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1. Introduction 
1.1 OVERVIEW 

Recent evolution of the lower Mad River near Campton, NH, has resulted in increased risk to the 
Campton Village Water Precinct (Precinct) water supply wells and water main (Figure 1) due to 
riverbank erosion.  Emergency erosion control activities have been implemented during the period 
since Tropical Storm Irene (late August 2011) to stem erosion of the river bank adjacent to the water 
main (riprap revetment) and along the slopes adjacent to each well (Figure 2). After the emergency 
stabilization activities were completed, Inter-Fluve was retained in 2015 to assess the trajectory of the 
river in this area to evaluate the risk for ongoing future erosion near the infrastructure. Based on the 
evaluation, conceptual alternatives were developed to aid in longer-term holistic management of the 
erosion risk and stability of the reach of the Mad River, while also benefitting riverine habitat if 
possible. This report details the assessment and conceptual alternatives development. Inter-Fluve 
collaborated with the Village of Campton (Village), the New Hampshire Department of 
Environmental Services (NHDES), and the North Country Council (NCC) on this study (collectively, 
the Project Team). 

 

 
Figure 1. Aerial image of the Mad River study area, including the location of the Precinct wells, water main and other 
features.  
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Figure 2. Riprap around the perimeters of the drinking wells to help mitigate erosion. 

 

1.2 SCOPE OF WORK 

The scope of work for the study includes the following tasks: 

 Prepare Site Specific Project Plan (SSPP): Develop an SSPP for approval consistent with 
the Stream Morphology Programmatic Quality Assurance Project Plan developed by NHDES.  

 Fieldwork and Geomorphic Assessment: 

 Phase 1 Geomorphic Assessment: Perform a Phase 1 Geomorphic Assessment on the Mad 
River upstream from the confluence with the Pemigewasset River for a distance of 
approximately 1.8 miles. This included mapping the stream centerline (1:5000 scale), reach 
breaks, valley walls, meander belt centerline, and other watershed conditions influencing 
channel morphology.   

 Phase 2 Geomorphic Assessment: Complete a Phase 2 Geomorphic Assessment for the Mad 
River, using the New Hampshire implementation of the Vermont Stream Geomorphic 
Assessment Phase 2 Protocols (VT ANR 2009). This included survey of channel 
dimensions, substrate analysis, rapid geomorphic assessment and rapid habitat assessment. 
Field protocols and work products were developed according to DES quality assurance 
standards and data acquisition requirements. 
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 Modeling and Conceptual Design: 

 H & H Modeling: Develop an existing conditions one-dimensional hydraulic model using 
the United States Army Corps of Engineers (USACE) HEC-RAS model, based on cross 
section and longitudinal data collected during the Fieldwork and Geomorphic Assessment 
to evaluate river velocities and bank shear stress through channels, crossings and near 
other infrastructure.  The hydraulic modeling was supported by hydrologic analysis to 
assess peak flow magnitudes for the standard set of recurrence interval storm events (i.e. 
2, 10, 25, 50 and 100-year storm events). 

 Conceptual Renderings: Provide conceptual renderings based on feasible alternatives to 
support the goals of the project.  

 Reporting 

 Draft Restoration/Stabilization Report: Interpret and synthesize the final geomorphology data 
into a fluvial geomorphology-based restoration/stabilization report, alternatives analysis 
of up to three (3) feasible alternatives for the site along with an engineer's opinion of 
probable cost for those alternatives.  

 Final Restoration/ Stabilization Report: Integrate Project Team review and comments into the 
final study report.    

 

1.3 OVERVIEW OF PREVIOUS WORK 

The Precinct previously received an emergency authorization from NHDES to install bank 
stabilization along the outside meander bend of the Mad River to protect the water main and well 
access road, and directly adjacent to the wells. Headwaters Hydrology (HH) prepared emergency plans 
for the protection of the Precinct wells in this location, which included survey and development of a 
HEC RAS model for the area. The data developed by HH were integrated in the current study.  
 

 

2. Site Characteristics  
 The reach of the Mad River through Campton Village that contains the Campton Village Water 
Precinct wellheads has been characterized as ‘not supporting or marginally supporting’ according to 
the Aquatic Life Use Designations for New Hampshire surface waters. According to the draft 305(b) 
/ 303(d) watershed report card, “Impacts from Hydrostructure Flow Regulation/modification” have 
been identified as the source of non-attainment along this reach of river (North Country Council 2015; 
assessment unit ID NHRIV700010401-17). The impacts can be traced to river diversions, 
impoundments (including Milo Lake Dam), and gravel extraction that caused the Mad River to 
abandon the primary channel, develop secondary channels, occupy sand and gravel pits, relocate 
across the floodplain, and move and deposit large volumes of sand, gravel, and other materials 
throughout the lower reaches of the watershed over the last fifty years (North Country Council 2015). 

The legacy of anthropogenic changes in the Mad River watershed results in the potential for risk to 
the integrity and quality of the Campton Village Water District wellheads and distribution system. 
Ongoing channel migration, sediment deposition, and erosion of bank and bed materials may risk the 
supply and quality of water to six hundred Campton residents currently served by this system.  
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2.1 GEOMORPHIC OVERVIEW 

The Mad River watershed extends into the White Mountains in the Waterville Valley region before 
flowing south and west through Campton Upper and Lower Villages to its confluence with the 
Pemigewasset River just west of Interstate 93. The upper watershed in White Mountain National 
Forest is primarily forested, characterized by steep valley slopes, and steep to moderate channel 
gradients. The lower watershed near Campton is more developed with agricultural, commercial, 
transportation, and residential land uses. Slopes and channel gradients are substantially lower in this 
area. The river takes on a more meandering course as the river joins the ancient floodplain valley of 
the Pemigewasset River and flows through the former impoundment of Milo Lake dam.  

The project area extends from the confluence with the Pemigewasset River to a point 1.8 miles 
upstream, where NH Route 49 begins to parallel the Mad River. This segment of the river is a naturally 
dynamic and depositional environment due the substantial flattening of the channel gradient and 
expansion in valley confinement, which resulted in an alluvial fan environment historically. It is likely 
that the river occupied many positions in this area over time, ranging from the east valley wall to past 
the alignment of the railroad at the western extent. The 1928 and 1931 maps show a broad fan-shaped 
landform where the combined valleys of the Pemigewasset River and the Mad River open into the flat 
to the south of Sunset Hill (Figure 3 and Figure 4). Railroad construction bisected the historical alluvial 
fan shared by the two rivers prior to 1928, effectively separating the two valleys with its construction. 

The project reach includes the former Milo Lake Dam impoundment which was likely used for gravel 
mining during interstate highway (I-93) construction. Alluvial fans were commonly used for gravel 
extraction for highway construction and many other uses. The historic maps indicate that the dam 
was built after 1931 (Figure 3). It is thought that the structure breached during a large storm event in 
the 1970s. Two 15-foot-long spillway sections are still present in the river right (west) floodplain. The 
precise history of the dam and failure was not able to be recovered, and may be an area for future 
research. 

