
   

 
 

Leach Stream Phase 1 Geomorphic Assessment 

 
 

Prepared By: 

Jayson Benoit, Meghann Carter and 

Matthew Goclowski 

 

For  

Essex County Natural Resources Conservation District 

 

September 2013 

 
NorthWoods Stewardship Center 

Ten Mile Square Road / P.O. Box 220 

East Charleston, VT 05833 

(802) 723-6551 

www.northwoodscenter.org





 i   

Acknowledgements 

 

This project was made possible through funding provided by the Ecosystem Restoration Fund to 

the Essex County Natural Resources Conservation District, for Stream Geomorphic Assessments 

(SGA) of several tributaries in the upper Connecticut River watershed. The NorthWoods 

Stewardship Center was contracted by the Essex County NRCD to complete the Leach Stream 

Phase I portion of the project.  We greatly appreciate the support (and patience) extended by 

District Manager Sarah Damsell, as well as the former District Manager Tamara Colten Stevens, 

for all aspects of the project.  Valuable technical assistance was provided by Staci Pomeroy, 

River Resource Scientist with the Vermont Department of Environmental Conservation.  

Brandon Carpenter, Conservation Planner with the Vermont Association of Conservation 

Districts, provided very helpful support in locating and scanning historic aerial photography of 

Leach Stream.  The assistance of all of these individuals and organizations is greatly appreciated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 ii    

Table of Contents 

 

 

Acknowledgments          i 

Table of Contents          ii  

List of Tables and Figures         iii  

Summary           1 

Study Area            2 

Methods            3 

Results and Discussion               4 

 Reference Stream Types (Step 2)        5 

 Basin Characteristics (Step 3)         6 

 Land Cover and Reach Hydrology (Step 4)       8 

 Channel Modifications (Step 5)       11 

 Floodplain Modifications and Planform Changes (Step 6)    13 

 Windshield Survey (Step 7)        17 

Stream and Watershed Impact Ratings (Step 8)     17 

Adjustment Processes and Reach Conditions (Step 9)    19 

Recommendations          23 

References           25 

Glossary           26 

Appendix A.  Phase 1 Project Metadata       28 

Appendix B.  Rosgen Stream Classifications and Descriptions of  

Channel Bed Forms        29 

 

 

 

 



 iii    

List of Tables and Figures 

 

 

List of Tables 
 

Table 1.  Valley and channel characteristics of Phase 1 reaches    5 

Table 2.  Summary of land uses in the Leach Stream Watershed    9 

Table 3.  Reach total impact scores, conditions, and sensitivities   18 

Table 4.  Channel adjustment scores for Phase 1 reaches    20 

Table 5.  Reaches recommended for Phase 2 Assessment    23 

 

 

List of Figures 
 

Figure 1. Location of the Leach Stream Watershed       2 

Figure 2. Map of reach locations along Leach Stream and its major VT tributaries   4 

Figure 3. Photo: Natural grade control as viewed from Jackson Lodge Rd Bridge   6 

Figure 4. Map of bedrock and surficial geology in the Leach Stream Watershed    7 

Figure 5. Map of land use and cover types in the Leach Stream Watershed    9 

Figure 6. Map of dominant buffer widths along Phase 1 reaches   10 

Figure 7. Photo: Perched and undersized culverts in the watershed   11 

Figure 8. Map of bridge and culvert locations in the Leach Stream watershed 12 

Figure 9. Photo: Bank armoring on reach M02     12 

Figure 10. Map of bank armoring and straightening along Phase 1 reaches  13 

Figure 11. Map of encroachments and development along Phase 1 reaches  14 

Figure 12. Photo: Mid channel bar below route 114 bridge (reach M02)  15 

Figure 13. Map of depositional features and channel migration- reach M02 15 

Figure 14. Map of total impact ratings for Phase 1 reaches    19 

Figure 15. Map showing geomorphic conditions of Phase 1 reaches  21 

 

 

 

 

 

 

 



 iv   

 

 

 

 

 

 



 1   

Summary 

Leach Stream is a small 14.5 mile long tributary of the Connecticut River, located in that riverôs 

headwaters region; with a watershed that straddles the international border between Canadaôs 

Province of Quebec and the state of Vermont.  The watershed occupies a remote area largely 

dominated by mixed conifer/hardwood forest, though agricultural fields and development associated 

with the village of Canaan are prevalent along Leach Streamôs lower reaches.  This northeast corner 

of Vermont is renowned for its outdoor recreational resources; attracting summer vacationers, 

hunters, fisherman, and sightseers hoping to glimpse moose or other wildlife .  As a headwater 

tributary, Leach Stream also influences the water quality of the Connecticut River - New Englandôs 

longest river and provider of many benefits to the people and natural communities of the four states 

that it crosses.  

