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Executive Summary 
The purpose of this study was to conduct a hydraulic and geomorphic analysis at the confluence of the 
Batten Kill and Roaring Branch Rivers in Arlington, Vermont for the Batten Kill Watershed Alliance 
(BKWA) under a grant from the Vermont Department of Environmental Conservation (VT DEC).  More 
specifically, the study evaluated the changes in flood inundation area, water depth, and energy dissipation 
at the Roaring Branch/Batten Kill confluence resulting from the removal of berms along the lower reach 
of the Roaring Branch. 

The Batten Kill within the state of Vermont flows through a broad valley between the Taconic Mountains 
to the west and the Green Mountains to the east.  The Roaring Branch is one of the Batten Kill’s high-
gradient tributaries originating from the western slopes of the Green Mountains.  Historically, the Roaring 
Branch dissipated sediment and excess energy in a broad alluvial fan at its confluence with the Batten 
Kill.  However, in response to severe flooding in the 1930s and again in 1973, portions of the Roaring 
Branch were dredged and bermed, which has confined floodwaters and increased stream power in the 
channel under larger flows, leading to further degradation and the inability to re-establish a new 
floodplain. 

After the Roaring Branch became constrained by berms, its historic floodplain became more developed, 
specifically by a campground known as Camping on the Batten Kill in the river-left corridor and several 
year-round and seasonal residences, as well as a restaurant, in the river-right corridor.  Although portions 
of the berms may be providing critical flood protection for these structures, other area of the berms are 
experiencing deterioration, and have even been breached in spots by flood chutes.  It appears that the 
berms are being pressured by increased in-channel energy and are at risk of failing and potentially 
damaging property.  Therefore, the BKWA and the VT DEC, as well as several landowners in the project 
area, wanted to evaluate alternatives to alleviate some of the pressure on the structures and campground in 
the floodplain by removing a portion or a combination of the berms, thus helping to restore the sediment 
regime and dissipate excess energy.  

A HEC-RAS hydraulic model was developed to model the 2-, 10-, 50-, 100-, and 500-year floods in the 
region of the Roaring Branch and Batten Kill confluence.  Cross-sections for the model were “cut” in GIS 
across a digital elevation model (DEM) created from LiDAR and topographic survey for the study area.  
Four scenarios were modeled—existing conditions, lower left berm removed, lower right berm removed, 
and both lower berms removed. 

Results were presented in various formats—inundation maps, water depth maps, water surface profiles, 
velocity distributions, and energy grade profiles.  All results point to one conclusion:  that the removal of 
both lower berms (or even just the left berm) along the Roaring Branch appears to have little to no 
negative effect on existing infrastructure in the floodplain, and that it likely will lessen the severity of 
flood inundation areas, water depths, and flow velocities.  These changes would result in increased 
dissipation of excess energy and sediment, thus helping to restore the confluence back to its historic 
alluvial fan state.  Consequently, in-channel energy and stream power of the Roaring Branch would 
decrease, reducing further incision of the reach and allowing the stream to re-establish its floodplain 
through aggradation and planform adjustments.  Furthermore, effects would extend to the Batten Kill, 
helping to alleviate further erosion of the mass failure opposite of the confluence and reducing the amount 
of sediment deposited upstream of bridge openings farther downstream. 

Physical removal of the berms appears to be relatively straightforward.  Probably the most complicating 
factor is the presence of heavy vegetation and full-grown trees on the berms, which would have to be 
removed and dealt with appropriately.  Once the berms have been cleared, they could be “removed” by 
grading them backwards with an excavator into the natural topography. 
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1.0 Introduction 
The purpose of this study was to conduct a hydraulic and geomorphic analysis at the confluence of the 
Batten Kill and Roaring Branch Rivers in Arlington, Vermont for the Batten Kill Watershed Alliance 
(BKWA) under a grant from the Vermont Department of Environmental Conservation (VT DEC).  More 
specifically, the study evaluated the changes in flood inundation area, water depth, and energy dissipation 
at the Roaring Branch/Batten Kill confluence resulting from the removal of berms along the lower reach 
of the Roaring Branch. 

The Batten Kill within the state of Vermont has a drainage area of approximately 200 square miles.  It 
flows through a broad valley, fed by the bedrock-controlled streams of the Taconic Mountains to the west 
and the more sediment-laden streams of the Green Mountains to the east.  Eventually, it empties into the 
Hudson River in the state of New York.   

The Roaring Branch is one of the Batten Kill’s high-
gradient tributaries originating from the western 
slopes of the Green Mountains.  Like the rest of the 
Green Mountain tributaries, the Roaring Branch has a 
high rate of sediment production and historically 
dissipated this sediment and excess energy in a broad 
alluvial fan at its confluence with the Batten Kill.  
However, in response to severe flooding in the 1930s 
and again in 1973, portions of the Roaring Branch 
were dredged and bermed, including the majority of 
the most downstream reach where it enters the Batten 
Kill.  These berms have confined floodwaters and 
increased stream power in the channel under larger 
flows, leading to further degradation and the inability 
to re-establish a new floodplain within the over-widened channel.  In addition to incision and other 
impacts on the Roaring Branch, the increased stream power has also contributed to a very large mass 
failure on the far bank of the Batten Kill at the confluence (pictured above).  

After the Roaring Branch became constrained by berms, its historic floodplain became more developed.  
Specifically, a campground known as Camping on the Batten Kill was developed in the river-left corridor 
near the confluence.  Also, several year-round and seasonal residences, as well as a restaurant, are located 
in the river-right corridor.  Although portions of the berms may be providing critical flood protection for 
these structures, other areas of the berms are experiencing deterioration, and have even been breached in 
spots by flood chutes.  It appears that the berms are being pressured by increased in-channel energy and 
are at risk of failing and potentially damaging property.   

The BKWA and the VT DEC, as well as several landowners in the project area, wanted to evaluate 
alternatives to alleviate some of the pressure on the structures and campground in the floodplain by 
removing a portion or a combination of the berms, thus helping to restore the sediment regime and 
dissipate excess energy.  This study compares alternatives through the use of a hydrologic analysis, 
hydraulic model, and inundation mapping. 
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2.0 Geomorphology 
2.1 Description of Study Area 
The area of interest for this study includes the lower portion of the Roaring Branch from the Route 7A 
Bridge downstream to the confluence with the Batten Kill.  The Batten Kill itself, from just upstream of 
the Roaring Branch to the Route 313 Bridge, was also included in the study area for the hydraulic model.   

