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Sawmill River Restoration      
Final Report 

Introduction
Along the Sawmill River, stream boundary adjustments are occurring in terms of 
channel deepening, widening, lateral migration, and changes in the longitudinal 
streambed profile.  These adjustments are part of an evolutionary process that will 
continue until a new dynamic equilibrium or stable condition is reached that is 
consistent with the current hydrologic and sediment regimes. Areas of excessive 
sediment deposition, particularly around bridges, are reducing hydraulic capacity 
and causing more frequent flooding in upstream areas.  Bank erosion and 
aggradation are affecting the ability of the streambed to provide optimal Atlantic 
salmon spawning habitat. Areas that lack an adequate riparian buffer, either from 
aggressive mowing or grazing practices, are not able to withstand erosive flows of 
the river, and hence, contribute to bank erosion and excessive sedimentation. Many 
areas along the river are also dominated by invasive species.  

 
In response to these issues, the Franklin Conservation District (FCD) contracted 
Vanasse Hangen Brustlin, Inc. (VHB) to review preliminary watershed data and 
assessments, qualify and quantify existing conditions through a comprehensive 
analysis of the watershed and stream corridor, and determine the best alternatives 
for restoring the Sawmill River and its riparian corridor using natural channel design 
principles.  The natural equilibrium condition may be achieved through proper 
analysis and evaluation of existing watershed and stream corridor conditions and 
expert application of fluvial geomorphologic principles. 
 
The project objectives were to complete the watershed assessment initiated by FCD 
and the NRCS, identify and prioritize reaches in need or restoration, and prepare 
conceptual design plans for one selected design reach. 
 
This report provides the results of VHB’s assessment of watershed and river corridor 
conditions, identifies and prioritizes reaches in need of restoration, and includes one 
conceptual design for the selected design reach. The river morphology analysis, 
selection of the design reach, and restoration reach concept design were guided by 
Vermont Agency of Natural Resources Protocols, Rosgen’s Stream Classification 
System, and Shumm, Harvey and Watson’s Channel Evolution Model.    
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Project Approach  
In order to achieve long-term stability throughout the Sawmill River corridor, 
without adversely impacting upstream or downstream conditions, it is necessary to 
determine the most probable, stable stream channel geometry for drainage basin 
conditions. Development of the stable configuration is based on a thorough analysis 
of the watershed including existing and future hydrologic regime (rainfall/runoff 
patterns), determination of the full range of morphologically significant discharges 
(including “bankfull”), and measurements of existing stream corridor geometry. This 
approach yields the data necessary to predict the most probable channel geometry 
capable of supporting an equilibrium condition. An equilibrium or balanced stream 
can handle large and small runoff events without experiencing excessive erosion or 
deposition. A successfully restored stream provides a diversity of habitat for native 
fauna and flora species while maintaining its dimension, pattern and profile over 
time while safely passing the products of its watershed (both liquid and solid). 
Undermining of critical infrastructure and adjacent property due to adjustments in 
channel geometry is thus eliminated in an equilibrium or balanced stream system. 
 
Using the watershed based approach described above, VHB identified preferred 
locations for restoration of the Sawmill River based upon a variety of factors, as 
described herein.  Restoration of the preferred locations will increase the potential 
for achieving system wide morphological equilibrium and improving both terrestrial 
and aquatic habitat features along the Sawmill corridor.  The Conceptual Restoration 
Design presented in Appendix E provides the Franklin Conservation District and 
stakeholders with an example of how to proceed with restoration efforts that will 
improve the ecological integrity of the Sawmill river corridor.   

 

Watershed and Stream Characterization  
A fluvial geomorphic assessment of the mainstem Sawmill River was conducted 
using Vermont’s three phase Stream Geomorphic Assessment protocols (Vermont 
Agency of Natural Resources, 2003).  The protocols were established in recognition 
of the value of fluvial geomorphology in revealing the underlying causes of erosion 
and other riverine hazards.  By comparing existing channel conditions with those 
that would be expected to develop in an undisturbed setting, the handbook can be 
used to better understand the natural and human factors contributing to channel 
instability (Phase 1), identify the most unstable and degraded reaches in a river 
system (Phase 2), and choose restoration strategies that will bring rivers towards a 
natural equilibrium condition (Phase 3).   
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Phase 1 of Vermont’s Stream Geomorphic Assessment Protocols utilizes topographic 
maps, aerial photographs, and archival records to characterize natural conditions 
and human land uses in the watershed.  Surveying and other fieldwork during Phase 
2 of the assessment provides information on the existing morphology of the channel 
in each identified reach.  Project designs are possible with the results of more 
detailed surveying during Phase 3.  The results of the Phase 1 and Phase 2 
assessments are compiled in Appendix A and briefly discussed below. 

 
 

Phase 1 Assessment 

The Natural Resources Conservation Service (NRCS) and FCD identified six 
geomorphic reaches on the Sawmill River mainstem, beginning with M1 at the 
downstream end and continuing upstream to M6, whose upstream end terminates at 
Lake Wyola (Figure 1).  Detailed geomorphic and hydrologic descriptions of the 
stream reaches are contained in the March 2002 NRCS report entitled: Sawmill River 
Watershed Assessment; Franklin County, Massachusetts.  A brief description of these 
Reaches is provided below based upon a Phase 1 Assessment conducted by VHB. 
 