 

In December 2009, the NorthWoods Stewardship Center was contracted by the Essex County Natural 

Resources Conservation District to perform a preliminary assessment of Leach Stream to determine 

whether a full geomorphic assessment would be necessary. In December 2012, NorthWoods was 

recontracted to do the complete Phase 1 Stream Geomorphic Assessments of the portions of Leach 

Stream and its major tributaries lying within Essex County, Vermont.  The broad goals of this 

assessment were to evaluate the ability of these waterways to adjust in response to changes in flow 

and sediment supply and to understand how humans have impacted their in-stream and riparian 

habitats.  A specific goal was to provide recommendations of reaches where Phase 2 assessments 

should be conducted, ultimately leading to the most effective use of resources for future restoration 

efforts and to intact stream habitats and functions throughout the watershed.    

 

Results of the Phase I assessment indicate that most streams in the Leach Stream Watershed are 

already healthy, naturally functioning systems.  The relative health of these streams is mainly due to 

the abundance of natural land cover, which covers approximately 93% of the total watershed area.  

However, Phase 1 assessments also identified a number of degraded reaches that have been 

negatively impacted by human activities - primarily in the lower portion of the watershed near the 

confluence with the Connecticut River, where pressures from agricultural land use and residential 

development are greatest. Urban and residential development, which increases runoff and reduces a 

streamôs ability to filter out excess sediments and nutrients, occurs along approximately 1 river-mile 

of the assessed reaches.  About 8% of the assessed reaches are suffering from reduced floodplain 

access due to road and berm encroachments.  Approximately 50% of assessed reaches have reduced 

bank stability and increased sediment loads due to inadequate dominant buffer widths of <25 feet 

along one or both banks.  Channel straightening, which can lead to increased stream power and 

sediment transport was found along 3.7 river-miles, or about 15.5% of the total length of assessed 

reaches.  

 

Based on these results, we were able to identify 7 reaches that are in fair or poor geomorphic 

condition and should be prioritized for future Phase 2 field assessments - to determine the feasibility 

of implementing restoration activities.  We also identified 8 reference condition reaches that were in 

natural or near-natural states.  Maintaining these reaches in a healthy, natural condition and 

implementing restoration projects on the other, degraded reaches will be essential to improving water 

quality in the Leach Stream Watershed. 
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Study Area 

 

Watershed Description 

 

The Leach Stream sub watershed lies within the Connecticut River watershed and is located in 

northern Vermont and southern Quebec (Figure 1).  Leach Stream drains a total area of 

approximately 60 square miles, with 17 square miles of its watershed located in the United States 

and 43 square miles located in Canada.  Leach Stream originates in a small wetland in the town 

of Averill, VT, approximately 0.5 miles east of Dale Potter Road.  From this wetland, the river 

flows northwest for approximately 2.2 miles before entering Forest Lake (63 acres).  After 

exiting the lake, the river continues northeast for about 4 miles to Wallace Pond (532 acres).  

From Wallace Pond, the river flows east along the Canadian border for about 0.9 miles before 

turning north into Canada, where it remains for approximately 4 miles.  After reentering 

Vermont, the river meanders south for approximately 3 miles before reaching its confluence with 

the Connecticut River.  Leach Stream is fed by Morrill Brook, Black Brook, and several small 

unnamed tributaries in Vermont. 

 

 

       

Figure 1. Location of the Leach Stream Watershed. 

