
Town of Falmouth, Maine 
Request for Proposals 

Casco Bay Frontal Drainage Watershed Management Plan 
 

August 31, 2023 
 
The Town of Falmouth is inviting qualified companies to submit proposals to develop a Casco Bay Frontal 
Drainage Watershed Management Plan.  There will be a mandatory pre-proposal meeting at 2:00pm on 
Wednesday, September 20th, 2023, at Falmouth Town Hall, 271 Falmouth Road, Falmouth, ME (2nd Floor 
Conference Room). Proposals must be submitted no later than 2:00pm on Wednesday, October 4th, 2023.  
 
Purpose and Background 
The Town of Falmouth has a long history of land and water conservation and a steadfast approach to 
land use management. Since the early 1990’s, Falmouth has proactively led the way in protecting natural 
resources and managing land use through the development of various ordinances, watershed 
management plans, planning guides, manuals and also a lake protection leadership team. Most recently, 
in 2018, the Town of Falmouth was awarded a Coastal Communities grant by the Department of 
Agriculture, Conservation, and Forestry (DACF) to develop a “Strategic” Watershed Management Plan 
(WMP) to evaluate the watersheds in Falmouth on a multi-watershed scale. The goal of the plan was to 
provide direction for prioritizing municipal resources in order to protect Falmouth’s watersheds by 
studying current stream health conditions, categorizing needs, and identifying key recommendations for 
all watersheds in Falmouth. 
 
One of the key recommendations that came out of the Strategic Plan was to develop a multi-watershed 
WMP for the four (4) watersheds that drain to Mussel Cove, collectively known as the Casco Bay 
Frontal Drainage basin (as defined by the USEPA). These four watersheds include: • Webes Creek • Norton Brook • Chenery Brook • Mill Creek 
 
The Strategic Plan recommends that Scitterygusset Creek be included in the Casco Bay Frontal Drainage 
WMP as a “nested” watershed. Even though Scitterygusset Creek does not drain directly to Mussel 
Cove, it is an important water body to the Casco Bay basin and is therefore included with this study. 
 
Maine DEP may in the future designate one or more streams in Falmouth as “impaired,” meaning that 
the waterbody does not meet certain water quality criteria or standards. Impaired streams have stricter 
stormwater discharge requirements, which are regulated by the Maine DEP. In addition, the Municipal 
Separate Storm Sewer Systems (MS4) permit that covers Falmouth also has specific requirements for 
“Urban Impaired Streams,” which are waterbodies impaired because of urban development and the 
amount of impervious cover.  
 
Webes Creek and Norton Brook, which are located within Falmouth’s Growth Area, are at the highest 
risk of being listed as Urban Impaired Streams in the future. 
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The proposed “Casco Bay Frontal Drainage Watershed Management Plan” was identified by Town of 
Falmouth staff as a high priority task from the Strategic Plan and is the purpose of this RFP. 
 

 
Figure 1: Falmouth watershed map created by GPCOG 

 
Additional Completed Studies 
The Maine Department of Environmental Protection (DEP) conducted a special study of the four Mussel 
Cove streams (Webes Creek, Norton Brook, Chenery Brook, Mill Creek) from 2017-2019. The study 
was done to support the Strategic Plan. The results and recommendations from this study will be used to 
develop the proposed WMP. A summary of the results can be found in the Falmouth Study Streams 
Stressor Reports, which is included as an attachment to this RFP (Attachment A). 
 
In 2022, the Town contracted with Field Geology Services to complete a geomorphic assessment for the 
four Mussel Cove watersheds (Scitterygusset Creek was not included with this assessment). The 
geomorphic assessment was completed as one of the recommendations in the Strategic Plan and will be 
used as a base line for developing the proposed WMP. A copy of the geomorphic assessment is also 
included as an attachment to this RFP (Attachment B). 
 

Mussel  
Cove 

Study 
Watersheds 
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Base Scope of Work 
Task 1 Review Existing Data 
Review existing applicable data, reports and studies to gain a full understanding of current stream health 
conditions and needs to protect watershed health. At a minimum, the following studies should be fully 
reviewed: 
 • 2021 Falmouth Strategic Watershed Plan • 2022 MEDEP Stream Stressor Reports • 2023 Geomorphic Assessment 
 
Task 2 Rapid Geomorphic Assessment for Scitterygusset Creek 
This task includes developing a rapid geomorphic assessment for Scitterygusset Creek, as it was not 
included in the geomorphic assessment for the four Mussel Cove watershed streams. The results from 
this task will be used in conjunction with the results from the attached 2023 Geomorphic Assessment to 
develop the Watershed Management Plan in Task 3. 
 
Task 3 Develop EPA Nine Element Watershed Management Plan 
Develop a WMP for the four Casco Bay frontal drainage basins (Webes Creek, Norton Brook, Chenery 
Brook and Mill Creek) and the nested watershed of Scitterygusset Creek to identify site-specific 
problems and threats to the water resources. The WMP should follow the EPA “Nine Element Plan” 
standard1, which was developed to address some of the most common obstacles seen in WMPs. These 
include lack of available data for estimated pollution amounts and pollution reductions needed to 
achieve water quality standards.  The goal of a nine-element plan is to provide a measurable context for 
the planning process needed to achieve water quality attainment.  
 
The Nine Element Plan criteria will be used to develop the Casco Bay Frontal Drainage WMP and will 
provide the specific implementation actions necessary to position the Town to be eligible for the highly 
competitive improvement grant funding known as “Section 319” that is administered by Maine DEP, 
through the U.S. Environmental Protection Agency (EPA). 
 