Reaches M5 and M6 are largely confined by steep valley side slopes with only a 
narrow floodplain in some areas.  Bedrock is discontinuously exposed along the 
river banks and bottom. Several small dams were built across the river to power 
mills, frequently at the location of bedrock controlled waterfalls or steps.  In many 
instances, the dams and mills are in disrepair but some remain active to this day. 
 
Reach M4 is also largely confined with the river running along the steep valley side 
slopes for considerable length.  The valley sides are mantled with nonalluvial glacial 
deposits.  The high river banks are generally stable but erosion of these glacial 
deposits in some locations may be contributing significant amounts of sediment to 
downstream reaches.  Additional sediment is derived from inputs by Spaulding 
Brook, a steep tributary at the upstream end of Reach M4.  A berm is located on the 
left bank at the downstream end of the reach and protects Route 47 from flooding.  
The berm is partially eroded in places, indicating the stream’s power and excess 
capacity to transport sediment in this steep confined reach. 
 
Reach M3 is largely unconfined as the river leaves the upper watershed and begins 
to flow on the wide valley floor.  Straightening at the upper end of M3 was probably 
undertaken to limit aggradation and meandering that would naturally accompany 
the drop in gradient and loss of valley confinement.  In addition to the straightening, 
Reach M3 is confined in places by roads, berms, bridges, and riprap.  All of these 
conditions alter the natural morphology of the stream and inhibit the development of 
a natural equilibrium condition.  Sections of Reach M3 were identified as preferred 
potential restoration reaches, and observed channel adjustments are discussed below 
under Phase 2 assessment. 
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Reach M2 flows in the same relatively flat unconfined valley as Reach M3 but 
without the same human alterations.  Consequently, the river channel is very 
responsive to upstream human activities and extensive bar formation is noted.  The 
bar development is accompanied with bank erosion, most notably where no riparian 
buffer is present along the river’s edge to stabilize the bank.  The downstream end of 
Reach M2 in Montague flows through a narrow bedrock confined valley with a high 
waterfall.  This large natural grade control ensures that channel adjustments 
resulting from natural or human-induced changes in the upper watershed are 
unlikely to extend to Reach M1. 
 
Reach M1 is a highly sinuous channel flowing across a floodplain inset into an 
ancient lake terrace formed in the Connecticut River Valley at the end of the last Ice 
Age.  The low gradient and competent clay bank sediments promote the observed 
highly sinuous channel.  The river in this reach is largely undisturbed but is 
particularly sensitive to human disturbance with several erosion problems noted in 
the Sawmill River Watershed Assessment Report dated March 2002.   
 
Instability of a high bank on Meadow Road, recently protected using geogrids, 
appears associated with an area that was previously straightened as noted by the 
offset in the meander pattern in the area (Figure 2).  Well-developed meanders that 
have reformed since the apparent straightening indicate that the straightening of the 
river probably occurred over a century ago.  Other erosion problems in the reach are 
also associated with straightening of this highly sinuous reach.  It is unlikely that 
conditions in upstream reaches are responsible for the instabilities in Reach M1; 
therefore, long-term sustainable improvements to bank stability in this reach will 
probably depend on restoring flow paths to a more natural sinuous condition. 
 
Although a number of opportunities for restoration/stabilization exist in Reaches M1 
through M4, Reach M3 was selected for more advanced study because it represents 
the most unnatural river reach in its current channelized configuration, and as such, 
has the greatest negative impact on downstream reaches through the transfer of 
excessive energy.  Restoring segments of Reach M3 will have the greatest positive 
impact on restoring system-wide morphological stability and enhancing aquatic 
habitat features.  
 

Phase 2 Assessment 

Channel morphology was characterized in greater detail for Reach M3 using 
Vermont’s Phase 2 Stream Geomorphic Assessment Protocols (Appendix A).  As 
indicated in the preceding paragraph, Reach M3 was chosen for further study 
because the results of Phase 1 Stream Assessments revealed that Reach M3 is where 
significant system wide instability problems begin.  While land clearing in the 
nineteenth century, urban development, road construction, and other 
human-induced factors continue to impact runoff and sediment delivery to the 
stream, extensive channel straightening is exerting the greatest influence on channel 
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morphology. These human-induced factors are also contributing to the general lack 
of quality aquatic habitat in Reach M3 and M2 further downstream.  
 
Reach M3 was subdivided into two study segments, Segment A and Segment B, and 
Phase 2 assessment forms were completed for each (Appendix A).  Segment A begins 
at Goddard Brook and continues upstream to the South Street bridge. Segment B 
begins at the South Street bridge and continues upstream to the powerline north of 
Route 63. 
 
The upper segment (Segment B) is severely channelized with the resulting 
adjustments leading to shallow riffles with little pool development. The shallow 
straightened reaches are stable during low to moderate flows, but prone to avulsions 
during large flows as the river recreates a more stable meandering pattern by 
“breaking out” onto the floodplain when the main channel is blocked by sediment, 
woody debris, and/or ice (Figure 3).  Flow often remains in the newly created 
meanders after an avulsion but sometimes returns to the straightened configuration.  
 