Based on review of the 1928 and 1931 topographic maps and the earliest generally available aerial 
photographs (1993, google earth), prior to construction of the dam and interstate highway the Mad 
River alignment was generally along the east side of the valley. This alignment connected the current 
east overflow channels upstream and downstream of the former dam location (Figure 6). Although 
the precise events leading to dam failure are not known, it is hypothesized that the failure was 
accompanied by a river avulsion through the former gravel extraction areas upstream of the dam, 
leading to isolation of the upper segment of the former river (along the east valley wall), and a new 
river course through the former impoundment. The dramatically elevated sediment load associated 
with the failure and avulsion likely overwhelmed the east meander loop downstream of the dam, 
leading to a second avulsion downstream of the dam, cutting the present course aligned with the 
railroad embankment downstream of the dam. 

The reach of river has been adjusting since the dam failure and avulsion events, likely on a generally 
depositional trajectory consistent with the historical and current position within the watershed. Since 
1993, the river alignment has been in the same general position through the former impoundment 
and along the railroad embankment downstream of the former dam location. However, it is likely that 
local shifts in prominence of the multiple channels through the former impoundment have occurred 
and will continue to occur in response to storms and depositional events such as Tropical Storm Irene. 
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Figure 3. Historic Map of the project site (shown in red box) from 1928, prior to construction of Milo Lake Dam 
(http://docs.unh.edu/NH/plym28sw.jpg) 

 
Figure 4. Historic map of the project site (shown in red box) from 1931, prior to construction of Milo Lake Dam 
(http://docs.unh.edu/NH/plym31sw.jpg). 
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Figure 5. Remnants of the right abutment of Milo Lake Dam include large rock and sheet pile with a concrete cap. 
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Figure 6. Aerial image of the project site (shown in red box) from 1993 (Google Earth). 

 

2.2 GEOMORPHIC ASSESSMENTS 

 Phase I Assessment 

2.2.1.1 Reach Limits 

Reach breaks were delineated based on variation in valley width, valley slope, lithology and tributary 
influences to support the Phase II assessment. Delineated valley walls were used to assess the degree 
of confinement, and to further categorize each reach.  A total of three reaches were delineated within 
the study area (Figure 7Error! Reference source not found.). Reach 1, the upper portion of the 
study area, is highly confined with little to no floodplain connectivity due to valley walls that are very 
close to the stream. Reach 2 is a transition reach between highly confined Reach 1 and the 
geomorphically active Reach 3. Reach 3, the lower portion of the study area, is dynamic with a wide 
floodplain and ongoing sedimentation. This reach contains the former impoundment of the Milo Lake 
dam, the history of which is generally discussed earlier in the report.  
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Figure 7. Study sub‐reaches delineated in the Phase 1 Assessment. 

Phase II Assessment 

The Phase II assessment included rapid geomorphic assessment, rapid habitat assessment, selected 
cross section survey, substrate analysis, and a series of georeferenced ground-level photos. Data was 
collected using the Vermont Phase 2 protocols (VT ANR 2009) and mapped in a GIS database (Figure 
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8). The stream geomorphic data and results from the rapid geomorphic and habitat assessments were 
input into the NHDES Microsoft Access database. In addition, the photo log was transcribed into 
Microsoft Excel and transmitted to DES with a series of photos from the field reconnaissance 
(Appendix B).  Lastly, a ground survey was performed with RTK-DGPS to collect supplemental 
longitudinal profile data through Reaches 2 and 3 (Figure 9). In addition, supplemental cross sections 
and topographic data were collected to support hydraulic modeling and concept design development. 

The results of the Phase II assessment including notes and discussion are found in Appendix A. 

 

 
Figure 8. Aerial image of the project location showing reach breaks, Phase II cross sections and photo points. 
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Figure 9. Longitudinal Profile of the channel thalweg in Reaches 2 and 3. 

 

2.3 HYDROLOGIC AND HYDRAULIC ANALYSIS 

 Hydrology 

Flood flow estimates for the study reach were obtained via USGS StreamStats (USGS 2016) which 
incorporates regression equations (Flynn 2003; Flynn et al. 2004) that estimate flood discharges (e.g., 
recurrence intervals of 1.5-, 2-, 5-, 10-, 25-, 50-, 100-, and 500-years) based on watershed area, expected 
runoff, attenuation (e.g., wetlands) and channel slope.  Error! Reference source not found. provides 
the results for the standard flood frequencies based on the total drainage area of 62.2 sq miles. 

Table 1. Flood magnitudes estimated using StreamStats and used in the Mad River hydraulic model.  

 
 

During normal conditions, flow is predominantly through the active channel which traverses the 
former Milo Lake dam impoundment. As discharges increases, flow in the historical channel (presently 
a high flow channel) along the east valley wall also increases (Figure 10). The flow partitioning between 
the active channel and the overflow channel was estimated based on the following relationships 
developed by HH for their 2015 modeling, where R represents the recurrence interval and P represents 
the proportion of flow in the overflow channel. The estimated flow partitioning is reflected in Error! 
Reference source not found.. 
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If R < 10 yr;  Psc = 0.10 (log10R) + 0.045 

If R > 10 yr; Psc = 0.01 (log10R) + 0.14 

 Hydraulic Model 

IFI developed a one-dimensional planning-level hydraulic model using the US Army Corps of 
Engineers Hydrologic Engineering Center’s River Analysis System (HEC-RAS) to simulate river 
flow through the study area.  The software predicts channel-averaged hydraulic parameters, such as 
water surface elevations, flow velocities, and shear stresses, based on channel cross-section data and 
flow.   
 
The IFI model extended a previous HEC-RAS model developed by Headwaters Hydrology (2015) 
by adding additional cross-sections and river profile data upstream and downstream of the project 
area, as well as within the study reach (Figure 10). Topographic survey data was collected by 
Headwaters Hydrology in October, 2014 and by IFI in February, 2016.  Hydraulic roughness values 
(Manning’s n) used in the model were based on observed sediment grain size data, vegetation, and 
channel and floodplain conditions, and compared to published values and guidance (Barnes 1967; 
Arcement and Schneider 1989) Manning’s roughness values of 0.05 and 0.12 were used for the 
channel and floodplain, respectively. A split flow regime was used to analyze the relative hydraulic 
patterns in the mainstem and the abandoned high flow channel. 
 

 
Figure 10.  HEC‐RAS geometry for the Mad River project reach. 
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 Results 

Water surface elevations within the modeled extents are largely influenced by the steep, more confined 
channel in Reach 2, and flow constrictions at the former Milo Lake Dam (STA 1900) and at the 
railroad bridge (STA (-)500; Figure 11). In particular, the remnants of Milo Lake dam exert a strong 
influence on the hydraulics of the area of concern. Simulated flow velocities (Figure 12) are relatively 
higher along the steeper upstream reach, ranging between 3 and 6 ft/s during more frequently 
occurring flood events (e.g., 2-YR), and up to 10 ft/s during extreme events (e.g., 100YR).   