 

Wallace Pond 

Forest Lake 

Canaan, VT 
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Methods 

 

The Stream Geomorphic Assessment was completed using protocols established by the Vermont 

Agency of Natural Resources (State of Vermont 2007). The Phase 1 assessment is a preliminary 

evaluation of selected reaches and sub-watersheds that employs three sources of information; 

remote sensing, other existing survey datasets, and brief ñwindshieldò field surveys. Most of the 

Phase 1 Assessment was completed using the following data layers (additional details about the 

data collected and their sources are in Appendix A): 

 

1:24,000 USGS topographic maps (1988) 

1:62,500 USGS topographic maps (1928, 1953)  

1:5,000 Aerial orthophotographs (1944, 1955, 1960, 1962, 1964, 1999, 2003, 2008)  

1:5,000 Vermont Hydrography Data Set 

Land use ï land cover maps (1990s) 

Vermont Significant Wetland Inventory maps (2006) 

National Wetlands Inventory maps (1975-1978) 

 

Significant streams (generally >0.25 miles in length) within the Leach Stream 

Watershed represented in the Vermont Hydrography Data Set (VHD) were divided into 

individual reaches and sub-watersheds. The Stream Geomorphic Assessment Tool 

(SGAT), a GIS extension developed by the Vermont ANR, was then used to 

automatically associate all existing survey data with each individual sub-watershed. The 

data associated with each reach and sub-watershed included the following: 

 

Reach number and length   Sub-watershed area 

Valley length and width   Sub-watershed land cover / land use 

Stream corridor land cover / land use  Channel slope and valley slope 

Predicted channel width 

 

Through the examination of new and old topographic maps and aerial photographs, as well as 

field visits, the following features were evaluated: 

 

Stream type / stream bed material  Presence of alluvial fans 

Valley side slopes    Ground water inputs 

Stream migration    Depositional features 

Meander belt width and wavelength  Grade controls 

 

In addition, data were collected describing anthropogenic modifications to the streams and their 

corridors: 

  

 Land use / land cover    Historic land use / land cover 

 Channel straightening    Riparian buffer width 

 Bridges and culverts    Floodplain encroachments 

 Dredging / gravel mining history  Development 
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All data were entered into a Microsoft Excel spreadsheet modeled after the Vermont ANR Data 

Management System (DMS) database. Similar to the DMS, the spreadsheet was used to integrate 

all of the data and assign impact ratings to each reach based on the degree of channel and 

floodplain modifications, and the degree to which the streams appeared to be responding to these 

modifications. These ratings were summed to calculate the overall reach condition rating, 

predicted adjustment scores, and reach sensitivities. 

 

Results and Discussion 

 

Leach Stream and its tributaries were divided into 31 reaches located within Essex County, 

Vermont.  Each reach represents a section of river or stream with physical attributes that 

distinguish it from reaches immediately upstream and downstream. These attributes include 

valley width, valley slope, channel width, and channel sinuosity.  Phase 1 assessments were 

conducted on 19 of these reaches, shown in Figure 2.  The remaining reaches were not included 

in Phase 1 assessments because they were impounded or were low order streams located in 

forested areas that appeared to receive minimal human impact. 

 

 

Figure 2: Map of reach locations along Leach Stream and its major tributaries in Vermont. 
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Reference Stream Types (Step 2) 

 

Using topographic maps and windshield surveys, data were collected to describe the valley 

setting and slope for each assessed reach (Table 1).  
 

Table 1. Valley and channel characteristics of Phase 1 assessed reaches on Leach Stream and its major tributaries. 

           

Reach 

Channel 

Width 

(ft)  

Channel 

Slope 

(%)  