Ultimately, the recreation of channel sinuosity reduces sediment transport 
downstream as point bars develop in the newly formed meanders.  Over the past 100 
years or so, a straight channel has been maintained along much of Segment B 
through extensive bank armoring to protect roads and agricultural fields (Figure 4). 
The consequent increase in sediment transport downstream has led to extensive 
aggradation in Segment A.  In some locations gravel bars are higher than the river’s 
banks (Figure 5), resulting in overbank flooding and floodplain scour across 
agricultural fields (Figure 6).  Because accumulating sediment in the channel 
displaces the river’s flow, areas without a riparian buffer are particularly prone to 
scour and avulsion.  The river channel is especially sensitive to channel constrictions 
with aggradation and flooding upstream of bridges. This phenomenon is quite 
apparent at the South Street and Center Street bridges (Figure 7). 

 
 

Rare Species File Review 

As part of the Sawmill River Assessment, state and federal agencies were contacted 
for additional information on rare species in the vicinity of the project site. 
Correspondence from these agencies is included in Appendix B. 
 
According to the Massachusetts Natural Heritage and Endangered Species Program 
(NHESP), three Estimated Habitats of Rare Wetlands Wildlife (WH 4021, WH 114, 
and WH 6013) and three areas of Priority Habitat (PH 359, PH 409, and portions of 
PH 44) exist along the Sawmill River. One Estimated Habitat (WH 583) and one 
Priority Habitat (PH 386) are also mapped at Lake Wyola. Table 1 presents the 
protected species in these areas. 
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Table 1 
State-Listed Species

Habitat ID Scientific Name Common Name State Status 
PH359/WH114 Ambystoma jeffersonianum Jefferson Salamander Special Concern 
PH409/WH6013 Clemmys insculpta Wood Turtle Special Concern 

Clemmys guttata* Spotted Turtle Special Concern 
PH386/WH583 Notropis bifrenatus Bridle Shiner Special Concern 
PH44/WH4021 Satyrium favonius Oak Hairstreak Special Concern 

Ophiogomphus aspersus Brook Snaketail Special Concern 
Stylurus scudderi Zebra Clubtail Endangered 
Ammodramus savannarum Grasshopper Swallow Threatened 
Gyrinophilus porphyriticus Spring Salamander Special Concern 
Catostomus catostomus Longnose Sucker Special Concern 
Clemmys insculpta Wood Turtle Special Concern 
Carex typhina Cat-Tail Sedge Threatened 
Ludwigia polycarpa Many-Fruited False-

Loosestrife
Endangered

*- C. guttata was delisted by the NHESP in May of 2006. The delisting of the species removes it from protection under the 
Massachusetts Endangered Species Act. 

According to correspondence received from the United States Department of the 
Interior, Fish and Wildlife Service, the only federally-listed or proposed endangered 
or threatened species in the vicinity of the Sawmill River is the Bald Eagle (Haliaeetus 
leucocephalus).  
 
Any future restoration work within areas of rare species habitat will likely require an 
analysis of potential effects to the species under protection. Future analyses may 
demonstrate how restoration work may enhance rare species habitat. However, 
NHESP and FWS will require a complete analysis of all short- and/or long-term 
negative impacts that may occur. These types of analyses were beyond the scope of 
this report and are not addressed herein.  
 
As part of the ranking criteria for identification of the preferred restoration reach, 
work within rare species habitat was considered a potential obstacle. However, the 
restoration of the Sawmill River will provide long-term net benefits to rare species 
habitat and should be viewed as a positive aspect of future restoration work. 
 

Restoration Reach Identification and Evaluation 
Based on the watershed and stream characterization describe above, the FCD and 
VHB Team determined that developing a restorative design for a significant segment 
of river in Reach M3 would best meet project objectives. As explained earlier, Reach 
M3’s extremely altered and unnatural condition provides the greatest opportunities 
for restoring natural hydrologic/hydraulic function to the Sawmill river corridor.  
Figure 8 shows the locations of three alternative restoration reaches that were 
identified based upon the potential for significantly improving the river’s 
morphological stability and aquatic habitat features. Each alternative reach provides 
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opportunities for achieving self-maintaining stability throughout its boundaries 
while concurrently minimizing erosive energy transferred to downstream areas.  In 
addition, each alternative provides opportunities for increasing abundance and 
diversity of aquatic habitat.  Such abundance and diversity is a critical component of 
reestablishing a healthy riverine system. The restoration of biological features related 
to soils, vegetation, and wildlife habitat will contribute to the long-term success of 
the project.  

 
A coarse filter assessment was assigned to the three potential restoration design 
reaches mentioned above to establish each reach’s potential for significantly 
improving the river’s morphological stability and aquatic habitat features. The three 
alternative reaches are described below as well as the ranking and scoring criteria 
applied to objectively prioritize sites for restoration. A Phase 3 assessment was 
ultimately conducted on the selected design reach in order to develop a deeper 
understanding of existing problems and potential for restoration.   
 