Task 4 Summarize Funding Strategies 
This task includes an analysis and summary of possible funding strategies the Town could pursue, through either 
Federal or State administered grant opportunities, to implement the Watershed Management Plan that is 
developed in Task 3. 
 
Note on Required Meetings 
The consultant is expected to attend all required meetings as necessary to review and discuss project design issues 
and complete the project in a satisfactory manner. While it is unknown how many meetings this project may 
require, it is the Town’s intent to keep these to a minimum. The consultant is expected to interact primarily with 
Town staff but may be asked to present project findings at a Town Council meeting. The consultant shall be 
responsible for preparing and submitting to staff a summary of action items for each of the meetings.  
 
Consultants should include a list of anticipated meetings and state the number of meetings that are included in the 
proposal.  
 

 
1 For a detailed description see https://www.epa.gov/sites/default/files/2015-

12/documents/watershed_mgmnt_quick_guide.pdf  
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1. This RFP is also posted on the Bid section of the Town of Falmouth website at  

http://www.falmouthme.org/current-bids-rfps/pages/current-bids-rfps. 
2. Addenda to this RFP, if any, will be posted on this website under the project heading.  

 
 
Proposal Submittal Requirements 
Proposals shall include the following and shall be organized using each of the required elements as section 
headings: 

A. Firm Description - Provide a brief description of the firm including firm size and area of specialization, 
location of corporate headquarters, potential satellite office proposed to manage this project. 

B. Project Team - Provide names and resumes of key professionals who would be assigned to the project. 
Each team member’s education and experience shall be listed. The project manager shall be clearly 
identified, and a description of their relevant previous projects listed. A list of past relevant projects, 
which proposed project staff have played a central role in developing, shall also be provided.  

C. Statement of project understanding - The consultant shall state in succinct terms their understanding of 
what is required by this Request for Proposal. 

D. Scope of Services/Approach/Schedule - Describe in narrative form the consultant’s approach and 
technical plan for accomplishing the work listed herein. The Consultant is encouraged to elaborate and 
improve on the tasks listed in the RFP. However, the consultant shall not delete any requested scope 
tasks, unless explicitly noted. The Consultant shall submit a proposed schedule for completing the scope 
of work. 

E. Project budget - The consultant shall provide a total project cost stated as a firm, all-inclusive, fixed fee. 
Hourly rates for project staff shall also be provided.  

F. References - The consultant shall provide three (3) references, including current contact name and phone 
number for similar projects. 

 
Submission format 
One (1) digital copy of the proposal must be submitted via e-mail or USB flash drive.  
 
Environmental Sustainability Policy 
Bidders are asked to view the Town of Falmouth’s environmentally preferable procurement policy (See Section 
XI) and demonstrate how their proposal will support the policy by describing environmentally-preferrable 
attributes of the products and services to be purchased. Bidders are also encouraged to highlight company-wide 
environmental sustainability policies and practices (examples of environmental sustainability are outlined in the 
Town of Falmouth’s Sustainable Business Recognition Program). 
 
Evaluation Criteria 
Proposals will be evaluated according to the following: 

1. Responsiveness to the submission requirements.  
2. Qualifications of firm and project team members. Particular attention will be given to the experience and 

demonstrated ability of the project manager to proactively complete all project tasks on time and within 
budget.  

3. Previous related work on Arterials/Collectors and pedestrian infrastructure design within the State of 
Maine.  

4. Understanding of required project work. 
5. Proposal price.  

 
Consultant Selection 
The Town, at its discretion, may select a firm outright or select a finalist(s) for in-person interviews.  
 



5 | P a g e 
 

The Town reserves the right to negotiate directly with the firm selected for additional project work at the hourly 
rates shown in the proposal submitted in response to this RFP. 
 
Mandatory Pre-Proposal Meeting 
All prospective bidders are required to attend a pre-proposal meeting to review the project requirements and be 
able to ask questions. This meeting is scheduled for 2:00pm on September 20th, 2023, at Falmouth Town Hall, 
271 Falmouth Road, Falmouth, ME (2nd Floor Conference Room). Prospective bidders are asked to pre-register 
for the pre-proposal meeting. Contact Justin Early at jearly@falmouthme.org to register. 
 
Deadline for Submissions 
All responses to this Request for Proposals must be received by the Town of Falmouth no later than 
2:00pm on Wednesday, October 4th, 2023.  
 
Proposals should be sent to: Justin Early, Assistant Public Works Director/Town Engineer, Town of Falmouth, 
101 Woods Road, Falmouth, Maine 04105, jearly@falmouthme.org.  Proposals shall be labeled “RFP – Casco 
Bay Frontal Drainage Watershed Management Plan.” 
  
Questions 
All proposers will have an opportunity to ask questions at the mandatory pre-proposal meeting. Additionally, 
questions can be directed to Justin Early, Assistant Public Works Director/Town Engineer, 
jearly@falmouthme.org with the subject – “Casco Bay Frontal Drainage WMP – RFP”.  Only written questions 
regarding this Request for Proposals will be considered – e-mail format preferred. No phone calls please. 
Addenda for potentially interested bidders will be provided as necessary and posted on Town’s “bid” web page 
https://www.falmouthme.org/current-bids-rfps/pages/current-bids-rfps. 
 