Downstream of the Route 7A bridge, the Roaring Branch is confined by four major berms—two on the 
river left bank and two on the river right bank.  These are roughly broken into an upstream and 
downstream berm on each side.  Although this study originally proposed to investigate the effects of 
removing all four berms, field observations made it apparent that removal of one or both of the upstream 
berms would significantly increase the flooding experienced by structures in the floodplain.  Therefore, 
the study was revised to investigate only the effects of removing the two downstream berms. 

Sparse development is present in the floodplain on both sides of the Roaring Branch.  The campground 
property occupies most of the river-left corridor, although the only year-round structures are the 
campground office/residence and barn located at the very upstream end of the study area, just downstream 
of the Route 7A Bridge.  The rest of the campground is comprised of seasonal sites and small 
outbuildings.  In the river-right corridor, a restaurant and mobile home are located just downstream of the 
bridge, a seasonal camp is located in close proximity to the stream bank a little farther downstream, and a 
2-story home downstream from there is set further back in the floodplain. 

The floodplain is lightly wooded with both deciduous 
and coniferous trees.  Most of the berms are vegetated 
with saplings and even full-grown trees (as seen in the 
photo at left looking down the lower right berm).  A 
large sidebar occupies most of the river-left half of the 
channel beginning under the bridge and extending 
about 200 feet downstream.  Just beyond there, a 
significant mid-channel bar has been enlarging 
recently, according to local observations.  At the 
downstream end of the reach, the majority of the flow 
bends to the left to enter the Batten Kill, while a 
smaller side channel heads sharply off to the right and 
joins the Batten Kill about 200 feet upstream.  The 
downstream right berm follows this side channel for 

about half of its length.  Behind this berm is a low depression area, which has been partially filled with 
stumps and other debris.  Just across from the confluence, the Batten Kill’s right bank is undergoing 
severe erosion at a large mass failure site. 

2.2 Current Geomorphic Condition 
Both Phase 1 and Phase 2 stream geomorphic assessments have been completed for the Batten Kill 
mainstem and its major tributaries, including the Roaring Branch.  A corridor plan has also been 
developed.  All three studies recommended exploring the options of removing berms and restoring access 
to floodplains where feasible along the Green Mountain tributaries.  VT DEC protocols for stream 
geomorphic assessments categorize streams geomorphically as being in either reference, good, fair, or 
poor condition, based on a range of scores from zero to 1.0.  According to the Phase 2 results, the current 
geomorphic condition of the most downstream reach of the Roaring Branch (T2.01) is poor (0.275 out of 
1.0).  This reach has degraded from a historic C-type channel to an entrenched F-type channel.  The reach 
is currently undergoing Stage IV of the F-stage channel evolution process as it attempts to narrow and 
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establish a new floodplain through aggradation and the development of bar features.  However, the 
increased stream power in the channel due to the berms has prevented successful re-vegetation of these 
bar features and the completion of the channel evolution process. 

2.3 Topographic Survey 
Base topography for the hydraulic model was developed from LiDAR (Light Detection And Ranging) 
data, which is comprised of thousands of points each representing an elevation of the land surface.  For 
further detail in the study area of interest, the LiDAR data was supplemented by a topographic survey 
covering the channel and bank areas (particularly the berms) of the Roaring Branch.  The approximate 
footprint of each berm was also delineated using a backpack GPS unit. 

To create the digital elevation model (DEM) necessary for the hydraulic model, the LiDAR elevation 
points in the Roaring Branch’s channel and bank areas were replaced with those from the topographic 
survey.  The elevation points were then converted to a TIN (Triangulated Irregular Network) representing 
existing conditions.  To represent the removal of a berm, the elevation points defining the berm were 
overwritten with lower elevation points matching those in the floodplain behind them.  A new TIN was 
then created with these modified points and the original LiDAR and survey points for the rest of the 
model area.  In total, four TINs were created to represent each of the four scenarios (existing, lower left 
berm removed, lower right berm removed, and both lower berms removed). 

The TIN created for existing conditions is shown in Figure 2.1 on the following page.  The topographic 
survey area and berm locations are also delineated in this figure. 
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Figure 2-1:  Existing Conditions Elevation Model with Survey Area and Berm Footprints Delineated 
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3.0 Hydrology 
A hydrologic analysis was conducted to compute the flood flows necessary for the hydraulic model.  The 
2-, 10-, 50-, 100-, and 500-year flood flows were modeled, although only the 2- and 100-year floods were 
chosen for result presentation and analysis.  USGS Gage No. 01329000 on the Batten Kill near Arlington, 
located just downstream of the Roaring Branch confluence (drainage area = 152 mi2), was active from 
1928 to 1984.  The Flood Insurance Study (FIS) published by the Federal Emergency Management 
Agency (FEMA) for the town of Arlington in 1986 includes flood flows for the Batten Kill and Roaring 
Branch.  Flood estimates in the FIS were derived from the Arlington USGS gage using a Log-Pearson 
Type III flood frequency analysis.  The Log-Pearson Type III analysis can use a weighted skew, 
generalized skew, or station skew.  FEMA did not report the type of skew or the period of record used in 
their analysis.  For this study, the flood frequency analysis was re-computed for the Arlington gage using 
the weighted skew option and the full period of record. 

The results of the re-computed flood frequency analysis were adjusted to reflect flood flows on the Batten 
Kill at the downstream corporate limits (drainage area = 202.2 mi2) for comparison with the results 
published in the FIS.  (The adjustment factor was based on the ratio of drainage areas raised to the 0.7 
power, as reported in the FIS.)  The conservatively higher results of the re-computed flood frequency 
analysis were chosen for use in the hydraulic model. 

The results of the flood frequency analysis were then adjusted to reflect flood flows at the upstream extent 
of the hydraulic model on both the Batten Kill and the Roaring Branch.  These locations and their 
respective drainage areas, along with the estimated flows for the range of floods, are given in Table 3.1 
below.   