 

Potential Restoration Reach Descriptions 

Restoration Reach 1 is approximately 2,500 feet long, beginning at the railroad 
crossing in Montague and extending downstream to approximately 500 feet 
upstream of Kells Road. This reach includes Sites 2, 3, and F6 identified in the 
Sawmill River Watershed Assessment Report dated March 2002. 
 
Even though Reach 1 has been historically straightened, it remains relatively stable 
in part due to its intermittent but significant connection to the floodplain.  Floodplain 
connection is particularly evident along the right streambank below Route 63 where 
flood flows are allowed to overtop the bank and feed into numerous swales crossing 
the floodplain.  Some of these swales appear to be remnants of the historic river 
channel that existed prior to channelization (Figures 3 and 9).  Floodplain 
connection, along with riprap installations at strategic locations along Reach 1, 
allows the river to maintain its straightened configuration because stream power in 
the channel is significantly reduced as flood flows dissipate energy across the 
floodplain.  Habitat value, however, is very low because the streambed is uniform 
and riffle dominated throughout most of its length.  Realigning the river would 
provide for uniform distribution of energy and a variety of streambed features. 
These streambed features are critical to the reestablishment of important wildlife 
habitat functions of the river. The creation of microhabitats through streambed 
features provide fish spawning areas, invertebrate habitat, contiguous migration 
routes for fish and other water dependent species, links between habitat areas, 
nurseries and dispersal routes for young aquatic organisms.   
 
Restoration Reach 2 begins immediately south of Kells Road and extends 
approximately 2,400 feet to the South Street bridge. This Reach includes Sites 4, 5, 6, 
7, and F7 identified in the Sawmill River Watershed Assessment Report.  Reach 2 also 
includes 3 grade control structures installed as part of the Emergency Watershed 
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Protection work performed in 1987 after major flooding reconfigured the river to a 
more natural geometry. In some areas the stream was reconstructed as a straight 
trapezoid with little or no variation in bed substrate. Reconfiguring the river to 
mimic its natural pattern as evidenced by the remnant meander scars (shown in 
Figure 8) would greatly enhance the beauty and function throughout this Reach. 
Since the South Street crossing has demonstrated its inability to consistently 
transport the river’s bedload, bridge replacement or retrofitting would be a critical 
component to successful restoration of this reach.  
 
Restoration Reach 3 begins at the South Street bridge and extends approximately 
1,800 feet downstream to the Center Street bridge.  This reach includes Sites 7 and 8 
identified in the Sawmill River Watershed Assessment Report. It also demonstrates good 
examples of the river evolving to a more natural and stable state in the meanders and 
diverse streambed features developing along its length.  The river is no longer as 
straight as it is in Restoration Reaches 1 and 2. Aggradation in the reach leads to 
increased overbank flow into adjacent agricultural fields. Restoration would help the 
river develop in ways it is already evolving. Replacing or retrofitting the Center 
Street and South Street crossings would be a critical component of successful stream 
restoration in this reach.  A more detailed sediment transport analysis is required to 
determine whether retrofitting or replacement is required, or if other options are 
feasible that would result in the long-term success of restoration in this area.    
 
 

Restoration Reach Ranking 

In order to determine the most suitable potential restoration reach, a ranking system 
was established using the criteria identified below.  Each reach was scored on a scale 
of 1 to 3, with 1 indicating a lesser need for or a greater obstacle to restoration and 3 
indicating a greater need for or less of an obstacle to restoration.  The scores for each 
criterion were totaled for each individual reach, and the reach with the highest score 
was determined to be most suitable for restoration. 

Ranking Criteria

1. Scope and severity of stability and flooding problems.  Each potential reach 
was ranked on stability and flooding problems.  A high score indicates the 
reach is unstable and has major flooding problems. 

2. Extent of ecological degradation.  Each potential reach was ranked on 
ecological degradation based on the presence or absence of a wooded buffer, 
variability in riffle/pool structure, and bed feature diversity. 

3. Potential for recovery without intervention.  Each potential reach was ranked 
on potential for recovery (morphological stability and habitat restoration) 
without human intervention using the following criteria: 

� 5 to 25 years= 1 

� 25 to 100 years= 2 
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� 100+ years= 3 
4. Potential to meet objectives with restoration measures.  Each potential reach 

was ranked on the potential to meet objectives (morphological stability and 
habitat restoration) with restoration. 

5. Project constraints.  The project constraints of each potential reach were 
evaluated based on the presence of roadway crossings and parallel roads or 
other infrastructure. 