In the area of concern, the wider floodplain, flatter channel slope, and downstream hydraulic control 
at the dam location limit downstream velocities to a maximum of 5 ft/s under the extreme 500-year 
flow event, with the exception of increased velocities predicted at the Milo Lake Dam and railroad 
bridge constrictions (Figure 12).  Shear stresses predicted within the mainstem of the channel in Reach 
3 range from 0.05 to 1 lbs/ft2, although shear stress is predicted to increase to around 2 lbs/ft2 at the 
former dam location and the railroad bridge (Figure 13Figure 13).  Adjacent to the Precinct drinking 
wells, maximum velocities are predicted to be approximately 4.7 ft/s with a maximum shear stress of 
0.7 lbs/ft2, which may initialize transport of bed material up to 2 in in diameter within the channel. In 
the side channel, the maximum flow velocity predicted in the HEC-RAS model was 3 ft/sec with a 
maximum shear stress of 0.75 lbs/ft2. However, these estimates do not account for the escalation of 
shear stress around the bend. In general, the hydraulic modeling results are consistent with the 
geomorphic interpretations, suggesting that erosion of river banks are most likely related to 
depositional signatures and events, leading to flow redirections and local shifts in channel prominence 
and enhanced pressure on the river banks in select locations.     
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Figure 11. Simulated water surface elevations from the Mad River HEC‐RAS hydraulic model. 
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Figure 12. Simulated flow velocities from the Mad River HEC‐RAS hydraulic model. 
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Figure 13. Simulated shear stresses from the Mad River HEC‐RAS hydraulic model. 
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2.4 SYNTHESIS OF SITE EVOLUTION AND TRAJECTORY  

The present condition of the study reach integrates the inherent dynamic position within the river 
network with the legacy of manipulation, dam failure and associated avulsion to result in the 
conditions experienced in the reach today.  Based on site observations, the geomorphic assessment 
and interpretation, and hydraulic evaluation, we estimate that the study reach near the area of concern 
is on a generally aggradational trend. In particular, the position of the reach in an alluvial fan 
environment coupled with the hydraulic control provided by the former dam lead to a relatively 
modest reach-scale hydraulic environment in the area of concern. Localized areas of scour and erosion 
may be occurring in response to deposition events that lead to shifts in prominence of sub-channels 
and cutoff chutes, flow redirections, and associated increased pressure on channel banks. Left 
unmodified, the reach will likely continue on a similar trajectory for some time. However, at some 
point aggradation along the current alignment may lead to a condition where progressively greater 
flow is reintroduced to the former channel along the east valley wall. At some point in the future, it is 
conceivable that the river may reoccupy that alignment, due to the substantially shorter length along 
that alignment, coupled with the hydraulic control exerted by the remnants of the former Milo Lake 
dam.   

 

 

3. Goals and Objectives 
The Project Team developed the following goals and objectives for the proposed stabilization and 
enhancement project:   

 Eliminate risk of damage to the drinking water supply system for the Campton Village District,  

 Manage the river corridor so that its geomorphic function and habitat value are less 
constrained by past management and impacts, and past and current development pressures, 

 Result in delisting on this section of the Mad River from the 305(b) / 303(d) list. 

 

 
 

4. Alternatives Analysis and Conceptual Designs  
In response to the goals and objectives set for the project, three stabilization and enhancement 
alternatives have been developed for the project reach, detailed below.   

 

4.1 ALTERNATIVE 1: STONE BIOTECHNICAL BANK STABILIZATION  

 Description 

The first alternative for protecting the Precinct infrastructure and improving riverine processes is 
based on the current river alignment (Alternative 1; Appendix C). The alternative enhances the existing 
riprap protection by extending a bank stabilization treatment 500 LF along the right bank of the 
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channel. This alternative also includes excavating the remnant Milo Lake dam to the extent that it no 
longer exerts a direct hydraulic control on the study reach in order to improve sediment transport and 
reduce aggradation in the area of concern, which appears to influence bank erosion and impair aquatic 
habitat quality. In tandem with these efforts, the former channel along river left will be excavated 
approximately one foot, enhancing the overflow channel and reducing the shear stresses along the 
main stem during very large flow events. 

The bank treatment approach includes stone protection in the lower bank at 2:1 side slope that would 
be joint staked with riparian shrubs, while the upper bank would be constructed with fabric 
encapsulated soil lifts to enhance revegetation success and establishment of a riparian fringe.  

This alternative would occur primarily on property or right-of-ways owned by the Village or Precinct. 

 Anticipated Benefits 

This alternative stabilizes the channel bank, prohibiting lateral migration and erosion from continuing 
to endanger the wells, while minimizing the amount of in-channel construction that will need to take 
place. Removal of the dam remnants would improve sediment continuity and improve riverine 
processes and habitat. Because this alternative would be implemented on property either owned by or 
with existing rights held by the Village or Precinct, coordination would be facilitated. 

 Risks/ Design Considerations/ Potential Constraints 

The precise approach to armoring would require a more in-depth evaluation at a minimum including 
detailed survey and assessment of the potential depth of scour along the bank to set the bottom 
elevation for the bank treatment and coordination with regulators to understand any permitting 
implications. As an enhancement, large wood could be embedded in the stone armor in select locations 
to enhance the habitat function. 

 Projected Total Project Cost 

The order of magnitude opinion of construction cost for this alternative at the conceptual level is 
$551,000 ($729,000 with the addition of a 30% contingency to account for the early stage of design). 
A detailed breakdown of this cost opinion is included in Appendix D.  

 

4.2 ALTERNATIVE 2: LARGE WOOD BIOTECHNICAL STABILIZATION 

 Description 

The second alternative to achieve the project goals is also based on the current river alignment 
(Alternative 2; Appendix C). The alternative is similar in composition to Alternative 1, but utilizes 
large wood materials for bank stabilization instead of stone, thereby offering enhanced instream 
habitat value. This alternative enhances the existing riprap protection by extending a bank stabilization 
treatment 500 LF along the right bank of the channel. Compared to Alternative 1, this alternative also 
includes the addition of surface large wood treatments in the overflow channels directly adjacent to 
the wellheads that are activated during high flows, and are the locations of potential erosion at the 
wellheads themselves. Installation of the surface wood in these channels and on the adjacent bar will 
hydraulically roughen these areas, reducing local mean flow velocities, and acting to focus more of the 
flow in the main channel to the south of the bar. 
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This alternative also includes excavating the remnant Milo Lake dam to the extent that it no longer 
exerts a direct hydraulic control on the study reach in order to improve sediment transport and reduce 
aggradation in the area of concern, which appears to influence bank erosion and impair aquatic habitat 
quality. In tandem with these efforts, the former channel along river left will be excavated 
approximately one foot, enhancing the overflow channel and reducing the shear stresses along the 
main stem during very large flow events. 

The bank treatment approach includes log crib construction in the lower bank at 1:1 or steeper side 
slope that would be joint staked with riparian shrubs, while the upper bank would be constructed with 
fabric encapsulated soil lifts to enhance revegetation success and establishment of a riparian fringe.  