Table 3-1:  Estimated Flood Flows for Use in the Hydraulic Model 

Batten Kill
at USGS gage

Batten Kill
at upstream extent

of model

Roaring Branch
at upstream extent

of model
152 95.3 54.6

2 0.5 3225 2326 1575

10 0.1 5493 3962 2683

50 0.02 7980 5755 3897

100 0.01 9195 6632 4491

500 0.002 12450 8979 6080

Recurrence 
Interval

(yrs)

Annual 
Exceedance 
Probability

Estimated Flow (cfs)
(at location with drainage area given in square miles)
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4.0 Hydraulic Analysis 
4.1 Model Set-Up 
A steady-state hydraulic model was developed using HEC-RAS and the HEC-GeoRAS tools in GIS.  On 
the Roaring Branch, the model began just upstream of the Route 7A Bridge.  On the Batten Kill, the 
model extended from just upstream of the Roaring Branch confluence to just downstream of the Route 
313 Bridge.   

Roughness coefficients, or Manning’s ‘n’ values, defining the roughness of the channel and overbank 
areas were interpolated from those published in the FIS and revised as necessary based on observations 
during the site visit and the results of the pebble count performed during the Phase 2 assessment. 

Cross-sections were “cut” in GIS using HEC-GeoRAS tools.  The layout of cross-sections is shown in 
Figure 4.1 on the following page.  The cross-section cut lines for the Roaring Branch were curved 
backward through the floodplain to model the fan-like path of the floodwaters in what was historically an 
alluvial fan (cross-section cut lines should be perpendicular to the direction of flow in the overbank 
areas).     

4.2 Modeling Scenarios 
Originally, it was proposed to model the removal of all four berms along the lower reach of the Roaring 
Branch.  However, upon field inspection, it became apparent that removal of one or both of the upstream 
berms would significantly increase the flooding experienced by several houses and other buildings in the 
floodplain behind those berms.  Therefore, the study was revised to investigate only the effects of 
removing the two downstream berms, both individually and simultaneously.  The following four 
scenarios were modeled: 

1. Existing Conditions 
2. Downstream Left Berm Removed 
3. Downstream Right Berm Removed 
4. Both Downstream Berms Removed 

For the purposes of this report, the ‘left berm’ represents the downstream river left berm and the ‘right 
berm’ represents the downstream river right berm.  

Results of the existing conditions scenario were also compared to those published in the FIS as a quality 
assurance measure. 
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Figure 4-1:  Cross-Section Locations for Hydraulic Model 
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5.0 Results 
Before proceeding with the modeling of the three proposed alternatives, the results of the baseline 
scenario were compared to those of the published FIS.  Water surface elevations computed along both the 
Roaring Branch and the Batten Kill were similar to those of the earlier study.  Additionally, the 100-year 
water surface elevation computed at the Route 313 Bridge (608.6 feet) was within 0.2 feet of 100-year 
flood elevation for which the Route 313 Bridge was designed (608.8 feet). 

Basic results (i.e., inundation areas & water surface profiles) are presented for all four scenarios.  
However, given the similarity of the results among the three berm-removal scenarios, comparisons and 
discussions between berm removal and existing conditions were focused on the removal of both berms 
(Scenario 4).  Since the results for removal of the left berm only (Scenario 2) closely matched the results 
of removal of both berms, and because it may be more logistically feasible to remove just the left berm, 
comparison figures were provided for the left berm removal scenario as well.  When discussion focuses 
on removal of both berms, it can be assumed that removal of the left berm only would lead to similar 
results. 

Additionally, presentation of results was limited to the 2-year and 100-year flood profiles.  The 2-year 
flood is important because it usually approximates the channel-forming, bankfull flow, while the 100-year 
flood is important because it is the large-scale flood for which infrastructure (i.e. bridges) is usually 
designed for. 

Appendix A – Inundation Maps 

The water surface information computed by the HEC-RAS hydraulic analysis can be uploaded back into 
GIS and “inundated” on the original land surface layer (i.e., the TIN) to create an inundation area map.  
Inundation maps produced using HEC-GeoRAS tools are provided in Appendix A.  Each map compares 
two different flood inundation areas, with the bottom (typically larger) inundation area shown in red and 
the top (typically smaller) inundation area shown in yellow.  Regions where the two inundation areas 
overlap appear orange.  The first four maps (as listed below) compare the 2-year flood to the 100-year 
flood for each scenario for the entire modeled area (i.e., the Roaring Branch and the Batten Kill):   

• Figure A-1:  Model Area Inundation – Existing Conditions 
• Figure A-2:  Model Area Inundation – Left Berm Removed 
• Figure A-3:  Model Area Inundation – Right Berm Removed 
• Figure A-4:  Model Area Inundation – Both Berms Removed 
 

The next four maps compare the same two floods for each scenario, but are zoomed in to the area of 
interest on the Roaring Branch: 

• Figure A-5:  Study Area Inundation – Existing Conditions 
• Figure A-6:  Study Area Inundation – Left Berm Removed 
• Figure A-7:  Study Area Inundation – Right Berm Removed 
• Figure A-8:  Study Area Inundation – Both Berms Removed 

 
The final four maps compare existing conditions versus two different berm removal scenarios.  Figures A-
9 and A-10 compare removal of the left berm only (Scenario 2) to existing conditions for both the 2-year 
flood and the 100-year flood, respectively, while Figures A-11 and A-12 compare removal of both berms 
(Scenario 4) to existing conditions for both the 2-year flood and the 100-year flood, respectively: 
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• Figure A-9:   Study Area Inundation – Existing Conditions vs. Left Berm Removed (2-yr) 
• Figure A-10: Study Area Inundation – Existing Conditions vs. Left Berm Removed (100-yr) 
• Figure A-11: Study Area Inundation – Existing Conditions vs. Both Berms Removed (2-yr) 
• Figure A-12: Study Area Inundation – Existing Conditions vs. Both Berms Removed (100-yr) 

 
Inundation area along the Batten Kill remained essentially constant among the four scenarios.  For the 
most part, the Batten Kill is unconstrained and utilizes the majority of its floodplain, which primarily 
extends out several hundred feet to 1,000 feet in the river-left corridor.  Exceptions include short incised 
sections just upstream and downstream of the confluence, where flood flows are somewhat confined to 
about twice the channel width. 