Acceptance of Proposals 
No proposals will be accepted from firms that do not attend the mandatory pre-proposal meeting. In the case of 
team proposals, a minimum of one member per team shall attend the mandatory pre-proposal meeting. 
 
The Town of Falmouth reserves the right to accept or reject any or all proposals for any reason, to negotiate with 
any individual or firm and to select one or more of the proposals.  
 
Agreement 
The Town’s standard consultant agreement follows as an attachment (Attachment C). 
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Background 

During the field seasons of 2017, 2018 and 2019 the Maine 

Department of Environmental Protection’s Watershed Unit 

conducted a special study of several streams in Falmouth, 

Maine – Norton Brook, Webes Creek, Mill Creek, Chenery 

Brook, Scitterygusset Creek and Hobbs Brook. The special 

study was in support of the “Falmouth Proactive Watershed 

Management” Coastal Community Grant Project awarded to 

the Greater Portland Council of Governments. All of the study 

stream watersheds except Hobbs Brook are in Falmouth’s high 

growth coastal area. All the streams except Scitterygusset Creek 

and Hobbs Brook drain to Mussel Cove. The coastal streams 

were chosen for special study due to their location in an area 

with continuing development pressure, and the likelihood of 

threat to stream health. Hobbs Brook was chosen due its water 

quality impairment. While Scitterygusset Creek underwent 

preliminary study, an individual watershed report has not been 

completed and therefore the creek is not included in several 

tables and sections in this report. 

 

Following is a summary of the study stream monitoring and assessment. Detailed information of the 

study methods and findings are available in the Falmouth Stream Stressor Report Individual Watershed 

Reports (January 2022).  The Individual Watershed Reports and this Summary Report were finalized in 

January 2022, with the only substantive changes from the drafts released in early 2020 being the 

inclusion of Hobbs Brook in the Individual Reports and addition of some information about 

Scitterygusset Creek in this Summary Report. 

 

Desktop Assessment Summary 

DEP conducted a GIS desktop analysis to determine the characteristics of each study stream and its 
watershed, including stream length, watershed size, percent impervious cover and stream channel 
gradient. See Table 1 for summary characteristics. Overall, the streams are low gradient, with the 
exception of various portions of Mill Creek. The streams have varying lengths, watershed sizes and 
impervious cover. Norton Brook, Webes Creek and Scitterygusset Creek all have impervious cover 
percentages over the 10% threshold when watersheds show signs of stress. The Norton Brook 
watershed has seen the greatest increase in percent impervious cover since 2004, growing from 9% 
to 16%. Webes Creek continues to have a very high percent impervious cover at 35%.  
 
 
 
 
 
 
 

Norton Brook  
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                         Falmouth Stream Stressor Report Summary  

Table 1. Study Stream Characteristics 

Stream 
Length 
(miles) 

Watershed 
Size 

(acres) 

Impervious Cover 
(%) Stream Gradient 

2004 2018 

Norton Brook 2.0 510 9% 16% Low gradient (0.6%-1.1%) 
Webes Creek 0.7 337 29% 35% Low gradient (0.2%-1.1%) 
Chenery Brook 4.0 1300 7% 8% Low gradient (0.3%-1.3%) 
Mill Creek 3.7 3485 5% 6% Varied (0.1%-7.3%) 
Scitterygusset 
Creek 

1.8 496 12% 15% Varied (0.3%-3.1%) 

Hobbs Brook 1.5 1447 Not calculated 

Webes Creek 
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                         Falmouth Stream Stressor Report Summary  

 Figure 1. Falmouth Watersheds and Stream Monitoring Locations. 
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                         Falmouth Stream Stressor Report Summary  

Field Surveying and Monitoring Methods 

DEP deployed continuous monitoring devices (recording readings every 15 minutes) for 
temperature, dissolved oxygen and specific conductance in Norton Brook for several weeks during 
the summer in 2017. In 2019, DEP deployed these devices in Webes Creek, Mill Creek, Chenery 
Brook and Hobbs Brook. See Figure 1 for monitoring locations and watershed boundaries town-
wide and Figure 2 for watershed boundaries, monitoring and surveying locations for the coastal area 
streams. 
 
Comprehensive stream walks were conducted on Norton Brook in 2018 and Webes Creek in 2019. 
These surveys consisted of walking most of the stream, documenting stream habitat, form and 
function conditions, taking instantaneous temperature, dissolved oxygen and specific conductance 
readings, and taking photos.  
 
A conductivity screening was conducted on Scitterygusset Creek in 2019. This survey consisted of 
walking major portions of the stream, taking specific conductance readings periodically and taking 
notes and photos.  
 
Screening surveys at stream crossings and in accessible sections of stream were conducted on 
Chenery Brook and Mill Creek in 2019. These surveys focused on habitat, form and function 
conditions and conductivity readings.  
 
DEP deployed and retrieved macroinvertebrate rock bags in Norton Brook during the summer of 
2017 and in Mill Creek, Chenery Brook and Hobbs Brook in 2019.  See Table 2 for a summary of 
DEP study stream monitoring. 
 