6. Ecological impacts of construction.  Each potential reach was ranked on the 
severity of negative ecological impacts due to construction associated with the 
restoration of the reach.  Rankings were assigned as follows: 

� Minor negative ecological impacts= 3 

� Moderately negative ecological impacts= 2 

� Major negative ecological impacts= 1    
7. Costs.  Each potential reach was ranked on cost based on the following criteria: 

� Presence/absence of crossings 

� Road relocation 

� Length (assume cost of 300 dollars per linear foot) 
o <100,000 dollars= 3 
o 100,000 to 500,000 dollars= 2 
o >500,000 dollars= 1 

8. Data on presence/absence of state or federal rare species habitat.  Each 
potential reach was ranked on threatened and endangered species based on 
information in the most recent addition of the Massachusetts Natural Heritage 
Atlas (2005 MassGIS layer).  Rankings were assigned as follows: 

� No Estimated Habitat or Priority Polygon= 3 

� Reach located on the fringe of an Estimated Habitat or Priority Habitat 
polygon= 2 

� Reach within an Estimated Habitat or Priority Habitat polygon= 1 
9. Landowner restriction.  Each potential reach was ranked on degree of access 

restriction.  A score of 2 or higher indicates that permission to access the reach 
via private property is likely to be achievable. 
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Table 2 
Restoration Reach Ranking 

 
ReachCriteria

One Two Three 
1 Scope and severity of stability and flooding 

problems
2 3 2 

2 Extent of ecological degradation 2 3 1 
3 Potential for recovery without intervention 3 3 1 
4 Potential to meet objectives with 

restoration measures 
3 3 3 

5 Project constraints 2 2 2 
6 Ecological impacts of construction 3 3 3 
7 Costs 2 1 1 
8 Presence/absence of rare species  1 2 1 
9 Landowner restriction 2* 1 3 
Total Score 20 21 17 

* Status of landowner restriction pending. 

A Phase 3 assessment using Vermont’s Stream Geomorphic Assessment Protocols 
was conducted on Restoration Reach 1, which received the second highest numerical 
ranking as indicated in Table 2 above.  Restoration Reach 2 ranked slightly higher 
but landowner resistance precluded further study of this reach. A more detailed 
description of Restoration Reach 1 is given below. 

 

Phase 3 Assessment

The entire Restoration Reach 1 has been channelized and its floodplain constricted 
on the left streambank by the Route 47 road grade (Figure 3). Just upstream of the 
Route 63 Bridge, rock walls and riprap armoring are nearly continuous along the left 
streambank and are used intermittently to protect the Route 47 embankment 
downstream of Route 63.  Most of the stream corridor, from the railroad bridge to the 
Route 63 Bridge, is characterized by discontinuous berming along both streambanks, 
which serves to minimize floodplain access. (Figure 10). The Route 63 road grade 
blocks floodplain access such that most discharge events including bankfull and 
higher are funneled under the bridge.   
 
Floodplain constriction and channel straightening have served to increase the 
transfer of energy and sediment through the design reach (Restoration Reach 1).  
This has resulted in bank erosion and the formation of a large gravel bar at the first 
bend in the river downstream of the straightened reach (Figure 12). The gravel bar 
height is equal to the bank height. Therefore, overbank flooding is most prevalent at 
this location.  Erosion is occurring on the left bank as flow is diverted around the 
point bar on the right bank. Additional channel instabilities further downstream in 
Reach M3 (e.g., South Street bridge, Chinese vegetable farm) are also the result of 
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increased energy and sediment transfer from the design reach and other channelized 
sections of the river. 
 
The design reach is generally wide and shallow with width:depth ratios averaging 
15.0 but reaching a high of 20.8 where flow enters the floodplain swales (Figure 11) 
and a low of 8.0 where berms and channel armoring are present (Figures 4 and 10). 
Overall the river exhibits late Stage III and early Stage IV (Schumm, Harvey, Watson, 
Channel Evolution Model) characteristics as revealed by its general connectivity with 
the floodplain, as well as expanding point bar features and excessive cut-bank 
erosion in meander bend locations. As graphically shown in the longitudinal profile 
in Figure 13, pool complexity is low with a plane bed morphology composed of 
cobbles and gravel predominating (Figure 4).  The unconfined right bank below the 
Route 63 Bridge remains connected with the broad floodplain in most locations and 
thus classifies as a Rosgen C3 despite significant constriction of the left floodplain 
area.   
 
Recreating a natural pattern, dimension and profile through the design reach would 
greatly improve habitat conditions and morphological stability throughout the reach, 
and significantly reduce the transfer of erosive energy to downstream areas.  
Although reestablishment of the river’s original course is not practicable given the 
presence of Route 47 and Route 63 in the floodplain, portions of the old channel 
could be reconnected with a new natural configuration constructed in the right 
floodplain area (Figure 14). 
 
If allowed to adjust naturally over time, artificially straightened channels will 
ultimately reestablish sinuosity, typically during large floods when flow “breaks 
out” of the channel due to a debris jam or other blockage.  If the flow “breaks out” 
with enough energy, a new meander is carved out on the floodplain surface. This 
appears to have happened towards the lower end of the design reach where the river 
meander is adjacent to an abandoned portion of the straightened channel. Pool 
depths and particle size segregation, two important components of energy 
dissipation and physical habitat for fish, are superior in the newly created meander 
compared to the abandoned straight channel.  If meanders are properly recreated 
within the design reach, the river will be able to dissipate energy uniformly along its 
path, resulting in improved aquatic habit features and reduced potential for “break 
outs” downstream during high flow events that may threaten roads and other 
infrastructure.  
 
Homes located near the historic channel position in the design reach may be 
currently susceptible to flooding but could be protected as part of the restoration by 
constructing a berm setback (adjacent to at-risk structures) from the newly created 
channel.  In addition, a properly designed channel configuration will effectively 
transport sediment and hold its position in the valley, thereby further reducing the 
potential for flood damage to homes and infrastructure.   
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Restoration Reach Design 
Based upon the evaluation and ranking methodology applied to potential restoration 
reaches, VHB developed a restoration design for Priority Reach 1. 
 