The Roaring Branch also appears to utilize most of its floodplain, particularly in the river-left corridor.  
Much of the area, however, is inundated not directly outward from the channel, where flows are confined 
by berms, but instead by low velocity overland flow from upstream areas where berms are nonexistent, 
low, or have been breached.  The most significant difference among scenarios is the 100-year flood 
inundation area in the river-right corridor to the far right of the downstream berm.  Under existing 
conditions, this flood appears to extend approximately 500 feet beyond the extent of the 2-year flood area, 
while in the remaining three scenarios, the 100-year flood inundation area is essentially no larger than that 
of the 2-year flood.  Scenario 3 (right berm removed) appears to have a slightly broader 100-year flood in 
this region, but not nearly as broad as that experienced under existing conditions. 

Under existing conditions, the only structure that appears to be significantly affected by flood waters is 
the campground office/residence in the river-left corridor.  This structure experiences slight encroachment 
from the 2-year flood, and is almost entirely inundated by the 100-year flood.  The inundation area in the 
region of this structure, or any of the structures of interest for that matter, does not appear to change 
between any of the scenarios. 

Comparison of existing conditions to the berm removal berm removal scenarios (Figures A-9 through A-
12) shows that the 2-year flood area is virtually identical, with the exception of the narrow strips behind 
the removed berms that become inundated under the latter scenario.  Under the 100-year flood profile, 
this same difference is noted, while it also becomes apparent that the inundation area may significantly 
shrink upon removal of the left or both berms, specifically in the downstream right floodplain as 
described previously.   

Looking back at the full-scale inundation maps 
(Figures A-1 and A-4, in this case), it should also be 
noted that removal of both berms (or just the left 
berm) appears to relieve some flooding in the 
residential area further south of the campground 
entrance along Route 7A (pictured at right in a blow-
up of Figure A-10 depicting the 100-year flood).  
However, this region is beyond the extents of the 
study area for the Roaring Branch and may not reflect 
the most accurate results.  Although overland flows 
from the Roaring Branch would likely continue past 
its most downstream cross-section, the model was 
limited by the number of cross-sections that could be physically placed along the channel without 
intersecting at any point. 
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Appendix B – Water Depth Maps 

Although the area inundated by floodwaters in two scenarios may appear similar, the depth of those 
floodwaters could be significantly different.  To investigate this, water depth maps were developed 
depicting Roaring Branch study area for the scenarios of interest (existing conditions and both berms 
removed).  These maps are provided in Appendix B.   

The first two maps show water depths under existing conditions (Scenario 1) for the 2-year and 100-year 
floods, respectively: 

• Figure B-1:  Study Area Water Depth – Existing Conditions, 2-yr Flood 
• Figure B-2:  Study Area Water Depth – Existing Conditions, 100-yr Flood 
 

The second two maps show water depths with the left berm removed (Scenario 2) for the 2-year and 100-
year floods, respectively: 

• Figure B-3:   Study Area Water Depth – Left Berm Removed, 2-yr Flood 
• Figure B-4:   Study Area Water Depth – Left Berm Removed, 100-yr Flood 

 
The last two maps show water depths with both berms removed (Scenario 4) for the 2-year and 100-year 
floods, respectively: 

• Figure B-5:   Study Area Water Depth – Both Berms Removed, 2-yr Flood 
• Figure B-6:   Study Area Water Depth – Both Berms Removed, 100-yr Flood 

 
Looking at these maps, it can be seen that even where the flood inundation areas are similar between the 
existing conditions and berm removal (left or both), the depth of the flood is indeed lower in the berm 
removal scenarios, as indicated by the overall lighter appearance of the depth coverage.  This is 
particularly evident in the 100-year flood.     

Appendix C – Water Surface Profiles 

The decreased water surface noted with the water depth maps is further supported by the water surface 
profiles.  These graphs are longitudinal profiles depicting the river bottom (labeled as “ground” on the 
plots) at each station along the reach, topped by the corresponding 2-year and 100-year flood elevations, 
or water surface (labeled as “WS” on the plots).   

A profile for both the Roaring Branch and the Batten Kill are shown for each scenario in Figures C-1 
through C-8 of Appendix C: 

• Figure C-1:  Roaring Branch Water Surface Profile – Existing Conditions 
• Figure C-2:  Batten Kill Water Surface Profile – Existing Conditions 
• Figure C-3:  Roaring Branch Water Surface Profile – Left Berm Removed 
• Figure C-4:  Batten Kill Water Surface Profile – Left Berm Removed 
• Figure C-5:  Roaring Branch Water Surface Profile – Right Berm Removed 
• Figure C-6:  Batten Kill Water Surface Profile – Right Berm Removed 
• Figure C-7:  Roaring Branch Water Surface Profile – Both Berms Removed 
• Figure C-8:  Batten Kill Water Surface Profile – Both Berms Removed 
 

Note that the “jump” appearing near the upstream extent of the Batten Kill occurs at the transition 
between reach M05 upstream of the Roaring Branch and M04 downstream.   
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The last four figures compare water surface profiles on the Roaring Branch between existing conditions 
and the two berm removal scenarios (left only and both).  Figures C-9 and C-10 compare removal of the 
left berm only (Scenario 2) to existing conditions for both the 2-year flood and the 100-year flood, 
respectively, while figures C-11 and C-12 compare removal of both berms (Scenario 4) to existing 
conditions for both the 2-year flood and the 100-year flood, respectively: 

• Figure C-9:   Roaring Branch Water Surface Profile – Existing Conditions vs. Left Berm 
Removed (2-yr Flood) 

• Figure C-10: Roaring Branch Water Surface Profile – Existing Conditions vs. Left Berm 
Removed (100-yr Flood) 

• Figure C-11: Roaring Branch Water Surface Profile – Existing Conditions vs. Both Berms 
Removed (2-yr Flood) 

• Figure C-12: Roaring Branch Water Surface Profile – Existing Conditions vs. Both Berms 
Removed (100-yr Flood) 

 
Looking at the last four figures, it can be seen that the water surface profiles closely match for the upper 
half of the reach, then begin to separate toward the middle (as they near the downstream berms of 
interest) for all comparisons.  Under both floods, the water surface elevations are lower upon removal of 
the left or both berms—significantly so in the case of the 100-year flood.   