Table 2. Water Quality Monitoring Summary Table 

Stream 
Continuous Water 
Quality Monitor 

Instantaneous 
Readings 

Macroinvertebrate 
Rock Bag Sampling 

Norton Brook 2017 – Temp, DO, SPC 2018 stream walk – 
Temp, DO, SPC 

2002, 2017 

Webes Creek 2019 – Temp, DO, SPC 2019 stream walk – 
Temp, DO, SPC 

(2019 samples not 
analyzed since buried at 
retrieval) 

Chenery Brook 2019 – Temp, DO, SPC N/A 2019 
Mill Creek 2019 – Temp, DO, SPC N/A 2019 
Scitterygusset 
Creek 

N/A 2019 stream walk – 
Temp, SPC 

N/A 

Hobbs Brook 2019 – Temp, DO, SPC N/A 2019 
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Figure 2. Coastal Study Stream Watersheds and Survey and Monitoring Locations. 

Survey and Monitoring Locations for 
Coastal Study Streams 

Mussel 
Cove 



 
Maine Department of Environmental Protection                                                                                        

 

 

 

6 

 

                         Falmouth Stream Stressor Report Summary  

Survey and Monitoring Results Summary 

DEP analyzed the stream temperature, dissolved oxygen and specific conductance data collected for 
each of the study streams. Riparian and habitat condition was determined for locations visited 
during the stream surveys, supplemented with information from available aerial photographs. 
Results are summarized in Table 3 below. 
 
Dissolved oxygen readings at Norton Brook and Webes 
Creek during the study period were not of concern. Mill 
Creek had low dissolved oxygen (diurnally to below 5 
ppm, with one instance as low as 3.5 ppm) during times 
of low flow. Chenery Brook had dissolved oxygen swings 
of 2.0 to 3.5 ppm, indicating the low nighttime dissolved 
oxygen was a result of algal respiration from significant 
algal production. Hobbs Brook had low dissolved oxygen 
(values as low as 3.3 ppm and an average of 5.8 ppm) and 
diurnal swings regularly around 2 ppm, indicating 
bacterial and algal respiration. 
 
Specific conductance is a proxy for chloride and when 
high during low flow conditions indicates contamination 
of groundwater. During the dry weather study period, 
Webes Creek had high specific conductivity readings 
(swings between 700 μs and 1200 μs, and short-term 
spikes as high as 2,600 μs). Specific conductance was low 
in Mill Creek (maximum of 320 μs) and Hobbs Brook 
(maximum of 210 μs) and moderately low (400 μs to 500 
μs) in Chenery Brook. In Norton Brook, specific 
conductance was moderately low at the continuous 
monitoring site (average 486 μs) but high readings (1250 
μs, 830 μs) were recorded at different locations during 
the stream walks, indicating portions of the groundwater sources are contaminated.  
 
For much of the time that continuous monitors were deployed, temperatures in Hobbs Brook were 
high (mean of 20˚C and maximum 28˚C) and in Chenery Brook were moderately high during the 
daytime (exceeding 20˚C, with spikes over 24˚C) at the monitoring location. Overall temperatures 
were good at the other study streams, though Webes Creek was found to be periodically warm (up 
to 22 ˚C) during storm events and Mill Creek was warm (up to 23 ˚C) during times of high air 
temperature and low flow.  

Hobbs Brook –  HB-1 

Monitoring Location 
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                         Falmouth Stream Stressor Report Summary  

The condition of most of the riparian corridor of the study streams is generally natural and is either 
forested, shrub-scrub, meadow floodplain, or invasive plants. Exceptions are road crossings and 
areas where development encroaches and agricultural areas 
without buffers along Hobbs Brook.  
 
Instream habitat is in good shape and mostly natural for much of 
the nontidal portions of Mill Creek. Sand substrate is not stable 
and is likely altered during large runoff events in Norton Brook 
and Webes Creek. Chenery Brook and Hobbs Brook have very 
little habitat variation. Low flows during dry periods are of 
concern for all the streams. 
 
The 2019 macroinvertebrate sampling results of Mill Creek, 
Chenery Brook and Hobbs Brook are not available at the time of 
this report. The rock bags deployed at Webes Creek could not be 
analyzed since they were buried in the sandy substrate at retrieval. 
This extreme movement of sand however suggests that the 
community is likely impaired. Norton Brook macroinvertebrate 
sampling in 2002 and 2017 did not meet Class B standards, 
indicating they are impaired. 
 
Table 3. Survey and Monitoring Results Summary Table 

Stream 
Dissolved 
Oxygen 

Specific 
Conductance 

Temperature 
Riparian 
Condition 

Habitat 
Condition 

Biological 
Condition 

Norton Brook Good At risk: 
Moderately 
low, with high 
locations 

Good Mostly 
forested 

Unstable 
substrate 

Did not 
meet Class B 
standards 
(2002 & 
2017) 

Webes Creek Good High Periodically 
warm with 
storm events 

Mostly 
shrub-scrub 
and invasive 
plants 

Unstable 
substrate 

Likely 
impaired 

Chenery 
Brook 

Diurnal 
swings 

Moderately 
low 

Warm Forested, 
shrub-scrub, 
meadow 
floodplain 

Lack of 
habitat 
variation 

Unknown 
(2019 
samples 
TBD) 

Mill Creek Low at 
times of 
low flow 

Low Generally 
good, though 
fluctuates 
with air 
temperature 
during low 
flow 

Mostly 
forested 

Mostly 
Natural 

Unknown 
(2019 
samples 
TBD) 

Hobbs 
Brook 

Impaired: 
Low & 
diurnal 
swings 

Low High Mostly 
agricultural 

Lack of 
habitat 
variation 

Unknown 
(2019 
samples 
TBD) 

Chenery Brook – Railroad 
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Stream Stressors Summary 

Using the watershed characterization, survey information 
and monitoring data, DEP conducted a preliminary 
assessment to determine the likely current and potential 
future stressors to the biological community, as well as 
their impact to the Mussel Cove ecosystem or to other 
downstream waters. See Table 4 for a summary of the 
stream stressors, and the Individual Watershed Reports for 
discussion of each stressor and stream.  
 