Restoration Reach Survey 

 
The topographic survey and base map of the proposed restoration reach was 
compiled using aerial photogrammetric methods with a film exposure date of 
October 2005.  Using dual frequency static GPS, several aerial control points were 
field measured and differentially post processed. The resulting coordinates were 
then horizontally referenced to the Massachusetts Mainland State Plane Projection 
Zone of 2001 (NAD83) and vertically referenced to the North American Vertical 
Datum of 1988 (NAVD88).   
 
Aerial survey methods allowed for a much greater area to be surveyed (upwards of 
40 acres) for the budgeted amount than would have been possible through an on the 
ground conventional survey.  The results of the survey are an accurate base map that 
includes the river corridor,  topographic features, roadways, structures, and tree line. 
   

Hydrologic/Hydraulic Analysis 

Hydrologic and hydraulic modeling and analysis was performed utilizing Version 7, 
HydroCAD stormwater modeling system as developed by HydroCAD Software 
Solutions, LLC, Chocorua, New Hampshire.  Other applications utilized include 
Flowmaster 6.1 hydraulic software as developed by Haested Methods, Waterbury, 
Connecticut, and the US Army Corps of Engineers “Hec-Ras River Modeling 
System”. 
 
The Natural Resources Conservation Service (formerly SCS) methodology and runoff 
procedures are the basis for overall watershed modeling for this project.  
Precipitation data for Franklin County was obtained by source data provided by the 
USDA-NRCS and the U. S. Weather Bureau as found in Technical Paper No. 40 
Rainfall Frequency Atlas of the United States.  Total precipitation data used in the 
SCS unit hydrograph method and SCS Type III rainfall distribution is as follows: 
 

Design Storm Frequency Rainfall, P (24 hr.), In. 
1.5-Year 2.80 
2-Year 3.00 

10-Year 4.50 
25-Year 5.00 

100-Year 6.30 
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Peak discharge values for all components of the hydrologic model are performed 
using the SCS Unit Hydrograph procedure.  This procedure, which defines a 
hydrograph that would result from one inch of excess rainfall, is used to construct 
hydrographs for storms of other durations and with other depths of rainfall excess.   
 
Phase 1 of Vermont’s Stream Geomorphic Assessment Protocols utilized topographic 
maps, aerial photographs, and archival records to characterize the natural conditions 
and land uses within the individual watersheds of each identified reach (Reach M-1 
through Reach M-6), and are compiled in Appendix 1. 
 
The hydrologic model was developed from the Phase 1 assessment information, 
Stream Channel Classification data, and soils data.  The Hydrological Soil Group 
(HSG) of the soils in the watershed of the project area was based on an analysis of 
the surficial geology mapping for Franklin County. Three soil deposits were 
identified on the surficial geology mapping within the four watersheds, including 
sand and gravel deposits, till or bedrock, and floodplain alluvium. The surficial 
geology mapping was then compared with soil mapping from the Franklin County 
soil survey and appropriate HSG values were assigned to the surficial geology 
deposits. The area and percentage of coverage for each surficial deposit based on the 
assigned HSG value was calculated using CADD/GIS. This analysis worked 
relatively well for sub-watersheds M-4 and M-7, however sub-watersheds M-5 and 
M-6 contained a much higher percentage of HSG A soils according to the soil survey, 
than was shown on the surficial geology mapping. In these watersheds, the 
percentage of HSG A soil was increased to 50 percent based on a visual estimate of 
the soil survey mapping. 
 
The subject hydrologic model which represents existing conditions in watersheds 
M-3 through M-7 generates runoff hydrographs and conveys these hydrographs 
downstream through each stream reach (M-3 through M-6). Watershed M-7 flows 
into Lake Wyola which then discharges into Reach M-6.  Peak discharge values were 
established for all components of the model. Of particular interest are the computed 
discharges to Priority Reach 1 within the M-3 watershed.  The following is a 
summary of the estimated flow rates at this selected location. 
 

Design Storm Frequency Peak Discharge (cfs) 
1.5-Year 502 
2-Year 639 

10-Year 2015 
25-Year 2600 

100-Year 4404 
 

Conceptual Design 

A conceptual design based upon natural channel design principles was developed 
for Restoration Reach 1. Specifically, Vermont’s Stream Geomorphic Assessment 
protocols, Rosgen’s Stream Classification System, Shumm, Harvey and Watson’s 
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Channel Evolution Model, New England Regional Curves, fluvial geomorphologic 
and hydraulic empirical relations, hydrologic/hydraulic modeling, and VHB’s 
experience with numerous stream corridor restoration projects in the Mid-Atlantic 
region were used to guide the assessment and design process. Concept design 
drawings and supporting documentation are contained in Appendices C and E.   
  
Since “Bankfull” discharge largely determines the size and form of alluvial rivers, it 
is imperative that an accurate estimation of Bankfull be determined prior to sizing 
the river channel and floodplain area.  Bankfull stage indicators were identified in 
the field at numerous locations along Priority Reach 1.  Detailed morphological 
measurements were then taken to determine the cross sectional area, longitudinal 
profile, pattern, and channel rugosity associated with the bankfull stage.   
 