 Anticipated Benefits 

This alternative stabilizes the channel bank, prohibiting lateral migration and erosion from continuing 
to endanger the infrastructure, while substantially enhancing aquatic habitat value relative to 
Alternative 1. Removal of the dam remnants would improve sediment continuity through the reach 
and improve riverine processes and habitat. Because this alternative would be implemented on 
property either owned by or with existing rights held by the Village or Precinct, coordination would 
be facilitated.   

 Risks/ Design Considerations/ Potential Constraints 

The precise approach to bank stabilization would require a more in-depth evaluation at a minimum 
including detailed survey and assessment of the potential depth of scour along the bank to set the 
bottom elevation for the bank treatment and coordination with regulators to understand any 
permitting implications.  

 Projected Total Project Cost 

The order of magnitude opinion of construction cost for this alternative at the conceptual level is 
$444,000 ($577,000 with the addition of a 30% contingency to account for the early stage of design). 
A detailed breakdown of this cost opinion is included in Appendix D.  

 

4.3 ALTERNATIVE 3: CHANNEL REALIGNMENT 

 Description 

The third alternative is a holistic approach to achieve the project goals by restoring the river alignment 
to the course that existing prior to Milo Lake dam construction, gravel mining, dam failure and 
avulsion. The alternative is generally based on the river alignment shown on the 1928 and 1931 
topographic maps (Figure 3 and Figure 4, respectively), which is a modestly meandering alignment 
along the eastern portion of the valley (Alternative 3; Appendix C). In doing so, the active river 
alignment would bypass the Precinct infrastructure in its entirety, providing a high level of risk 
reduction. Additionally, this alternative would also move the river alignment away from the railroad 
embankment, which would also provide a benefit through additional protection of that infrastructure 
in addition to improving habitat quality.  

Because the alternative would also bypass the former dam location, and would include a shorter length, 
sediment transport through the area would be enhanced improving riverine conditions and aquatic 
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habitat. Large wood and tactical grading would be implemented in select locations to reinforce 
restoration of the river alignment, and the former alignment would be excavated approximately 2 to 
3 feet deeper, on average. The bank condition in select locations would need to be evaluated, and 
possibly reinforced in conjunction with the realignment of the channel. 

Also, bypassing the former dam eliminates the necessity of removing the dam remnants, but this could 
be included to enhance riparian habitat functions. Additionally, the area of the former impoundment 
through which the channel is currently aligned would be converted to a riparian wetland complex, 
providing a substantial habitat enhancement to the former gravel extraction area. The effort 
committed to proactively enhancing this future habitat could be scaled to available funding resources. 

 Anticipated Benefits 

Rerouting the channel will transfer the main flow of the river away from the Precinct infrastructure 
and the railroad embankment, providing a high degree of risk mitigation. This alternative would also 
provide a very high degree of aquatic and riparian habitat enhancement relative to the present 
condition in the reach.    

 Risks/ Design Considerations/ Potential Constraints 

In contrast to Alternatives 1 and 2, portions of Alternative 3 may require construction on property 
that the Village and Precinct do not own or have rights to. As such, this alternative will require early 
coordination with the affected owners to establish its true feasibility, as the decision to participate 
would be entirely up to private property owners and their objectives for their land. The acceptability 
of this alternative to the affected owners is not known at present, and respectful coordination with 
the owners is recommended as soon as possible if the Project Team would like to advance this 
alternative towards design. As with the other alternatives, the precise approach to the effort will require 
a more in-depth evaluation at a minimum including detailed survey and design development, and 
coordination with regulators to understand any permitting implications. A detailed survey along the 
proposed realigned channel is required to provide the information needed to fine tune the amount of 
excavation necessary and the estimated cost for this alternative. 

 Projected Total Project Cost 

A conservative approach was taken for estimating the quantity of excavation which accounts for a 
majority of the current project costs. Detailed survey leading to refinement of the amount of 
excavation necessary will result in potentially reduced total project cost.  The order of magnitude 
opinion of construction cost for this alternative at the conceptual level is $548,000 ($713,000 with the 
addition of a 30% contingency to account for the early stage of design). A detailed breakdown of this 
cost opinion is included in Appendix D.  
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Appendix A – Phase II: Reach Descriptions 
Reach descriptions 

The project area extends from Mad River’s confluence with the Pemigewasset River to a point 1.8 
miles upstream, where NH Route 49 begins to parallel the Mad River. The project reach includes the 
former Milo Lake Dam impoundment and was likely used for gravel mining during interstate 
highway (I-93) construction. An historic map and air photo review indicates the dam was built after 
1928 (Figure 1) and the majority of this structure was breached during a large storm event in the 
1970s. Two spillway sections, 15 feet long and 2 feet deep, span the river right (west) floodplain, 
suggesting historic channels were located in this area. The backwater created by Milo Lake Dam 
directly influences high flow conditions in the study area (Figure 2).     

 

 

Figure 1 Historic Map of the project site (shown in red box) from 1928, prior to construction of Milo Lake Dam 
(http://docs.unh.edu/NH/plym28sw.jpg) 
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Figure 2 Aerial image of the project location with reach breaks, cross section and photo locations shown 
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Reach 1:  

Reach 1 is confined between a ridge on river left and a bedrock embankment and NH Route 49 on 
the right (Figure 2). The channel has a riffle-glide morphology and is characterized by swift water 
and a cobble-boulder bed (Figure 4). There are exposed boulders 8 feet plus in diameter (along the 
longest dimension, Figure 3). River left has a small inset floodplain, likely inundated at the 50-to 
100-year event, with a cobble toe at the base of the hillslope (Figure 5). Heavy deciduous growth 
lines the banks, including yellow and white birch on the river left floodplain with conifers prevalent 
along the slopes.  

 

Figure 3 Reach 1 is characterized as a confined riffle‐glide channel with large exposed boulders. 
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Figure 4 Grain Size distributions for all cross sections 

 

Figure 5 Reach 1 cross section 1 taken using the tape, level and survey rod method detailed in VT ANR (2009) 
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Reach 2:  

The upstream extent of Reach 2 marks the transition in bed substrate from cobble/boulder 
substrate noted in Reach 1 to a gravel/cobble bed (Figure 4). The morphology remains riffle-glide 
with steep embankments on river right. Development and clearing persists outside of the tree line 
along river right, similar to that observed in Reach 1, however there was no bedrock visible along 
the channel or adjacent slopes. The low-gradient floodplain on river left is likely inundated at the 50-
100-year event. The floodplain features a hand placed rockwall, which may be used to control 
flooding or as a property line boundary.   

Further downstream in Reach 2, the valley widens and the channel is no longer confined. A large 
beaver pond has formed off channel, along the left side of the river, with a large sand deposit 
separating the wetland area from the main stem of the channel (Figure 6). A large cobble bar is 
actively forming on river right, indicating aggradation is occurring in this portion of the channel, 
likely as a result of the reduction in confinement and slope.   