 
 
 
 
 
 
 
 
Table 4. Stream Stressors Summary Table 

Stream Current Stressors 
Potential Future 
Stressors 

Impact to Mussel 
Cove or Downstream 
Waters 

Norton Brook • Frequent disturbance of 
substrate 

• Very low baseflow 

• Baseflow chloride 
toxicity 

• Possible nitrogen 
source 

Webes Creek • Frequent disturbance of 
substrate 

• Baseflow chloride toxicity 

• Very low baseflow 

• Likely nutrient, heavy metals, 
and hydrocarbons 

• Increase of current 
stressors 

• Possible nitrogen 
source 

• Possible heavy metal, 
hydrocarbon source 

Chenery 
Brook 

• Lack of habitat and flow 
diversity 

• Low baseflow velocities 

• Diurnally depressed 
dissolved oxygen 

• Baseflow chloride 
toxicity 

• Frequent disturbance of 
substrate 

• Possible nitrogen 
source 

Mill Creek • Very low baseflow 

• Diurnally low dissolved 
oxygen 

• Baseflow chloride 
toxicity 

• Possible nitrogen 
source 

Hobbs Brook • Low dissolved oxygen 

• Diurnally low dissolved 
oxygen 

• Lack of habitat diversity 

• Increase of current 
stressors 

• Possible phosphorus 
and nitrogen source 

 

Mill Creek 
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Management Implications Summary 

 
DEP considered each individual streams’ current stressors and likely future stressors due to 

watershed land use and zoning. Using this information, DEP identified which types of land use, 

activities or conditions should be prioritized for each watershed (see Table 5). The appropriate types 

of management strategies were then identified for each streams’ major stressors and land use (see 

Tables 6 & 7). Management strategies included stormwater management, resource protection and 

restoration and further monitoring.  

 

Table 5. Potential Future Land Use Threats 

Stream 
Concentrated 
impervious areas 

Salted 
parking lots  

Nutrient runoff 
from 
agriculture 

Concentrated runoff from 
high density residential 
development 

Norton Brook X X   
Webes Creek X X   
Chenery 
Brook 

X X X X 

Mill Creek X X X X 
Hobbs Brook   X X 

 
 
Table 6. Stormwater Management Strategies to Address Stream Stressors 

Stream Stormwater Management 

 

Concentrated 
impervious 
area runoff 
strategies: 
provide secure 
runoff storage 

Salt impact 
reduction 
strategies: 
design to 
minimize salt 
need; infiltrate 
salt-free runoff 

Commercial 
nitrogen runoff 
strategies: use 
effective N-
removal BMPs; 
minimize 
fertilizer use 

Residential 
runoff strategies: 
design to 
encourage 
unconcentrated 
flow; protect 
natural 
drainageways 

Agricultural 
runoff strategies: 
incorporate 
manure 
management; 
runoff to natural 
buffers; minimize 
soil loss 

Norton Brook X X X X  
Webes Creek X X X X  
Chenery 
Brook 

(X) (X) (X) X X 

Mill Creek (X) (X) (X) X X 
Hobbs Brook (X) (X) (X) X X 

(X) = If zoning is altered to allow significant development of this type, these practices should be considered. 
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Table 7. Additional Management Strategies to Address Stream Stressors 

Stream 
Resource Protection 
and Restoration 

Further Assessment Needs  

 

Protect 
riparian 
corridor, 
including 
tributaries 

Instream 
habitat 
enhancement 

Fluvial 
geomorphologica
l assessment 

Culvert 
evaluation 

Stormwater 
infrastructure 
assessment 

Biological 
and/or 
Water 
quality 
monitoring 

Norton 
Brook 

X X X X X X 

Webes 
Creek 

X X X  X X 

Chenery 
Brook 

X X    (X) 

Mill Creek X     (X) 
Hobbs 
Brook 

X X    (X) 

(X) = Conduct monitoring as needed after macroinvertebrate sample results are available, and/or as 
conditions change due to new development in the watershed. 
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Background 

During the field seasons of 2017, 2018 and 2019 the Maine Department of Environmental 

Protection’s (DEP) Watershed Unit conducted a special study of several streams in Falmouth, Maine 

– Norton Brook, Webes Creek, Mill Creek, Chenery Brook, Scitterygusset Creek and Hobbs Brook. 

The special study was in support of the “Falmouth Proactive Watershed Management” Coastal 

Community Grant Project awarded to the Greater Portland Council of Governments. Four of the 

study streams drain to Mussel Cove – Norton Brook, Webes Creek, Chenery Brook and Mill Creek. 

These stream watersheds are in Falmouth’s high growth coastal area and were chosen for additional 

study due to their location in an area with continuing development pressure, and the likelihood of 

threat to stream health. Hobbs Brook was chosen for study due its water quality impairment. 

Scitterygusset Creek is a coastal stream that drains to the Presumpscot River and underwent 

preliminary study, but an individual watershed report has not been completed. Mussel Cove did not 

undergo additional study as a part of this project, but the DEP Marine Unit provided an analysis of 

the embayment for this report. 