An initial estimate of bankfull discharge was computed using static hydraulic 
modeling methods and data collected from the subject detailed field measurements.  
The range of computed discharges varied from approximately 450 to 550 cfs with the 
most reliable estimate reasoned to be 492 cfs, which was computed using Cross 
Section 5 field survey data.  The Bankfull discharge estimate of 492 cfs was 
subsequently corroborated through application of New England’s Regional Curve 
data and hydrologic/hydraulic modeling of the 1.5 year frequency storm event 
through the proposed restoration reach.  The New England Regional Curves indicate 
a value of approximately 511 cfs for a 22 square mile drainage area while the results 
of the hydrologic/hydraulic modeling indicate 502 cfs for the 1.5 year frequency 
storm.   
 
It is important to note that VHB’s estimate of Bankfull discharge is approximately 
five times higher than earlier estimates of bankfull reported by NRCS that were 
believed to be based on river channel cross section and profile data collected above 
the railroad trestle as well as below Route 63.  NRCS documented bankfull values at 
these locations of 107 cfs and 96 cfs respectively.   These values are significantly 
lower than VHB’s estimate and seem to be inconsistent with the definition of 
bankfull discharge based upon a cursory level sediment transport analysis and 
recognition of the size and character of the contributing watershed. VHB is 
confident, based upon our analysis of the river corridor and contributing watershed, 
that a Bankfull discharge value of approximately 500 cfs is representative of the full 
range of discharges having the greatest impact on Restoration Reach 1. Hence, this 
value was carried forward to determine an acceptable range of morphological values 
for the conceptual design. 
 
The Conceptual Design for Restoration Reach 1 is divided into two design segments, 
Design Segment I and Design Segment II, in recognition of the distinct change in 
valley type that occurs in proximity of the Route 63 Bridge crossing. Above Route 63 
the river is confined by steep valley walls with a bed gradient of approximately 1.5%.  
Below Route 63 the river gradient decreases to approximately 1.0% as the valley 
becomes significantly broader and flatter.  This change in valley character suggests a 
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Rosgen B3c is appropriate for Design Segment I while a C3 stream type is better 
suited for Design Segment II. 
 
A B3c stream type is recommended for Design Segment I as indicated in the 
Conceptual Design drawings attached in Appendix E.  Bankfull morphological 
values for this Segment are as follows: Top Width = 40 ft; Mean Depth = 2.1 ft; Cross 
Sectional Area = 83.5 sq.ft.; Floodprone Width = 70 ft; Width/Depth = 19; and 
Floodprone Width/Top Width = 1.8.  In general the Concept Design creates a more 
natural, slightly sinuous channel between the railroad trestle and Route 63 Bridge 
crossing capable of transporting its bedload.  The dikes that currently line the left 
side of the stream would be removed to allow for a more complete reconnection of 
the river with its floodplain.  Natural Boulder Structures such as Cross Vanes, 
Log/Rock Vanes, Transitions/Grade Control, and Stacked Stone would be installed 
at strategic locations along the proposed alignment to ensure channel stability and 
enhance aquatic habitat. Important habitat features to be created in these areas 
include step pool and riffle features which provide cover, breeding and foraging for 
a variety of fish species. Riffle features provide aeration of surface water beneficial to 
macroinvertebrates.   The unstable streambank just downstream from the railroad 
trestle (NRCS Site #2) would be regraded and stabilized with a Stacked Stone Best 
Management Practice that absorbs erosive energy and ensures long term bank 
stability.  Finally, a variety of native woody and herbaceous vegetation would be 
established along the corridor to substantially improve visual value, increase 
terrestrial habitat, and ensure long term stability of the constructed channel.   
 
A C3 stream type is recommended for Design Segment II as indicated in the 
Conceptual Design Drawings attached in Appendix E.  Approximate Bankfull 
morphological values for this segment are as follows:  Top Width = 46 ft; Mean 
Depth = 2.1 ft; Cross Sectional Area = 97 sq.ft; Floodprone Width = 106 feet; 
Width/Depth = 22; and Floodprone Width/Top Width = 2.3.  In general, the 
Concept Design creates a more natural, moderately sinuous channel from the Route 
63 Bridge Crossing to approximately 1600 feet downstream.  The river would be 
reconnected in some locations with its historic channel and completely reconnected 
to the floodplain.  The existing streambank instability at NRCS Site No. 3 would be 
entirely eliminated through realignment of the river.  A riffle-run-pool-glide 
streambed complex replaces the existing uniform riffle-dominated bed and a variety 
of Habitat/Grade Control Structures are installed along the proposed alignment as 
appropriate to enhance both morphological stability and aquatic habitat (e.g., pools 
and low flow channels that maintain aquatic connectivity through the river).    
 