Sinuosity Valley Type 

Reference 

Stream 

Type* 

Bedform 
Streambed 

Substrate 

M01 46.5 0.08 1.08 Broad C Riffle-Pool Gravel 

M02 46.3 0.06 1.68 Very Broad E Riffle-Pool Gravel 

M03 42.5 0.00 1.00 Broad C Riffle-Pool Gravel 

M05 40.2 2.15 1.05 
Narrowly 

Confined 
B Riffle-Pool Cobble 

M07 37.5 0.38 1.15 Broad C Riffle-Pool Gravel 

M08 28.8 2.40 1.08 
Narrowly 

Confined 
B Plane Bed Cobble 

M09 28.1 1.54 1.29 
Narrowly 

Confined 
C Riffle-Pool Gravel 

M09S1.01 11.1 1.89 1.14 Very Broad B Plane Bed Cobble 

M09S1.02 7.5 4.2 1.05 
Semi-

confined 
A Step-Pool Cobble 

M10 26.7 2.61 1.14 Broad B Plane Bed Cobble 

M10S1.01 16.6 0.07 1.23 Very Broad E Dune-Ripple Silt 

M10S1.02 10.1 2.14 1.09 
Semi-

confined 
B Plane Bed Gravel 

M11 18.2 0.95 1.07 Broad C Riffle-Pool Gravel 

M13 11.7 5.48 1.07 
Narrowly 

Confined 
A Step-Pool Cobble 

M14 10.0 1.96 1.17 Very Broad C Plane Bed Sand 

T1.01 17.0 1.48 1.23 Very Broad C Riffle-Pool Gravel 

T1.02 12.6 5.22 1.15 
Narrowly 

Confined 
A Step-Pool Cobble 

T2.01 26.1 0.91 1.23 Broad E Riffle-Pool Gravel 

T2.02 13.8 5.17 1.07 
Narrowly 

Confined 
A Step-Pool Cobble 
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* See Appendix B for stream type descriptions    

 

Stream types were assigned based on the Rosgen stream classification system (Appendix B), 

where variables such as channel slope, valley slope, valley width, and sinuosity were evaluated, 

as these variables determine the type of stream found in a given location. Each reach was 

assigned a letter classification ranging from A through G.  Approximately 53% of the Phase 1 

assessed reaches in the Leach Stream watershed are C and E stream types, which are 

characterized by broad valleys with well developed floodplains and gentle slopes (<2%).  The 

second most abundant stream type among Phase 1 reaches is the B stream type, which is 

exhibited by approximately 26% of the reaches.  These reaches generally have lower sinuosity 

and are located in narrower valleys with slightly steeper slopes (2-4%) than C and E stream 

types. The remaining 21% of the assessed reaches are A-type streams, with extremely narrow 

(<2 times the channel width) or confined  

valleys and very steep slopes (>4%).  

 

 

Basin Characteristics (Step 3) 

 

Alluvial Fans (Step 3.1) 

 

Alluvial fans are fan shaped sediment deposits that occur at sudden changes in valley slope 

where steep confined streams enter wide, flat valleys.  No alluvial fans were found during Phase 

1 assessments of the Leach Stream watershed. 

 

Grade Controls (Step 3.2) 

 

Grade controls are features that span the width of a 

stream channel and maintain the elevation of the 

channel at a given height.  Both natural grade 

controls (e.g. rock ledges) and manmade grade 

controls such as dams and weirs can impact fluvial 

geomorphology by altering stream velocity and/or 

sediment load. These changes can affect both 

stream depositional patterns and in-stream and 

riparian habitat quality.  One natural grade control 

was observed among the Phase 1 assessed reaches, 

on reach M05.  This natural grade control was a 

rock ledge located approximately 25 feet 

downstream of Jackson Lodge Road.  This location 

was visited during windshield surveys and no 

adverse impacts from the grade control were observed (Figure 3).  Additionally, the aerial photos 

indicated that there may have been a dam, also on M05.  The aerial photos suggest that this dam 

Figure 3.  Natural grade control- as viewed from 

Jackson Lodge Road Bridge.  
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impounds a very short section of river - approximately 400 feet long - and is inaccessible from 

the road. As a result, it was not assessed during the windshield survey.  Aerial photography 

indicates that some sediment deposition has occurred upstream of this dam.  A second dam is 

located at the Wallace Pond outlet, just over the international border in Canada.  This dam was 

also not accessible for a windshield survey and is difficult to assess using recent aerial 

photography, due to tree canopy cover. 

 

Geologic Materials (Step 3.3) 

 

The geologic materials that comprise the substrate within a watershed can strongly influence 

many above-ground characteristics, from forest tree species to water chemistry to stream type.  

These materials fall into two general categories: bedrock and surficial (glacial or post glacial) 

deposits.  

 

Two distinct types of bedrock dominate the Leach Stream watershed.  Metasedimentary rocks 

known collectively as the Gile Mountain Formation underlie the eastern two thirds of the area.  

These rocks weather relatively easily into fine sediments containing 15-45% carbonate minerals, 

including calcium and magnesium, which help to buffer acids in soil or water and which more 

readily support nutrient-demanding deciduous tree species such as sugar maple, white ash, and 

basswood.  The western third of the watershed overlies granite-family bedrock of the New 

Figure 4. Map of bedrock and surficial geology in the Leach Stream Watershed. 
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Hampshire Series pluton.  These rocks contain large amounts of quartz, which resists weathering, 

and they tend to produce somewhat acidic coarse textured soils that support higher proportions of 

conifers such as red spruce and balsam fir.   

