culvert

Backwater Submerges Culvert
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Structure locations are projected onto the channel
profile for orientation purposes only. Actual building
sill elevations were not surveyed, and flood eleva-
tions at individual structures in the floodplain vary
from the elevations calculated in the channel.
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Figure 11 - 100-Year Flow Profile Along Channel - Effects of Upgrading Lincoln Street 9'x6' Elliptical Culvert with 25'x6' Box Culvert and Creating Bankfull Bench along Park & Ride

Backwater Submerges Culvert

Lincoln Street Culvert
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Structure locations are projected onto the channel
profile for orientation purposes only. Actual building
sill elevations were not surveyed, and flood eleva-
tions at individual structures in the floodplain vary
from the elevations calculated in the channel.

Proposed
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Backwater from narrow channel
reduced with installation of
bankfull bench - Culvert remains
submerged
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Figure 12 - 25-Year Flow Profile Along Channel - Effects of Upgrading Lincoln Street 9'x6' Elliptical Culvert with 25'x6' Box Culvert and Creating Bankfull Bench along Park & Ride

Backwater Submerges Culvert

Lincoln Street Culvert

Structures 1&2

Structure 3

Structure 4

Structure locations are projected onto the channel
profile for orientation purposes only. Actual building
sill elevations were not surveyed, and flood eleva-
tions at individual structures in the floodplain vary
from the elevations calculated in the channel.
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Bankfull Bench)

Backwater from narrow channel
reduced with installation of
bankfull bench
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Graves Brook  – Lincoln Street Culvert 

 
 

 
Graves Brook – Structure 4 in Foreground, Structure 2 in Background 
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Graves Brook – Structure 3 

 
 

 
Graves Brook – Channel Upstream of Lincoln Street Culvert 
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Doctors Brook Flood Mitigation Site 
 
1.0 Background 
 
1.1 Overview 
 
The Doctors Brook site is located in Moretown at the confluence with the Mad River. The 
Doctors Brook site was selected by the CVRPC as a priority location with current infrastructure 
vulnerability, based on input from the public. The goal of this phase of the investigation was to 
develop a better understanding of the flooding conditions on this reach of Doctors Brook and to 
identify conceptual flood mitigation strategies to address repeat flooding primarily to the fire 
station. The primary outcome of the investigation was to include a summary of a qualitative 
assessment of the site, with recommended next steps to take to address the identified 
vulnerabilities.  
 
1.2 Field Investigations 
 
Chandler Engel of D&K conducted a site visit on May 10th, 2017. Representatives from the fire 
station were not available, and attempts to contact residents adjacent to the brook during the 
site visit were unsuccessful. The purpose of the visit was to gain familiarity with the site and an 
understanding of the specific flooding problems that have occurred and could potentially be 
mitigated. The site visit included the limited collection of basic data including photographs and 
hand measurements of the Route 100B bridge over the brook. Photographs from the visit are 
included in Attachment A. No detailed topographic survey was completed as part of this project. 
 
Doctors Brook is a relatively steep mountain stream with some floodplain access upstream of 
Route 100B before Doctors Brook Road approaches on the right bank. The road appears to 
encroach on the channel near the intersection with Route 100B. As the stream approaches the 
Route 100B bridge, the channel abruptly turns nearly perpendicular to the roadway for the 
crossing.  
 
The bridge is a cast-in-place concrete structure with a 1928 date stamp. The bridge opening is 
approximately 16’-3” wide and 11’-3” high from the channel bottom to the low chord. To the left 
of the structure the Route 100B road embankment rises above and blocks the floodplain. A 
residential structure and the fire station are located on the downstream side of Route 100B, and 
in the left overbank. These structures are the subject of this investigation. 
 
1.3 Initial Understanding of Flooding Vulnerabilities 
 
D&K’s understanding of flooding at this location is limited to basic summary information 
provided by CVRPC and site observations made during a low-flow period. The Route 100B 
crossing structure is located on a sharp bend of the brook and likely has less hydraulic capacity 
than the clear width of the structure would suggest. Debris jamming may also be an issue at this 
location due to the abrupt change in channel alignment.  
 
The drainage area at this location is approximately 4.4 square miles. Vermont regression 
equations for channel bankfull width suggest an appropriate bankfull width of 25.1 feet, which is 
nearly 40% wider than the current structure. The width of the structure combined with the abrupt 
crossing angle suggest this structure is likely contributing to local flooding issues. 
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For flows from Doctors Brook to directly impact the fire station, the road embankment would 
likely need to be overtopped. Without the benefit of hydraulic modeling of the bridge crossing it 
is difficult to evaluate the potential and frequency for this mode of flooding.   
 
A review of the flood inundation limits calculated as part of the Mad River Flood Study shows 
that the mouth of Doctors Brook is significantly influenced by flood events on the Mad. This 
effect likely further impacts the capacity of the bridge and may result in more frequent 
overtopping of the road than if Doctors Brook was free-flowing during large events. The 
interaction of the two streams is likely complicated, but some inferences could be made if a 
model of the system were constructed. This site was not selected by the CVRPC to be modeled 
using HEC-RAS 2D routines as part of this investigation. 
 
Regardless of the impacts of and potential mitigation options on Doctors Brook, it appears that 
the fire station is susceptible to inundation from the Mad River. Figure 2 shows the inundation 
effects at the site from the recent modeling of the Mad River. The inundation extents on Doctors 
Brook represents backwater from the Mad River, and do not consider the effects of the Route 
100B bridge on flows in Doctors Brook. Since the bridge appears to be undersized, it will likely 
produce a backwater on the upstream side of the road, and the inundation extents are likely 
greater than shown on Figure 2. More detailed modeling of 100B crossing is necessary to more 
accurately describe the existing flooding conditions. 
 
2.0 Flood Mitigation Strategies 
 
2.1 Conceptual Mitigation Options 
 
Due to the limited available information about the flood history at this site and limited 
quantitative information about the potential flooding problems it is difficult to suggest any 
specific conceptual mitigation options.  
 
The fire station and the adjacent residence are both in a vulnerable location with potential 
impacts coming from flooding on Doctors Brook and the Mad River. Even with a successful 
flood mitigation project implementation on Doctors Brook, the sites will likely remain vulnerable 
from the Mad River side. Structure specific flood mitigation options might be the most effective 
options, such as wet flood proofing, including raising mechanical equipment above projected 
flood levels. 
 
The Route 100B bridge crossing appears to be undersized and the local area, particularly 
upstream of the bridge may see some benefit from increasing the span of the structure. This 
option would require a preliminary hydraulic analysis to better understand the existing conditions 
and to project any measurable benefits. 
 
3.0 Next Steps 
 
This investigation was intended to be a first step in exploring conceptual mitigation options for 
this site. Based on a qualitative assessment of the site, the most beneficial mitigation option for 
the fire station is likely flood proofing to the structure and contents.  
 
Next steps for pursuing flood proofing would include an evaluation by an engineer who 
specializes in improving structures to better weather flood events. 
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Next steps related to improving the Route 100B bridge could include the development of a 
preliminary hydraulic model to better understand the existing flooding conditions and to conduct 
a preliminary proposed conditions evaluation. 
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FIGURE 2 Doctors Brook Site - Mad River Inundation
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Doctors Brook – Moretown Fire Station – Downstream of Route 100B 

 
 

 
Doctors Brook – Residence on Corner of Doctors Brook and Route 100B 
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Doctors Brook – Route 100B Crossing Looking North 

 
 

 
Doctors Brook – Crossing Opening 

 
 
 