The proposed Conceptual Design would not only restore approximately 2400 linear 
feet of the Sawmill River corridor, but would also significantly reduce or eliminate 
negative impacts of the current river configuration on downstream reaches.  The 
current channelized river produces excessive sedimentation through streambank 
erosion and transfers abnormally high velocities and shear stresses to downstream 
areas.  Some sections of the river are over widened and incompetent in transporting 
the bedload.  These sections of the river are located towards the lower end of Reach 1 
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and exhibit excessive sedimentation.  The proposed river geometry will dissipate 
energy uniformly throughout the channel length, and hence, minimize erosion and 
sedimentation while maintaining the competence to transport the river’s bedload.   
 

Potential Permitting Requirements 

Future implementation and construction of the conceptual stream restoration design 
will require permitting under numerous regulatory jurisdictions. Table 3 lists the 
regulatory programs and permits that are likely to be required. This list should not 
be considered exhaustive, as future final designs and regulatory program 
requirements may impact permitting requirements. 
 
Table 3 
Potential Permitting Requirements

Permit Name Regulatory Authority Issuing Agency 
Local/State   
Order of Conditions Massachusetts Wetlands 

Protection Act M.G.L. c. 131 S. 
40

Conservation Commission/ 
Massachusetts DEP 

   
Water Quality Certificate Clean Water Act (Sec. 401) Massachusetts DEP 
   
Chapter 91 License Chapter 91 Waterways 

Licensing Law M.G.L. c. 91 
Massachusetts DEP 
Wetlands/Waterways Program 

   
Environmental Notification 
Form (ENF) 

Massachusetts Environmental 
Policy Act M.G.L. c. 30 S. 61 
through 62H, inclusive 

Massachusetts Executive Office 
of Environmental Affairs 

   
Conservation and Management 
Permit

Massachusetts Endangered 
Species Act M.G.L. c. 131A 

Massachusetts Natural Heritage 
and Endangered Species 
Program

   
Federal   
Category II/Individual Permit Clean Water Act (Sec. 404) U.S. Army Corps of Engineers 
   
Recovery Permit (or other) Section 10 Endangered 

Species Act 
U.S. Fish & Wildlife Service 

Permitting under the Massachusetts Environmental Policy Act and Section 404 of the 
Clean Water Act has the potential to trigger historic/archeological reviews overseen 
by the Massachusetts Historic Commission (under M.G.L. c. 9 S. 26-17C and the 
National Historic Preservation Act). 
 

Construction Access and Staging Areas

Good Construction Access and Staging Areas appear to be available at several 
locations along Restoration Reach 1.  The most practical ingress/egress location for 
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Design Segment I appears to be between the river and North Leverett Road in 
proximity of river station 68+75.  Presumably, the Massachusetts Highway 
Department presently possesses right-of-way access in this area, which may extend 
all the way to the river.  Minimal clearing would be required for easy site access and 
the creation of a functional stockpile and staging area. 

 
Design Segment II appears to have several areas that would serve quite well for 
construction ingress/egress.  Both areas lie towards the lower end of Design 
Segment II between river stations 51+00 and 52+50.  One area is located west of the 
river, just off of Main Street where a private residence already exists.  Since the 
proposed project would provide many positive benefits to the property owners 
including reduced flooding potential and river channel maintenance, improved river 
corridor aesthetics, enhanced aquatic habitat features, and self-maintaining channel 
stability, successfully negotiating a temporary construction easement and permanent 
maintenance easement should be obtainable.  Likewise, an existing private residence 
on the east side of the river would apparently provide good construction access and 
allow for efficient staging of construction operations.  Obviously, easements for 
either of these areas will need to be negotiated, but again, the positive benefits of the 
project should greatly facilitate the negotiation process.       
  
 

Summary and Recommendations 
Vanasse Hangen Brustlin, Inc. has conducted an assessment of the Sawmill River 
watershed for the purpose of identifying potential areas with great restoration 
potential using natural channel design principles. The Sawmill River has been 
historically degraded over time through channel straightening, and the use of riprap 
and berms to protect roads and agricultural fields. The river has responded to 
channelization efforts by recreating meanders where flow “breaks out” across the 
floodplain during large storms, carving new channels, and transporting and 
depositing excess sediment downstream at bridge crossings and overwidened 
channel reaches.  These responses result in more frequent flooding, excessive bank 
erosion, and loss of aquatic habitat.  
  
In an effort to mimic the river’s tendency toward dynamic equilibrium, a conceptual 
restorative design is presented that calls for reestablishment of a self-maintaining 
dimension, pattern and profile along a severely channelized segment of Reach M3. 
The dissipation of energy in the design channel will create a balance between erosion 
and sedimentation and support the maintenance of complex aquatic habitat features, 
which are absent in the existing straightened channel. The reduced sediment 
transport downstream will also alleviate to a degree, aggradation, flooding, and 
avulsion problems evident in the lower stretches of  Reach M3 and throughout Reach 
M2 that have resulted from historic channelization activities in Reach M3.  
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By using the watershed assessment data and conceptual design documents included 
in this report, in conjunction with the knowledge attained through previous studies 
of the Sawmill River watershed, the FCD can now prioritize restoration and 
implement projects with the greatest potential for restoring the “Sawmill” to a fully 
functional self-maintaining riverine system.  Future studies will refine the proposed 
conceptual design and result in restoration work that will benefit the local 
community as well as the natural environment.  
 