 

Figure 6 Beaver dam and wetland complex on the left floodplain of Reach 2 

The representative cross section measurements (XS1; Figure 2 and Figure 7) were taken at the 
upstream extent of a riffle. The channel bed has a few exposed boulders in the 4- to 5-foot diameter 
range, but the majority of the channel substrate is in the cobble/gravel size range (1 to 10 inches). 
The inset floodplain on river left is primarily covered with grasses and shrubs and pockets of 
standing water, which appear to be the result of groundwater seepage. The vegetation throughout 



MAD RIVER STABILIZATION REPORT 

6 
 

the left floodplain is indicative of a surface that is likely inundated on an annual basis. The relatively 
steep bank along the right side of the channel terminates at what appears to be an abandoned terrace 
surface. While LIDAR is not available for this area, this terrace was not clearly evident in the 1928 
topographic map (Figure 1), indicating that the right side of the channel may be a constructed berm. 
The surface inland of the slope is 1 to 2 feet below the crest of the berm, further supporting this 
theory. Large conifers were present along the crest of the relatively steep right bank slope, but 
deciduous species dominated the planting inland, indicating that the conifer trees may have been 
planted at the time of berm construction (Figure 8).   

 

 

Figure 7 Reach 2 cross section 1 taken using the tape, level and survey rod method detailed in VT ANR (2009) 

‐4.5

‐4

‐3.5

‐3

‐2.5

‐2

‐1.5

‐1

‐0.5

0
0 20 40 60 80 100 120 140

D
is
ta
n
ce
	b
el
ow

	b
an
k
fu
ll
	(
ft
)

distance	from	left	bank	(ft)

Reach	2	xs	1



MAD RIVER STABILIZATION REPORT 

7 
 

 

Figure 8 Reach 2 is characterized by a wider valley width, a larger floodplain on river left and a gravel/cobble channel 
substrate. 

 

 

 

 

 

 

 

 

 

 

 

 

 



MAD RIVER STABILIZATION REPORT 

8 
 

Reach 3:  

The upstream portion of Reach 3 mirrors the cross section measured in Reach 2 and then 
transitions to an actively adjusting system associated with the previous impoundment and avulsions.   
The channel features exposed gravel/cobble bars, active bank erosion, and an abandoned channel 
on river left. A large bar with imbricated gravels/cobbles, has formed along river right during a 
recent high flow event (Figure 2- photo location 5). Inland of this feature, a flood overflow channel 
has formed and is threatening the town drinking wells (discussed below). Opposite of the bar, 
approximately 200 feet of bank erosion, varying from 4 to 10 feet high, occurs along the left bank, 
which is an erosion/ deposition pattern common in forming meander bends (Figure 9).  

 

Figure 9 River left bank erosion and undercutting in Reach 3 Segment 1 in the background with the recently formed gravel 
deposit in the foreground.  

The dynamic nature of this reach is further illustrated slightly downstream of the gravel bar deposit, 
where a transverse flow pattern has developed at a sharp bend in the channel (Figure 2-photo 
location 6). The new flow pattern redirects a majority of flow from the outer meander bend across a 
cobble riffle into a lower gradient sub-channel, actively eroding the sand banks along the right side 
of the channel. The right bank comprises sands and small gravels, with patches of red osier 
dogwoods and other shrubs with shallow roots dominating the vegetation, resulting in minimal 
resistance to erosive forces (Figure 10). Downstream of this active channel migration, 150 ft. of 
mass wasting/ eroding channel bank, approximately 15-20 feet high with a visible cobble-boulder 
toe appears along the left side of the channel. White pine and hemlocks, with exposed roots, line the 
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top of bank, and continued mass wasting will potentially recruit large wood to the channel.  

 

 

 

Figure 10 Active channel migration towards river right and associated bank erosion 

 

Reach 3- Cross Section 1:  

At the confluence of the Mad River mainstem and the mouth of the overflow channel, the 
mainstem exhibits transverse flow across a vegetated, mid-channel gravel/cobble bar, towards an 
actively eroding right channel bank. The elevation of the recently formed channel between the gravel 
cobble bar and river right bank is much lower than the elevation of the stream to the left of the bar 
along the main stem alignment, indicating that the flow will preferentially route through the right 
side of the channel, continue to erode the banks and widen with time, threatening the town drinking 
wells. Given the high priority nature of this portion of the channel, it was selected as the location for 
the first cross section in Reach 3 (Figure 2; Figure 11).  
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Figure 11 Reach 3 Cross section 1 taken using the tape, level and survey rod method detailed in VT ANR (2009) 

 

Reach 3- Cross Section 1 is characterized by a mid-channel cobble bar with an actively eroding right 
bank immediately upstream. The left bank is steep, covered in shrubs and willows, and topped by 
coniferous trees (Figure 12). The town drinking water wells are located directly inland from this 
cross section, and given the erosion and flow patterns in this area, were at extreme risk of failure 
(Figure 13). Riprap was placed around the toe of both well berms as an emergency measure in 2015. 
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Figure 12 Reach 3‐Cross Section 1 taken looking downstream from the mid‐channel gravel bar looking towards the installed 
riprap toe protection along the access roadway. 
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Figure 13 Right bank of Reach 3 Cross section 1 taken from the mid channel gravel/ cobble bar note the drinking well berm in 
the background. 

 

Downstream of Reach 3- Cross Section 1, a riprap revetment composed of 2- to 4-foot diameter 
boulders is located along the right side of the channel. The revetment is 125’ long and 12 to 15 feet 
high with a 1:1 slope above the water and 3:1 side slope below the water surface. An access road 
runs along the top of the revetment with dense conifers along the upper terrace (Figure 14). There is 
no evidence of erosion or flanking of the riprap noted during the field investigation. The area 
adjacent to the channel on river left transitions from a terrace surface to a floodplain surface, 
increasing the likelihood of inundation as evidenced by the transition of dominant vegetation from 
conifers to shrubs. The lower surface is depositional in nature with 2 pieces of large wood on the 
banks. This floodplain area is likely inundated during the 25- to 50-year event.  
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Figure 14 Riprap revetment along the slope of the access road along river right in Reach 3, photo was taken looking 
downstream 

 

Reach 3- Cross Section 2:  

The second cross section in Reach 3 was taken downstream of the former Milo Dam location 
(Figure 15) and existing backwater on river right (Figure 16). The channel at this location is a single 
thread channel with a riffle crest in the active channel and a vegetated gravel cobble bar on river left 
(Figure 17). The right bank of the channel is eroding, but the gradual, upward bend of the deciduous 
trees suggest the erosion process is gradual. The top of bank on river left, outside of the bar deposit, 
is approximately 5 to 6 feet high and is likely inundated at the 25-50-year frequency. Aspen and 
birch comprise most of the bank vegetation, although a few pines and hemlocks are also present   
The channel substrate in this reach is much more consistent than was observed in Reaches 1 and 2, 
with a median grain size of 6 inches (152mm; Figure 4). 
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Figure 15 Remnant Milo Pond Dam abutments 