Appendix D – Velocity Distributions 

In addition to the extent and depth of the floodwaters, the velocity of the water moving through various 
regions of the cross-sections can be an important 
comparison tool.  Velocity distributions for the 
confluence region are presented in Appendix D.  This 
region was chosen to investigate whether removal of 
the berms might have an effect on the velocity with 
which flows from the Roaring Branch impact the bank 
opposite from the confluence on the Batten Kill, and 
consequently reduce the growth of the mass failure 
erosion site.  Specifically, the cross-section just above 
the confluence on the Roaring Branch and the cross-
section just below the confluence on the Batten Kill 
were plotted (see cross-section and mass failure 
locations in detail map at right). 

The first four figures (D-1 through D-4) represent existing conditions, the next four figures (D-5 through 
D-8 represent removal of the left berm only (Scenario 2), and the last four (D-9 through D-12) represent 
removal of both berms (Scenario 4).  Within each set, the first two figures show the velocity distribution 
for the Roaring Branch under both the 2-year and 100-year flood, while the second two figures show the 
same for the Batten Kill. 

• Figure D-1:  Velocity Distribution for Roaring Branch just Upstream of Confluence – Existing 
Conditions, 2-yr Flood 

• Figure D-2:  Velocity Distribution for Roaring Branch just Upstream of Confluence – Existing 
Conditions, 100-yr Flood 

• Figure D-3:  Velocity Distribution for Batten Kill just Downstream of Confluence – Existing 
Conditions, 2-yr Flood 

• Figure D-4:  Velocity Distribution for Batten Kill just Downstream of Confluence – Existing 
Conditions, 100-yr Flood 
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• Figure D-5:  Velocity Distribution for Roaring Branch just Upstream of Confluence – Left 
Berm Removed, 2-yr Flood 

• Figure D-6:  Velocity Distribution for Roaring Branch Upstream of Confluence – Left Berm 
Removed, 100-yr Flood 

• Figure D-7:  Velocity Distribution for Batten Kill just Downstream of Confluence – Left Berm 
Removed, 2-yr Flood 

• Figure D-8:  Velocity Distribution for Batten Kill just Downstream of Confluence – Left Berm 
Removed, 100-yr Flood 

• Figure D-9:  Velocity Distribution for Roaring Branch just Upstream of Confluence – Both 
Berms Removed, 2-yr Flood 

• Figure D-10:  Velocity Distribution for Roaring Branch Upstream of Confluence – Both Berms 
Removed, 100-yr Flood 

• Figure D-11:  Velocity Distribution for Batten Kill just Downstream of Confluence – Both 
Berms Removed, 2-yr Flood 

• Figure D-12:  Velocity Distribution for Batten Kill just Downstream of Confluence – Both 
Berms Removed, 100-yr Flood 

 
It should be noted that the same set of colors is used in each plot to represent a different range of 
velocities (i.e., dark blue does not necessarily represent the same velocity in all plots).  Refer to the legend 
of each plot for velocity values. 

Looking at the Roaring Branch, it can be seen that the velocity of flows in the channel and overbank areas 
reduced upon berm removal (left only or both) for both the 2-year and 100-year floods.  Upon removal of 
both berms, velocities within the channel reduced from 1.4 to 1.2 feet/second for the 2-year flood and 
from 4.0 to 3.5 feet/second for the 100-year flood.  Left and right overbank flow velocities were reduced 
by similar magnitudes as well. 

For the Batten Kill, the reduction in velocity is not as apparent, but there is evidence that the in-channel 
energy is reduced by removal of the left or both berms.  Looking at the removal of both berms, this 
evidence is present under both flows, but is most visible for the 100-year flood (Figures D-4 and D-12).  
Although the majority of the channel still flows at 5 feet/second in both scenarios, the “buffer zone” of 
lower-velocity flows along each side of the channel becomes wider—particularly on the right (where the 
flow is approximately 2 feet/second).  It should also be noted that flow velocities are significantly higher 
for the 2-year flood (20 feet/second) than for the 100-year flood (5 feet/second).  Although this may seem 
counterintuitive, it can easily be explained by the fact that the 2-year flood flows are completely 
contained within the channel, constrained on the right by a steep valley wall and on the left by a high area 
(probably a former floodplain recently abandoned due to incision caused by the increased stream power 
of the Roaring Branch), while the 100-year flood overtops that high area and gains over 1,000 feet of 
floodplain over which to dissipate the velocity of its flows. 

Appendix E – Energy Grade Profiles 

Energy grade is the sum of the pressure head, elevation head, and velocity head of a flow.  When plotted 
in a profile view, it is referred to as the energy grade line, or EGL.  This parameter can be useful in 
grasping changes in the energy of flood flows under the different scenarios due to a combination of 
factors. 

Appendix E contains figures comparing energy grade profiles on both the Roaring Branch and the Batten 
Kill between existing and berm removal scenarios (left only or both berms) for both the 2-year and 100-
year floods.  The first four figures compare existing conditions versus left berm removal.  Within that set, 
the first two figures show the Roaring Branch under both the 2-yr and 100-yr floods (Figures E-1 and E-2, 
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respectively), while the last two show the Batten Kill under the same two floods (Figures E-3 and E-4, 
respectively). 

• Figure E-1:  Roaring Branch Energy Grade Profile – Existing Conditions vs. Left Berm 
Removed (2-yr Flood) 

• Figure E-2:  Roaring Branch Energy Grade Profile – Existing Conditions vs. Left Berm 
Removed (100-yr Flood) 

• Figure E-3:  Batten Kill Energy Grade Profile – Existing Conditions vs. Left Berm Removed 
(2-yr Flood) 

• Figure E-4:  Batten Kill Energy Grade Profile – Existing Conditions vs. Left Berm Removed 
(100-yr Flood) 

 
The last four figures compare existing conditions versus removal of both berms.  Within that set, the first 
two figures show the Roaring Branch under both the 2-yr and 100-yr floods (Figures E-5 and E-6, 
respectively), while the last two show the Batten Kill under the same two floods (Figures E-7 and E-8, 
respectively). 