 

Following is detailed information of the surveying, monitoring and assessment methods and findings 

of this special study of Mussel Cove tributaries and Hobbs Brook, along with a discussion of known 

data on Mussel Cove. The information in this report is summarized in the Falmouth Stream Stressor 

Report Summary (January 2022). The Summary Report and this Individual Watershed Report were finalized 

in January 2022, with the only substantive change from the drafts released in early 2020 being the 
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addition of some information about Scitterygusset Creek in the Summary Report and the addition of 

the Hobbs Brook Watershed Report to this report. 

 

 

Mussel 
Cove 

Figure 1. Coastal Area Study Stream Map: Watersheds and Surveying and Monitoring Locations. 
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Mussel 
Cove 

Figure 2. Coastal Area Study Streams Gradient Map. 
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Norton Brook 

Norton Brook is a 2.0 mile long stream that drains south from a forested wetland behind the Seafax 

property on the west side of Route 1 in Cumberland.  It crosses to the east side of Route 1 just 

south of Casco Bay Drive, and parallels Route 1 as it flows south to its junction with Mill Creek 

behind the Protection Professionals property in Falmouth.  It is a free-flowing freshwater stream 

except for the last 500 feet which are at times brackish due to tidal influences.  

Watershed Characterization 
 
The Norton Brook watershed is split between the towns of Cumberland and Falmouth, with the 
upper third of the 510-acre watershed area in Cumberland and the remainder in Falmouth.  Since 
the western boundary of the watershed is a ridge line between interstate 295 and Route 1, the area 
west of Route 1 accounts for only 25% of the watershed.  The majority of the watershed drains the 
west side of the hills between Route 1 and Route 88. 
The watershed is mostly forested but 
contains 80 acres of impervious cover 
(15.8% IC, 2018 estimation) as well as the 
landscaped areas associated with the 
impervious cover.  Much of the impervious 
cover is associated with commercial, office, 
storage, light industrial and multifamily 
residential land use along the Route 1 
corridor and in the Northbrook Drive 
Business Park.  The remaining impervious 
cover is single family residential 
development along and off of Johnson 
Road and Casco Bay Drive, as well as the 
western portions of some subdivision 
development accessed from Foreside Road.  
In 2004 the impervious cover in the 
watershed was only 47.6 acres (9.3% IC), so 
about 40% of the impervious cover was 
constructed within the last 15 years. Norton Brook- 

Reach NR1 



 
Maine Department of Environmental Protection                                                                                        

 

 

 

5 

 

          Falmouth Stream Stressor Individual Watershed Reports  

 
 



 
Maine Department of Environmental Protection                                                                                        

 

 

 

6 

 

          Falmouth Stream Stressor Individual Watershed Reports  

Geologic and Topographic Setting 
 
Bedrock Geology, Surficial Geology and Soils.  The valley in which Norton Brook lies is bounded 
by two metamorphic bedrock ridges, the Richmond Corner Formation on the west and the Torrey 
Hill Formation on the east.  The bedrock base of the valley is the more easily eroded metamorphic 
rocks of the Hutchins Corner Formation.  The western ridge is covered with a thin layer of glacial 
till, and the east ridge and the most northern portion of the valley are covered with reworked 
terminal moraine deposits of sand and silt which are shallow to bedrock on the top of the ridge.  
The southern portion of the valley is overlain with marine clay sediments of the Presumpscot 
Formation.  The soils reflect the surficial geology with shallow till soils on the western slope, sandy 
soils on the eastern slope, silt loam soils in much of the stream corridor and, on the lower portion of 
the eastern slope, coarse loamy soils overlying silt loam soils. 
 
Stream Gradient and Substrate.  With the exceptions of a short ledge drop just upstream of 
Northbrook Drive and the most upstream reach from the Casco Bay Drive crossing to just below 
the Route 1 crossing, Norton Brook is a low gradient stream with channel slopes ranging from 0.6% 
to 1.1%.  This is not surprising given that much of the channel sits on Presumpscot Formation 
marine clay covered with varying amounts of alluvial sands and silty sands.  In the upper reaches, 
where the stream runs through coarser soils the substrate is a combination of sands, silty sands, 
gravel and some cobbles, particularly in the headwater reach. 
 
Riparian Condition 
 
Despite Norton Brook’s proximity to Route 1 and the concentration of commercial development to 
the south, nearly the entire riparian corridor of the stream is forested.  South of Johnson Road and 
north of the Friends School of Portland, the vegetation is relatively mature upland mixed growth 
forest.  Along the lowest gradient stretches from just downstream of Johnson Road up to the 
Friends School the brook flows in and out of riparian floodplain wetlands of red maple, alder and 
both native and invasive shrubs.  Except near the five stream crossings (Northbrook Drive, Johnson 
Road, the Friends School entrance, Falcon Drive and Route 1), the forest on the east side of the 
stream extends uninterrupted 300 to 1,000 feet up the slope.  On the west side the width of the 
forest cover can drop to 50 feet or less adjacent to the commercial and business development along 
Route 1. 
 