 
Figure 16 Cross section 2 in Reach 3 just downstream of the confluence of the river right backwater are and the current main 
stem of the channel  
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Figure 17 Reach 3 cross section 2 taken using the tape, level and survey rod method detailed in VT ANR (2009) 

An approximately 20-foot-high railroad berm revetment runs along the right side of the channel 
from the precinct pump house to the bridge that crosses Mad River, directly abutting the channel 
for approximately 300 feet just upstream of the bridge (Figure 18).  The slope banks are lined with 
immobile 2 to 4 foot boulders, limiting lateral channel migration. The channel in this location is 
narrower than upstream with coarser substrate. The railroad berm redirects flow from the right side 
of the channel, over a submerged cobble bar, and towards the left bank, resulting in bank erosion 
that extends 120 feet.  The erosion exposed conifer roots 3 feet above the channel. Continued bank 
erosion at this location will potentially recruit additional wood into the system. The railroad berm 
divides the active channel and the former floodplain on river right. Clearing in the area, especially 
along the existing powerline easement, has removed all old growth vegetation, leaving only 
deciduous trees along the perimeter of the floodplain. While the channel bed is coarser than cross 
section 1 within Reach 3, the exposed channel bars are composed of finer material, including sands, 
and the channel is narrower and deeper than upstream.  
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Figure 18 Railroad berm and riprap abutment along river right in Reach 3 segment 2 

 

The Railroad Bridge:  

Riprap has been installed along the left bank downstream of the confluence of the mainstem and the 
tributary on river left, and just upstream of the railroad bridge. The riprap treatment is 8 to12 feet 
high and 200 feet long (Figure 19). Extensive clearing has occurred inland from the top of the riprap 
along the outer meander bend of the channel. The human alterations, including construction of the 
railroad bridge and the riprap installation along the outer meander bend, have greatly limited lateral 
migration in this portion of the channel.  The railroad bridge is undersized and acts as a hydraulic 
control during flood events, as evidenced by the depositional patterns of the large cobbles and 
gravels upstream of the center pillar.  A majority of the base flow is conveyed through the left 
opening of the bridge with the right side of the bridge acting as a small overflow channel (Figure 
20).   
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Figure 19 Riprap bank installation along river left upstream of the railroad bridge 

Downstream of the railroad bridge, active scour and bank failure occur on the left side of the 
channel, extending 10 to 14 feet high and actively recruiting large wood. On the right bank, a 250-
foot-long riprap revetment, constructed 2 to 5 feet high, isolates the active channel from the former 
floodplain, leaving inset gravel sand deposits on river right upstream of the highway bridge.  
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Figure 20 Photo taken from the cobble/gravel deposit upstream from the Railroad Bridge facing downstream 

 

I-93 Highway Bridges:  

The I-93 highway spans Mad River with two concrete bridges: 1) a two lane north bound bridge and 
2) a two lane south bound bridge (Figure 21). 2 to 4 ft diameter riprap line the channel on both sides 
of the highway and between the bridges. An extensive berm flanks the highway and the roadway 
corridor is mostly cleared of vegetation. The bridges appear to be appropriately sized and unlikely to 
constrict flow.    
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Figure 21 Highway 93 Bridge and associated abutments 

 

 

REFERENCES: 

Vermont Agency of Natural Resources (VT ANR). May 2009. Vermont Stream Geomorphic Assessment Phase 2 
Handbook Rapid Stream Assessment. 
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Appendix B – Photo Log 
 

Reach N/S E/W Picture 
number 

Description 

1 43.852846 N -71.638136 W 514 Reach 1 cross section looking upstream from the left bank 
1 43.852846 N -71.638136 W 515 Reach 1 cross section looking upstream from the left bank 
1 43.852846 N -71.638136 W 516 Reach 1 cross section looking at Right bank from left bank  
1 43.852846 N -71.638136 W 517 Reach 1 cross section looking at Right bank from left bank  
1 43.852846 N -71.638136 W 518 Reach 1 cross section looking downstream from left bank 
1 43.852846 N -71.638136 W 519 Reach 1 cross section looking downstream from left bank 
1 43.852846 N -71.638136 W 520 Reach 1 cross section looking downstream from left bank 
1 43.852846 N -71.638136 W 521 Reach 1 cross section looking downstream from left bank 
1 43.852846 N -71.638136 W 522 Reach 1 x/s looking u/s along left bank 
1 43.852846 N -71.638136 W 523 Reach 1 x/s looking downstream from in-channel 
1 43.852846 N -71.638136 W 524 Reach 1 x/s looking at river left from in-channel 
1 43.852846 N -71.638136 W 525 Reach 1 x/s looking river right from in-channel 
1 43.852846 N -71.638136 W 526 Reach 1 x/s looking upstream from center 
2 43.851278 N -71.638484 W  527 upstream extent of Reach 2 looking upstream 
2 43.851278 N -71.638484 W  528 upstream extent of Reach 2 looking towards river left 
2 43.851278 N -71.638484 W  529 upstream extent of Reach 2 looking towards river right 
2 43.851278 N -71.638484 W  530 upstream extent of Reach 2 looking downstream 
2 43.851278 N -71.638484 W  531 rock wall along river left in Reach 2 
2 43.851278 N -71.638484 W  532 rock wall along river left in Reach 2 
2 43.848573 N -71.637580 W 533 beaver dam photos along river left 
2 43.848573 N -71.637580 W 534 beaver dam photos along river left 
2 43.848573 N -71.637580 W 535 GPS pt of beaver dam photos along river left 
2 43.848147 N -71.637377 W 536 looking upstream  
2 43.848147 N -71.637377 W 537 looking at river left 
2 43.848147 N -71.637377 W 538 looking at river right 
2 43.848147 N -71.637377 W 539 looking downstream 
2 43.848147 N -71.637377 W 540 gps location 
2 43.847256 N -71.637718 W 541 tributary on river left 
2 43.847256 N -71.637718 W 542 tributary on river left 
2 43.847256 N -71.637718 W 543 looking upstream taken from river left 
2 43.847256 N -71.637718 W 544 looking towards river right from river left 
2 43.847256 N -71.637718 W 545 looking downstream from river left 
2 43.847256 N -71.637718 W 546 looking towards river left 
2 43.847256 N -71.637718 W 547 GPS pt   
2 N/A N/A 548 Picture of note sheet 
2 N/A N/A 549 Picture of note sheet 
2 N/A N/A 550 Picture of note sheet 
2 N/A N/A 551 Picture of note sheet 
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2 43.844077 N -71.639208 W 552 Reach 2 x/s 1 looking upstream from center 
2 43.844077 N -71.639208 W 553 Reach 2 x/s 1 looking at left bank from center 
2 43.844077 N -71.639208 W 554 Reach 2 x/s 1 looking downstream from center 
2 43.844077 N -71.639208 W 555 Reach 2 x/s 1 looking at right bank 
2 43.844077 N -71.639208 W 556 Reach 2 x/s 1 looking downstream with Gabe for scale 
2 43.844077 N -71.639208 W 557 Reach 2 x/s 1 looking upstream with Gabe for scale 
3 43.844077 N -71.639208 W 558 Reach 2 x/s 1 looking downstream from left bank 
3 43.842038 N -71.642308 W 559 high flow channel aka flood chute on river right 
3 43.842038 N -71.642308 W 560 high flow channel aka flood chute on river right 
3 43.842038 N -71.642308 W 561 high flow channel aka flood chute on river right 
3 43.842038 N -71.642308 W 562 gps pt 
3 43.841407 N -71.642471 W 563 River left of current main stem has 200' of bank erosion. 