• Figure E-5:  Roaring Branch Energy Grade Profile – Existing Conditions vs. Both Berms 
Removed (2-yr Flood) 

• Figure E-6:  Roaring Branch Energy Grade Profile – Existing Conditions vs. Both Berms 
Removed (100-yr Flood) 

• Figure E-7:  Batten Kill Energy Grade Profile – Existing Conditions vs. Both Berms Removed 
(2-yr Flood) 

• Figure E-8:  Batten Kill Energy Grade Profile – Existing Conditions vs. Both Berms Removed 
(100-yr Flood) 

 
The trends in these figures are almost identical to those of the water surface profiles (Appendix C).  On 
the Roaring Branch, the energy grade profiles closely match for the upper half of the reach, then begin to 
separate toward the middle (as they near the lower berms).  Under both floods, the energy grade line is 
lower upon removal of the berms—significantly so in the case of the 100-year flood.  

Appendix F – Field Photographs 

Select field photographs taken during the January 2008 site visit and the May 2008 topographic survey 
are included in Appendix F.   
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6.0 Other Considerations 
6.1 Qualitative Description of Sediment Transport 
The velocity distribution plots discussed in the previous section are a good indicator that removal of both 
berms or just the left berm may help restore a more natural sediment transport regime as typically found 
in an alluvial fan setting.  Throughout the Roaring Branch channel and overbank areas, flow velocities are 
reduced by removing either the left or both berms.  The lower velocities of flows in this scenario would 
not be able to suspend and transport the same quantity or size of sediment particles as observed under 
existing conditions.  Less and smaller sediment being carried by lower-velocity flows will translate to 
reduced stream power and a decreased ability to erode the channel bed and banks.  This will help alleviate 
further degradation and incision of the reach, and allow the stream to effectively re-establish new 
floodplain at a lower elevation through aggradation and planform changes.  Furthermore, it will lessen the 
impacts of erosion and sediment accumulation farther downstream on the Batten Kill (i.e., the mass 
failure at the confluence and aggradation upstream of bridges). 

6.2 List of Permits Required 
Various individuals were contacted relative to the permits that would be required to remove the lower 
berms (left only or both).  The following is a summary of those discussions.   
 
For estimation purposes, it was assumed that both lower berms would be removed.  The total footprint 
area of the lower berms was grossly estimated to be 18,218 square feet, which is far less than one acre (1 
acre = 43,560 square feet).   The total volume of berm material was estimated, also very roughly, to be 
1,400 cubic yards.  (For consideration of removal of the left berm only, it could be assumed that the 
footprint of the left berm is approximately 11,600 ft2 and that the volume of the left berm is 
approximately 1,000 yd3.) 
 
US Army Corps of Engineers, 404 Permit – Based on discussions with the Essex, VT office of the Corps 
of Engineers, a 404 permit would only be required if any of the areas to be disturbed (access locations, 
spoil locations, etc.) are located in a wetland.  Assuming that all work could take place from the upland 
area, no wet areas would be disturbed and thus no 404 permit would be required.   

Vermont Agency of Natural Resources, Wetlands, Conditional Use Determination Permit – Based on 
discussions with Mic Metz (District Wetlands Ecologist, Rutland, VT), removal of the lower berms is 
considered a restoration project.  Therefore, according to Mic Metz, a Conditional Use Determination 
Permit would not be required.    

Vermont Agency of Natural Resources, 401 Water Quality Certificate – Based on discussions with Brian 
Fitzgerald with VANR, a 401 water quality certificate would only be necessary if a Corps of Engineers 
404 permit was required.  Since it appears that a 404 permit would not be required, a 401 water quality 
certificate would also not be required. 

Vermont Agency of Natural Resources, Stormwater Permit – Because the area of disturbance is less than 
one acre, a stormwater permit would not be required.  This has been confirmed by Matt Probasco with 
VANR (802-241-4581).   

Vermont Agency of Natural Resources, Stream Alteration Permit – Based on discussions with Patrick 
Ross (Stream Alteration Permit Engineer), a stream alternation permit would be required because the 
excavation volume is greater than 10 cubic yards.   
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Town Floodplain Permit – Based on discussions with Al Godreau of the Town of Arlington zoning 
department and it appears that a permit would be required under their Flood Hazard Areas Regulations, 
Section 7.12.6, which are being sent to us.  Upon receipt of these regulations, they will be included in 
Appendix G. 

6.3 Budgetary Estimate of Cost 
The following threshold questions regarding landowners must be addressed prior to conducting any work 
related to removal of the lower berms: 

• Do the landowners understand and accept the study findings that removal of the lower berms will 
not increase flooding of their lands, houses, and associated buildings? 

 
• If the landowners agree that removal of the berms is reasonable, will they: 

- Allow access to their lands to facilitate removal of the berms? 
- Allow tree cutting on their lands, if necessary, to provide for excavator access to the berms? 
- Allow tree cutting on and near the berms to facilitate physical removal of the berms?  
- Allow excavated material (berm material, stumps, etc) to be spoiled on-site (or will they 

require the material to be hauled off-site)? 
 
An order-of-magnitude cost estimate was developed assuming the landowners would grant permission to 
remove the lower berms.  The estimate, provided in Table 5.1 on the following page, includes the 
following tasks and assumptions.  Again, it was assumed that both lower berms would be removed.  The 
estimate would have to be adjusted for removal of the left berm only. 

Development of Design Plans – It is assumed that the design would be relatively straightforward; 
however, general plans showing work limits, disposal locations, erosion control measures, etc. would 
need to be developed.   

Permitting – Required permits are noted in Section 5.2 above. 

Mobilization/Demobilization – This includes the cost to haul equipment to and from the work site. 

Erosion Control Measures – Before any work is initiated, erosion control measures, including silt 
fencing, would be necessary to contain sediment in the work area. 

Access to Berms – It is assumed that the berms would be removed from the upland side, so no in-water 
work would be required.  To move the equipment to the work areas, some removal of trees may be 
necessary.   Again, because the lands on both sides of the river are privately owned, prior discussions with 
landowners regarding access are imperative.   

Tree Removal – As noted above, the berms have been in place for many years and trees of varying size 
(see photo inset) have established on top of and around the berms.   
Prior to excavating the lower berms, the trees should be removed.  
Again, because the lands are privately owned, discussions with the 
landowners regarding tree removal are necessary.  Also, assuming the 
landowners agree to tree removal, it would also be important to discuss 
whether the timber should be sold (if feasible) or retained by the 
landowners for their own use.  For the purposes of this cost estimate, it 
was assumed that the timber would be cut and stacked on site for 
homeowner use.  It was also assumed that branches and smaller material could be buried on-site. 
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Berm Excavation – It is assumed an excavator (such as the one pictured) would be the preferred 
equipment to with which to remove the berms.  It is also assumed that berm material would be sloped 

gently backward to match the existing upland grade.  Any larger material, such as 
stumps or large rocks, may need to be disposed of on-site in an agreed-upon 
location with the landowners.  If this assumption is incorrect, then the cost 
estimate would increase to account for the trucking/hauling and proper disposal of 
material.  It should also be noted that any material spoiled on-site would be 
located outside any wetlands jurisdiction.   