 

Overlying the bedrock are materials that originated either during the most recent glacial retreat 

(approximately 13,000 years ago) or from subsequent deposition of water-borne sediments.  

Glacial till and swamp/peat/muck parent materials are relatively well distributed throughout the 

Vermont portion of the Leach Stream watershed, covering approximately 87.7% and 5.2% of the 

total area, respectively (Figure 4).  Reaches flowing through areas dominated by till deposits tend 

to be A and B type streams, while reaches flowing through areas with swamp, peat, or muck 

deposits tend to be C type streams.  Pebbly sand and alluvium deposits are confined to the 

eastern edge of the watershed near the confluence with the Connecticut River, covering 

approximately 3.4% and 1.3% of the total area, respectively (Figure 4).  Reaches flowing 

through areas with these deposit types exhibit C and E stream types.  Isolated kame deposits, 

lake sand, and bedrock exposure each cover less than 1% of the total Leach Stream watershed 

area in Vermont and are relatively minor influences.  

   

 

Land Cover and Reach Hydrology (Step 4) 

 

Land Use and Land Cover Types (Steps 4.1 and 4.2) 

 

Natural land cover types such as forests and wetlands play important roles in watersheds by 

storing and filtering run-off, trapping sediment, reducing peak flood levels, and maintaining base 

flows during summer. The loss of these natural land cover types can affect watersheds in several 

ways. Deforestation and urban and agricultural development increase rainwater and snowmelt 

runoff by decreasing the amount of natural vegetation available to filter water and sediment. 

Urban lands also contain impervious surfaces which quickly shed stormwater into adjacent 

drainages, rather than allowing the water to percolate gradually through the soil. The result is 

higher peak flood levels as well as high nutrient and sediment inputs. Consistently high 

stormwater runoff can cause a channel to enlarge, erode, and incise to accommodate high flows. 

Additionally, agricultural practices that rely on tilling increase the amount of bare soil - which is 

susceptible to eroding during precipitation events or during the annual spring melt.   

 

The Leach Stream Watershed contains 93.33% natural land cover (Table 2; Figure 5).  This 

category includes the land areas that are forested, those transitioning to forest, wetlands, and 

surface waters.  Forested land is the most prevalent land cover type in the watershed, covering 

nearly 84% of the total area, followed by wetlands at 6.41%.  Urban areas, which include 

transportation, communication, and utility infrastructure, as well as residential, urban, and 

commercial lands, occupy a small proportion of the watershed at 3.65% of the total area.  

Approximately 88% of this urban land cover is comprised of transportation and utilities 

infrastructure, which is somewhat concentrated around the village of Canaan, but is generally 

well distributed throughout the watershed.  Residential lands occupy only about 0.41% of the 
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total land cover, and are concentrated near the lower reaches of Leach Stream.  Agricultural land 

occupies approximately 3% of the total watershed, a relatively low proportion when compared to 

the statewide average of 20.9% (USDA 2007).  Similar to residential areas, the majority of 

agricultural lands are concentrated near the lower reaches of Leach Stream, with other small 

patches located near Wallace Pond.  Overall, the Leach Stream watershed in Vermont is 

relatively free of human development, allowing it to retain a mostly natural hydrologic regime. 

 
Table 2. Summary of Land Uses in the Leach Stream Watershed 

Land Use Percentage of Watershed 

Deciduous forest 27.36% 

Forested or 

brush: 83.94% 

Mixed deciduous-coniferous forest 35.09% 

Coniferous forest  21.49% 

Brush or transitional between open and forested 0.01% 

Forested wetland 6.09% Wetland: 

6.41% Non-forested wetland 0.32% 

Hay/rotation/permanent pasture 0.33% 
Agriculture: 

3.02% 
Row crops (not including orchards and berries) 2.68% 

Other agricultural land <0.01% 

Transportation, communication, and utilities 3.22% 

Urban: 3.65% 

Residential 0.41% 

Industrial <0.01% 

Commercial, services, and institutional <0.01% 

Outdoor and other urban and built-up land <0.01% 

Water 2.98% Other: 2.98% 

Figure 5. Land Use and Cover Types in the Leach Stream Watershed.  

 