Some large wood accumulation at upstream end 
3 43.841407 N -71.642471 W 564 River left of current main stem has 200' of bank erosion. 

Some large wood accumulation at upstream end 
3 43.841407 N -71.642471 W 565 River left of current main stem has 200' of bank erosion. 

Some large wood accumulation at upstream end 
3 43.841407 N -71.642471 W 566 River left of current main stem has 200' of bank erosion. 

Some large wood accumulation at upstream end 
3 43.841407 N -71.642471 W 567 gps pt 
3 43.841413 N -71.642653 W 568 Left bank taken from right island 
3 43.841413 N -71.642653 W 569 left bank/ downstream taken from right island 
3 43.841413 N -71.642653 W 570 transverse flow along bank of right island looking 

downstream 
3 43.841413 N -71.642653 W 571 transverse flow along bank of right island looking 

downstream 
3 43.841413 N -71.642653 W 572 location on field map 
3 43.841413 N -71.642653 W 573 gps point 
3 43.841413 N -71.642653 W 574 Left bank taken from right island 
3 43.842177 N -71.642648 W 575 river left bank 
3 43.842177 N -71.642648 W 576 river left bank 
3 43.842177 N -71.642648 W 577 right bank material 
3 43.842177 N -71.642648 W 578 right bank large wood 
3 43.842177 N -71.642648 W 579 downstream picture including the mid channel bar with 

transverse flow 
3 43.842177 N -71.642648 W 580 river right 
3 43.842177 N -71.642648 W 581 river right 
3 43.842177 N -71.642648 W 582 looking upstream 
3 43.842177 N -71.642648 W 583 gps location for 575 through 584 
3 NM NM 584 rack line on vegetated island on river right with 10" dbh 

diciduous tree. 
3 43.843336 N -71.642785 W 585 river right facing downstream, shot of riprap along access 

road berm 
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3 43.843336 N -71.642785 W 586 river right facing downstream, shot of riprap along access 
road berm 

3 43.843336 N -71.642785 W 587 gps location for 585-590 
3 43.843336 N -71.642785 W 588 upstream of the channel taken from river right 
3 43.843336 N -71.642785 W 589 river left taken from river right 
3 43.843336 N -71.642785 W 590 downstream of the channel taken from river right 
3 43.843336 N -71.642785 W 591 river right channel bank 
3 43.840147 N -71.646738 W 592 dam impoundment looking upstream 
3 43.840147 N -71.646738 W 593 dam impoundment looking upstream 
3 43.840147 N -71.646738 W 594 dam impoundment looking upstream 
3 43.838914 N -71.648688 W  595 railroad berm revetment on river right, the berm is 

limiting lateral migration  
3 43.838914 N -71.648688 W  596 river left- cobble gravel bar on river left 
3 43.838914 N -71.648688 W  597 looking upstream  
3 43.838914 N -71.648688 W  598 looking downstream 
3 43.837772 N -71.649096 W 599 middle of channel looking toward right bank under 

railroad bridge 
3 43.837772 N -71.649096 W 600 middle of channel looking toward left bank under railroad 

bridge 
3 43.837772 N -71.649096 W 601 picture from upstream looking downstream towards 

center of railroad bridge 
3 43.837772 N -71.649096 W 602 middle of channel looking toward left bank under railroad 

bridge 
3 43.837772 N -71.649096 W 603 middle of channel looking toward right bank under 

railroad bridge 
3 43.837772 N -71.649096 W 604 middle of channel looking upstream of railroad bridge 
3 43.837772 N -71.649096 W 605 looking toward riprap left bank upstream of railroad 

bridge 
3 43.837772 N -71.649096 W 606 middle of channel looking toward left bank under railroad 

bridge 
3 43.837772 N -71.649096 W 607 taken on top of railroad bridge looking toward river left 
3 43.837772 N -71.649096 W 608 taken from railroad bridge looking upstream 
3 43.837772 N -71.649096 W 609 taken from railroad bridge looking downstream 
3 43.837772 N -71.649096 W 610 taken downstream looking upstream toward river left 
3 43.838754 N -71.650291 W 611 downstream of railroad bridge looking downstream 
3 43.838754 N -71.650291 W 612 downstream of railroad bridge looking downstream 
3 43.838754 N -71.650291 W 613 downstream of railroad bridge looking towards river left 

bank 
3 43.838754 N -71.650291 W 614 upstream of highway bridges looking downstream 
3 43.838754 N -71.650291 W 615 upstream of highway bridges looking downstream 
3 43.838754 N -71.650291 W 616 upstream of highway bridges looking downstream 
3 43.838754 N -71.650291 W 617 river left bank taken from right side of channel 
3 43.838754 N -71.650291 W 618 looking upstream toward railroad bridge 
3 43.838754 N -71.650291 W 619 looking downstream toward highway bridge 
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3 43.838754 N -71.650291 W 620 looking downstream toward highway bridge 
3 43.838754 N -71.650291 W 621 looking downstream toward highway bridge 
3 43.838754 N -71.650291 W 622 looking downstream toward highway bridge 
3 43.838754 N -71.650291 W 623 looking downstream toward highway bridge right bank 
3 43.838754 N -71.650291 W 624 side channel along river right 
3 43.838754 N -71.650291 W 625 looking downstream at bridge from river right 
3 43.838754 N -71.650291 W 626 GPS PT 
3 43.842460 N -71.642581 W 627 Reach 3 xs 1 taken from ds looking upstream 
3 43.842460 N -71.642581 W 628 Reach 3 xs 1 taken from ds looking upstream 
3 43.842460 N -71.642581 W 629 Reach 3 xs 1 taken from right bank looking towards left 
3 43.842460 N -71.642581 W 630 Reach 3 XS 1  
3 43.842460 N -71.642581 W 631 Reach 3 xs 1 taken fromus looking downstream 
3 43.842460 N -71.642581 W 632 Reach 3 xs 1 looking upstream 
3 43.842460 N -71.642581 W 633 Reach 3 XS 1 from cobble bar towards river right 
3 43.842460 N -71.642581 W 634 Reach 3 XS 1 from cobble bar towards river right 
3 43.844077 N -71.639208 W 644 Reach 3 xs 2 facing upstream taken from right bank 
3 43.844077 N -71.639208 W 645 Reach 3 xs 2 looking us 
3 43.844077 N -71.639208 W 646 Reach 3 xs 2 looking us 
3 43.844077 N -71.639208 W 647 Reach 3 xs 2 looking ds 
3 43.844077 N -71.639208 W 648 Reach 3 xs 2 looking ds 
3 43.844077 N -71.639208 W 649 Reach 3 xs 2 looking us 
3 43.844077 N -71.639208 W 650 Reach 3 xs 2 right bank facing downstream 
3 43.844077 N -71.639208 W 651 Reach 3 xs 2 from right bank facing left bank 
3 43.844077 N -71.639208 W 652 Reach 3 xs 2 left bank from channel 
3 43.844077 N -71.639208 W 653 Reach 3 xs 2 right bank facing upstream 
3 43.844077 N -71.639208 W 654 Reach 3 xs 2 center of channel facing upstream from 