Replanting – The existing trees and vegetation on the berms provide some riparian habitat along lower 
Roaring Branch.  Removal of the berms will leave the area disturbed and it is recommended that some 
vegetation (i.e., trees) be replanted at the disturbed locations.   

Letter of Map Revision – Based on discussions with Rob Evans (VT Floodplain Management 
Coordinator), a Letter of Map Revision (LOMR) would not be required for this project.  However, FEMA 
would require submission of the HEC-RAS model and the report for their records.   
 

Table 6-1:  Order-of-Magnitude Estimate to Remove Lower Berms on the Roaring Branch 

Item Description Estimated
Cost

1 Development of Design Plans $5,000

2 Permitting $5,000

3 Mobilization/Demobilization $2,000

4 Erosion Control Measures $1,000

5 Tree Removal Along Berms, Clearing, and Grubbing $6,000

6 Excavator - Stockpile Trees, Remove Berms, and Redistribute Material On-Site
(assumes $200/hr for equipment & operator x 110 hrs) $22,000

7 Purchase and Replanting of Trees $5,000

$46,000
$9,200

$55,200

Sum of Tasks
20% Contingency

TOTAL ESTIMATE TO REMOVE BERMS (including contingency)  
 
ASSUMPTIONS: 
1. Assumes trees are stockpiled on site for landowner use.  Estimate does not include costs for hauling trees off-site 
or selling the timber.   
2. Assumes all berm material, including stumps, are spoiled on-site outside any wetlands area.  Estimate does not 
include costs for hauling the material off-site. 
3. Assumes work is conducted by a local contractor, thus reducing mobilization and demobilization costs.   
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7.0 Conclusion 
The results of the hydraulic and geomorphic analysis of the Roaring Branch and the Batten Kill, presented 
in many different formats, all point to one conclusion:  that the removal both downstream berms (or even 
just the left berm) along the Roaring Branch appears to have little or no negative effect on existing 
infrastructure in the floodplain, and that it likely will lessen the severity of flood inundation areas, water 
depths, and flow velocities.  These changes would result in increased dissipation of excess energy and 
sediment, thus helping to restore the confluence back to its historic alluvial fan state.  Consequently, in-
channel energy and stream power of the Roaring Branch would decrease, reducing further incision of the 
reach and allowing the stream to re-establish its floodplain through aggradation and planform 
adjustments.  Furthermore, effects would extend to the Batten Kill, helping to alleviate further erosion of 
the mass failure opposite of the confluence and reducing the amount of sediment deposited upstream of 
bridge openings farther downstream. 

Physical removal of the berms appears to be relatively straightforward.  Probably the most complicating 
factor is the presence of heavy vegetation and full-grown trees on the berms, which would have to be 
removed and dealt with appropriately as discussed above.  Once the berms have been cleared, they could 
be “removed” by grading them backwards with an excavator into the natural topography.  If too much 
material is present to grade it evenly onto the floodplain without filling in low or potentially wet areas, 
some or all of the material might need to be transported away from the site, which would increase costs. 
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Figure F-1:  Looking downstream from Route 7A Bridge. Large sidebar on left with upper left berm in background. 

 

 
Figure F-2:  Looking upstream from Route 7A Bridge towards railroad bridge. 
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Figure F-3:  Under Route 7A Bridge looking toward channel center from left sidebar.   

 

 
Figure F-4:  Under Route 7A Bridge from left sidebar looking toward upper left berm. 
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Figure F-5:  From left bank looking across upper left berm toward campground office/residence. 

 

 
Figure F-6:  From left bank looking across channel to seasonal camp on opposite bank behind upper right berm. 
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Figure F-7:  Looking down upper left berm.  Island in background. 

 

 
Figure F-8:  Looking upstream from upper left berm toward Route 7A Bridge. 
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Figure F-9:  Campground sites behind upper left berm. 

 

 
Figure F-10:  Looking downstream in the river-left floodplain behind the upper left berm.  Note campsites in background. 
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Figure F-11:  Typical berm texture (upper left berm looking downstream). 

 

 
Figure F-12:  Saplings and trees on upper left berm (looking downstream). 
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Figure F-13:  Confluence with the Batten Kill with mass failure site on opposite bank. 

 

 
Figure F-14:  Close-up of mass failure site. 
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Figure F-15:  Looking up the Batten Kill (left) and Roaring Branch (right) from the confluence. 

 

 
Figure F-16:  Looking up the Roaring Branch and left overbank area from the river-left bank at the confluence. 
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Figure F-17:  Two-story home in the river right corridor viewed from the left bank. 

 

 
Figure F-18:  Restaurant (foreground) and mobile home (background) behind the upper right berm (looking 

downstream). 



Batten Kill Restoration Study F-10 Gomez and Sullivan Engineers, PC 
Draft Report  November 2008 

 
Figure F-19:  Lower left berm viewed from right bank. 

 

 
Figure F-20:  Lower right berm viewed from right floodplain behind it looking upstream (note debris piled in low area). 
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Figure F-21:  Looking upstream along river-right bank from lower end of island. Note Route 7A Bridge in background. 

 

 
Figure F-22:  Looking downstream from lower end of island. 



Batten Kill Restoration Study F-12 Gomez and Sullivan Engineers, PC 
Draft Report  November 2008 

 
Figure F-23:  Downstream end of lower left berm.  Note erosion. 

 

 
Figure F-24:  Close-up of downstream end of lower left berm and erosion site. 
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Figure F-25:  Looking downstream toward confluence and mass-failure site on opposite bank. 

 

 
Figure F-26:  Close-up of mass-failure site. 
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Figure F-27:  Point where side channel enters the Batten Kill upstream of the main confluence.  Looking down the side 

channel toward the Batten Kill. 
 