Habitat 
 
Reach NRT.  Starting at the confluence with Mill Creek, the first 400 feet or so of Norton Brook is 
tidal.  The substrate is principally silty sand on marine clay.  The channel is somewhat incised as is 
typical in tidal reaches.  There is some woody debris, but no debris dams. 
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Reach NR1.  This low gradient reach 
extends from head of tide about 1000 
feet upstream to Northbrook Drive.  
The substrate is sand or silty sand with 
many meander bars and sand deltas at 
the outlets of two intermittent tributaries 
that drain gullies on the east side of the 
watershed.  There is a large debris dam 
near the lower end of the reach which 
provides some habitat complexity both 
in substrate and velocity.  In the stretch 
between the two tributaries a large 
abandoned culvert that provided the 
stream crossing for a discontinued road 
lies parallel to the stream in the stream 
channel.  This restriction and the likely 
heavy stormflows from the upstream 
tributaries that drain most of the 
Northbrook Business Park has resulted 
in severe erosion of the western bank of 
Norton Brook, thus contributing more 
sand to the downstream deltas and bars.  
The DEP macroinvertebrate monitoring 
station is located just downstream of this 
tributary.  It is apparent that the sand substrate in this reach is not stable and is likely altered during 
large runoff events.    
 
Reach NR2.  This very high gradient 330 foot reach extends from Northbrook Drive to the top of 
the ledge drop cascade.  The substrate just upstream of the road crossing is a mixture of sand, gravel 
and cobble.  The substrate in the cascade is ledge and boulders with some cobbles and gravel. 
 
Reach NR3.  Reach 3 extends from the top of the ledge drop 1550 feet upstream to the Johnson 
Road Crossing.  It is mostly a low gradient reach with a substrate of sand and silty sand and some 
woody debris.  A large intermittent tributary draining residential development along and accessed 
from Johnson Road enters about a third of the way up the reach.   
 
Reach NR4.  This meandering, very low gradient 4,000 foot reach extends from Johnson Road to 
the Friends School.  The substrate is sand and silty sand.  Woody debris provides limited habitat and 
flow diversity.  Because of the low gradient, baseflow velocity in the long runs is very low in this 
reach. 
 
Reach NR5.  Reach 5 extends 2,000 feet from the Friends School upstream past Falcon Drive to a 
relatively new double culvert crossing 300 feet downstream of Route 1.  The reach has moderately 
low gradient with substrate of sand and gravel with some cobbles.  The channel is slightly incised 
with undercut banks in some places.  The volume of baseflow is very limited because of the small 
contributing drainage area. 

Norton Brook - Reach NR1 



 
Maine Department of Environmental Protection                                                                                        

 

 

 

8 

 

          Falmouth Stream Stressor Individual Watershed Reports  

Reach NR6.  This high gradient 1,150 foot reach extends from the top of Reach 5 under Route 1 
upstream to Casco Bay Drive.  Substrate in the steepest parts of this reach is boulder and cobble, 
with a mixture of cobble, gravel and sand in lower gradient sections. 
 
All reaches.  All reaches except 2 and 6 showed at least some indication of unstable substrate, 
particularly Reach 1.  Observations of Norton Brook during periods of little precipitation indicate 
that the volume, and in runs and pools the velocity, is very low, thus limiting both the amount and 
quality of available habitat. 
 
Stream Crossings/Culverts.  Three of the six 
road crossings (Johnson Road, Friends 
School and the double culvert downstream 
of Route 1) are hanging culverts that likely 
prevent upstream migration of fish except 
during very high flows.  While the culvert 
under Falcon Drive is not hanging, flow of 
water over the broad concrete apron is so 
shallow during low to moderate flow that 
upstream passage is unlikely.  Except in very 
low flow conditions, upstream passage is 
possible for the two remaining crossings – 
Northbrook Drive and Route 1. 
 
Water Quality 
 
Temperature.  Temperature was measured at 
Site NB-1 with a continuous data logger at 
the biomonitoring station August 1, 2017 to August 30, 2017, coincident with the period of 
deployment rock bag artificial substrates to monitor the macroinvertebrate community.  The logger 
took measurements every 15 minutes.  Temperature ranged from 13.1˚ C to 19.9˚ C with an average 
of 17.0˚ C. 
 
Dissolved Oxygen.  Dissolved oxygen (DO) was measured at Site NB-1 with a continuous data 
logger at the biomonitoring station August 1, 2017 to August 30, 2017, coincident with the period of 
deployment rock bag artificial substrates to monitor the macroinvertebrate community.  The logger 
took measurements every 15 minutes.  During this period DO concentration averaged 8.13 ppm 
with a minimum of 6.93 ppm.  Percent saturation averaged 83.8% with a minimum of 72.5%.  The 
diurnal variation in DO concentration was minimal, suggesting there was very little loss of oxygen 
due to algal respiration in this reach of the stream.  This could be due to the fact that the stream is 
shaded by intact riparian cover, to a lack of sufficient nutrients to support significant algal 
production or to a combination of these factors.  The period of time, only 0.6%, when DO 

Norton Brook Johnson Road 

C i  
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concentration was below the 7.0 ppm standard for Class B streams was limited to the first night 
after deployment, and it only 
dropped to 6.93 ppm.   
 
Daytime DO readings taken 
at 26 points in the stream 
during the July 11, 2018 
stream walk with very low 
stream flow showed only 4 
instances of concentrations 
less than 7.0, with the lowest 
readings being just 
downstream of the wetland 
source of the stream above 
Casco Bay Drive and in the 
tidal reach just above the 
confluence with Mill Creek. 
 