center of channel at confluence of backwater and main 
stem 

3 43.844077 N -71.639208 W 655 Reach 3 xs 2 from center of channel facing right bank 
3 43.844077 N -71.639208 W 656 Reach 3 xs 2 facing downstream 
3 43.844077 N -71.639208 W 657 Reach 3 xs 2 left bank from channel 

 



Appendix C: Stabilization Alternatives 
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Appendix D: Opinions of Probable Cost 
It should be noted that the actual implemented cost may vary from these estimates, based on market 
factors, detailed design development and possible optimization, and other factors. Given the state of 
project development, project delivery costs are also reflected in the cost opinions to help with strategic 
planning for fundraising efforts. These cost opinions are provided at the present juncture primarily to 
enable relative comparison between alternatives, with additional design development recommended to 
result in cost opinions that are suitable for use in fundraising.  

   



1.1 ALTERNATIVE 1: STONE BIOTECHNICAL BANK STABILIZATION  

Construction Bid Items           

No. Item Quantity Unit Unit Cost Total Cost Notes 

Initialization           

1 Mobilization 
           

1  
LS  $      39,131.25   $        39,131  

7.5% of other items; includes clearing and grubbing; traffic control as 
necessary 

2 Erosion, Pollution & Water Control 
           

1  
LS  $           20,000   $        20,000  misc control activities 

3 Temporary Access Roads 
           

1  
LS  $             5,000   $          5,000  Includes any stabilization necessary along existing access road 

Bank Stabilization & Earthwork           

4 Stone on Riverbank 
          

5,550  
TON  $                 50   $      277,500  1.75 tons/cy @ ~3,167 CY for the river bank 

5 Fabric Encapsulated Soil Lifts 
          

1,500  
FACE 
FEET 

 $                 30   $        45,000  upper slope 

6 Stone in Overflow by Wells 
          

1,125  
TON  $                 50   $        56,250  1.75 tons/cy @ ~640 CY for the bank treatment only. 

7 Excavation of Historic Channel 
          

6,200  
CY  $                 15   $        93,000  1' over footprint of overflow channel 

8 Milo Lake Dam Removal 
           

1  
LS  $           15,000   $        15,000  Remove dam remnants 

Habitat           

9 Revegetation 
           

1  
LS  $           10,000   $        10,000  Placeholder 

        Construction Subtotal  $      560,881    

        Contingency (30%)  $      168,264    

      
  

Project Construction Total  $      729,146    

Project Delivery Costs           

Project Management (estimated)       $15,000  

Permitting (estimated)       $25,000  

Engineering Design (estimated)       $50,000  

Construction Contract Administration (estimated)       $40,000  

Construction Oversight (Estimated)       $20,000  

         

Project Delivery Costs Total       $198,200  

Total Project Costs       $927,346  



1.2 ALTERNATIVE 2: LARGE WOOD BIOTECHNICAL STABILIZATION 

Construction Bid Items           

No. Item Quantity Unit Unit Cost Total Cost Notes 

Initialization           

1 Mobilization            1  LS  $          30,975.00   $ 30,975  
7.5% of other items; includes clearing and grubbing; traffic control 
as necessary 

2 Erosion, Pollution & Water Control            1  LS  $               20,000   $ 20,000  misc control activities 

3 Temporary Access Roads            1  LS  $                5,000   $    5,000  Includes any stabilization necessary along existing access road 

Large Wood & Earthwork           

4 Large Wood Log Crib        400  EA  $                   450   $ 180,000  0.7-0.8 pieces per LF on average 

5 Fabric Encapsulated Soil Lifts     1,500  
FACE 
FEET 

 $                     30   $ 45,000  upper slope 

6 Large Wood Roughness        100  EA  $                   450   $ 45,000  estimated 

7 Excavation of Historic Channel     6,200  CY  $                     15   $ 93,000  1' over footprint of overflow channel 

8 Milo Lake Dam Removal            1  LS  $               15,000   $ 15,000  Remove dam remnants 

Habitat           

9 Revegetation            1  LS  $               10,000   $ 10,000  Placeholder 

      Construction Subtotal  $ 443,975    

      Contingency (30%)  $ 133,193    

      Project Construction Total  $ 577,168    

Project Delivery Costs           

Project Management (estimated)       $15,000  

Permitting (estimated)       $25,000  

Engineering Design (estimated)       $50,000  

Construction Contract Administration (estimated)     $40,000  

Construction Oversight (Estimated)       $20,000  

Project Delivery Costs Total       $198,200  

Total Project Costs       $775,368  

 

   



1.3 ALTERNATIVE 3: CHANNEL REALIGNMENT 

Construction Bid Items           

No. Item Quantity Unit Unit Cost Total Cost Notes 
Initialization           

1 Mobilization            1  LS  $         38,250.00   $    38,250  
7.5% of other items; includes clearing and grubbing; 
traffic control as necessary 

2 Erosion, Pollution & Water Control            1  LS  $              20,000   $    20,000  misc control activities 

3 Temporary Access Roads            1  LS  $              20,000   $    20,000  
Includes any stabilization necessary along existing 
access road, temporary crossing may be required 

Large Wood & Earthwork           

7 Channel Excavation    20,000  CY  $                    15   $ 300,000  
2 to 3 ft of excavation, estimated, on average - 
conservative approximate estimate, requires design 
survey to fine tune quantities 

6 Large Wood Roughness        100  EA  $                  450   $    45,000  estimated 
6 Misc Bank Stabilization            1  LS  $            100,000   $ 100,000  Placeholder 
8 Milo Lake Dam Removal            1  LS  $              15,000   $    15,000  Remove dam remnants 

Habitat           
9 Revegetation            1  LS  $              10,000   $    10,000  Placeholder 

      Construction Subtotal  $ 548,250    

      Contingency (30%)  $ 164,475    

      Project Construction Total  $ 712,725    
Project Delivery Costs           

Project Management (estimated)       $15,000  
Permitting (estimated)       $25,000  
Engineering Design (estimated)       $75,000  
Construction Contract Administration (estimated)     $40,000  
Construction Oversight (Estimated)       $20,000  

Project Delivery Costs Total       $198,200  

Total Project Costs       $910,925  
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