 
Figure F-28:  Looking down the Batten Kill from the side channel exit point toward the main confluence (at sediment 

deposit). 
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Figure E-1:  Roaring Branch Energy Grade Profile – Existing Conditions vs. Both Berms Removed (2-yr Flood) 

Note: Dashed line represents existing conditions (Scenario 1); dashed line with triangles represents both berms removed (Scenario 4). 
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Figure E-2:  Roaring Branch Energy Grade Profile – Existing Conditions vs. Both Berms Removed (100-yr Flood) 

Note: Dashed line represents existing conditions (Scenario 1); dashed line with triangles represents both berms removed (Scenario 4). 

 

 



 

 

 

 

 

 

 

 

 

 

APPENDIX D 

Velocity Distributions 



 



Batten Kill Restoration Study D-1 Gomez and Sullivan Engineers, PC 
Draft Report  November 2008 

1500 2000
622

624

626

628

630

632

Batten Kil l       Plan: Plan 1 - Existing Conditions    11/24/2008 
River = Roaring Branch   Reach = T2.02      RS = 170.6250  

Station (ft)

E
le

va
tio

n 
(ft

)

Legend

WS 2-yr

0.2 ft/s

0.4 ft/s

0.6 ft/s

0.8 ft/s

1.0 ft/s

1.2 ft/s

1.4 ft/s

Ground

Ineff

Bank Sta

.1 .043 .1

 
Figure D-1:  Velocity Distribution for Roaring Branch just upstream of Confluence – Existing Conditions, 2-yr Flood 
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Figure D-2:  Velocity Distribution for Roaring Branch just upstream of Confluence – Existing Conditions, 100-yr Flood 
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Figure D-3:  Velocity Distribution for Batten Kill just downstream of Confluence – Existing Conditions, 2-yr Flood 

Note: The dark green color in the left overbank is actually a hatching representing an ineffective flow area (i.e., very low velocity). 
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Figure D-4:  Velocity Distribution for Batten Kill just downstream of Confluence – Existing Conditions, 100-yr Flood 
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Figure D-5:  Velocity Distribution for Roaring Branch just upstream of Confluence – Both Berms Removed, 2-yr Flood 
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Figure D-6: Velocity Distribution for Roaring Branch just upstream of Confluence – Both Berms Removed, 100-yr Flood 
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Figure D-7:  Velocity Distribution for Batten Kill just downstream of Confluence – Both Berms Removed, 2-yr Flood 
Note: The dark green color in the left overbank is actually a hatching representing an ineffective flow area (i.e., very low velocity). 
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Figure D-8:  Velocity Distribution for Batten Kill just downstream of Confluence – Both Berms Removed, 100-yr Flood 

 



 

 

 

 

 

 

 

 

 

 

APPENDIX C 
Water Surface Profiles 
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Figure C-1:  Roaring Branch Water Surface Profile – Existing Conditions 
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Figure C-2:  Batten Kill Water Surface Profile – Existing Conditions 
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Figure C-3:  Roaring Branch Water Surface Profile – Left Berm Removed 
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Figure C-4:  Batten Kill Water Surface Profile – Left Berm Removed 
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Figure C-5:  Roaring Branch Water Surface Profile – Right Berm Removed 
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Figure C-6:  Batten Kill Water Surface Profile – Right Berm Removed 
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Figure C-7:  Roaring Branch Water Surface Profile – Both Berms Removed 
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Figure C-8:  Batten Kill Water Surface Profile – Both Berms Removed 
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Figure C-9:  Roaring Branch Water Surface Profile – Existing Conditions vs. Both Berms Removed (2-yr Flood) 

Note: Filled area represents both berms removed (Scenario 4); top line with triangles represents existing conditions (Scenario 1). 
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Figure C-10:  Roaring Branch Water Surface Profile – Existing Conditions vs. Both Berms Removed (100-yr Flood) 
Note: Filled area represents both berms removed (Scenario 4); top line with triangles represents existing conditions (Scenario 1). 

 

 



 

 

 

 

 

 

 

 

 

 

APPENDIX B 
Water Depth Maps 
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Figure B-1:  Study Area Water Depth – Existing Conditions, 2-yr Flood 
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Figure B-2:  Study Area Water Depth – Existing Conditions, 100-yr Flood 
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Figure B-3:  Study Area Water Depth – Both Berms Removed, 2-yr Flood 
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Figure B-4:  Study Area Water Depth – Both Berms Removed, 100-yr Flood 

 



 

 

 

 

 

 

 

 

 

 

 

APPENDIX A 
Inundation Maps 
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Figure A-1:  Model Area Inundation – Existing Conditions 

Note:  The 2-yr flood appears orange where it overlaps the 100-yr flood.
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Figure A-2:  Model Area Inundation – Left Berm Removed 

Note:  The 2-yr flood appears orange where it overlaps the 100-yr flood.
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Figure A-3:  Model Area Inundation – Right Berm Removed 

Note:  The 2-yr flood appears orange where it overlaps the 100-yr flood.



Batten Kill Restoration Study A-4 Gomez and Sullivan Engineers, PC 
Draft Report  November 2008 

 
Figure A-4:  Model Area Inundation – Both Berms Removed 

Note:  The 2-yr flood appears orange where it overlaps the 100-yr flood.
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Figure A-5:  Study Area Inundation – Existing Conditions 

Note:  The 2-yr flood appears orange where it overlaps the 100-yr flood.
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Figure A-6:  Study Area Inundation – Left Berm Removed 

Note:  The 2-yr flood appears orange where it overlaps the 100-yr flood.
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Figure A-7:  Study Area Inundation – Right Berm Removed 

Note:  The 2-yr flood appears orange where it overlaps the 100-yr flood.
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Figure A-8:  Study Area Inundation – Both Berms Removed 

Note:  The 2-yr flood appears orange where it overlaps the 100-yr flood.
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Figure A-9:  Study Area Inundation – Existing Conditions vs. Both Berms Removed (2-yr Flood) 

Note:  The berms-removed flood appears orange where it overlaps the existing conditions flood. 
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Figure A-10:  Study Area Inundation – Existing Conditions vs. Both Berms Removed (100-yr Flood) 

Note:  The berms-removed flood appears orange where it overlaps the existing conditions flood. 



 

 

 

 

 

 

 

 

 

 

APPENDIX H 
FEMA Application Forms & Instructions 

for Letter of Map Revision 














































































