Specific Conductance.  Specific conductance (SPC) was measured at Site NB-1 with a continuous 
data logger at the 2017 biomonitoring station August 1, 2017 to August 30, 2017, coincident with 
the period of deployment rock bag artificial substrates to monitor the macroinvertebrate 
community.  The logger took measurements every 15 minutes.  During this period SPC ranged from 
110 μs to 558 μs, with an average of 486 μs and a median value of 488 μs.  During this period, there 
was very little precipitation and the stream was at low baseflow most of the time.  Nearly all of the 
lowest readings (<300 μs) occurred during and shortly after a half inch rain event on August 18.  
This pattern of higher conductivity during baseflow than during storms indicates that many of the 
ions contributing to the conductivity are in the groundwater.  In urban and urbanizing streams, the 
most likely culprit is chloride because of the high amounts of deicing salts that are applied in the 
watershed and the fact that, unlike most other ions, chloride is not attenuated in the soil. 
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Specific conductance was also measured at 26 sites during the 2018 stream walk.  At this time the 
stream was at a very low baseflow, with most of the flow derived from groundwater.  Starting in the 
headwaters at Casco Bay Drive the SPC is 900+ μs, reflecting significant chloride contamination of 
the groundwater from adjacent parking lots and dense residential development.  Just downstream of 
Route 1 SPC jumps to 1250 μs due, no doubt, to the influence of deicing salts on the groundwater 
adjacent to the highway.  Approximately 300 feet downstream of Route 1 a tributary draining the 
more lightly developed east side of the upper watershed joins the mainstem.  SPC in the mainstem 
above the confluence is still very high at 1170 μs, but below it drops to 750 μs, reflecting dilution of 
the Route 1 impact by low chloride tributary water.  SPC remains in this range for 3000+ feet 
despite the fact that the stream is at times very close to Route 1.  This is probably due to the fact 
that tributaries and springs from the lightly developed and comparatively large east side of the 
watershed are continuing to provide dilution of the Route 1 salt impact.   At the point where the 
Route 1 culvert draining the Scir `x Pharmacy development and the west side of Route 1 discharges 
into Norton Brook the SPC jumps to 830 μs and stays in the 800s downstream to Northbrook 
Drive.  The higher conductance in this stretch is likely due to the density of commercial 
development along Route 1 as well as residential development along Johnson Road.  Downstream of 
Northbrook Drive SPC drops to +/- 600 and stays there until head of tide where it rises 
dramatically near the confluence with Mill Creek. 
 
Biological Condition 
 
The macroinvertebrate community in Norton Brook has been sampled using rock bags on two 
occasions.  The first was in August of 2002 at a site just upstream of Johnson Road (Site 639).  The 
second was in August of 2017 at a site approximately 450 feet downstream of Northbrook Drive 
(Site 1126).  In Maine’s statutory Water Classification Program (38MRSA§465) Norton Brook is 
classified as a Class B stream.  Evaluation of the composition and structure of the community 
collected in both sampling events indicated that the community failed to meet the narrative 
biological criteria for Class C streams, let alone for Class B.  Additional evaluation of the taxa 
present in these two events gives some indication of the reasons for the impairment. 
While neither the 2002 nor the 2017 community met minimum biological criteria, the 2002 sample 
contained more individuals and a higher diversity of taxa than the 2017 sample.  The 2002 Johnson 
Road sample suggested a community with habitat limitations, particularly low baseflow velocity with 
little water exchange, but did not suggest that the habitat was unstable.  The 2017 sample below 
Northbrook Drive had considerably fewer taxa, and the taxa present suggested the habitat/substrate 
was unstable and subject to frequent physical alteration.  This was confirmed by the fact that one of 
the rock bags was completely covered with sand.  Under these conditions taxa that have very short 
life cycles make up a large portion of the community.  The composition of the community also 
suggested that low baseflow velocity was a likely issue.  Neither sample showed signs of toxicity or 
low dissolved oxygen stress, as both contained taxa that are not usually present under those 
conditions. 
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Likely Stressors to the Biological Community 
 
Both the continuous monitoring data and discrete measurements collected during the stream walk 
for temperature and dissolved oxygen indicate that neither are likely to be stressors to the biota in 
Norton Brook.  The cool water (maximum temperature of 19.9 degrees C) and dissolved oxygen 
that only rarely dropped below 7 ppm suggest good conditions for both the macroinvertebrate and 
fish communities. 
 
Current Stressors 

• Frequent disturbance of the substrate.  Both the habitat assessment during the 2018 stream walk 

and the composition of the macroinvertebrate community point to frequent disturbance of 

the sandy substrate as the most important current stressor to the biota in Norton Brook.  

When substrate sediment is relocated in every large storm event, it is difficult for the taxa 

living in and on the sediment to avoid being washed downstream.  As a result, the taxa that 

are most abundant in the remaining community are ones with short life cycles that can re-

establish themselves quickly after a significant runoff event.  Taxa with annual life cycles 

(only one generation per year) like mayflies, stoneflies and caddisflies have a hard time 

maintaining themselves in these conditions. 

The fact that imperviousness in the watershed has increased dramatically in the last two 
decades, and that much of the runoff from impervious areas is delivered very efficiently to 
the stream with no or limited detention may explain why this stressor appears to be 
dominant in Norton Brook. 

• Very low baseflow.  Norton Brook has a very small ground watershed, so during the extended 

periods of little or no precipitation that have been typical of the last five summers, and also 

of the summers of 2001, 2002, and 2003 the flow in the stream gets very low.  This is no 

doubt exacerbated by the sandy composition of much of the stream’s substrate, which allows 

significant hyporheic flow (flow through the substrate) thus further reducing surface flow 

over the substrate.  In summers without long periods of droughty weather, the biological 

community may fare better than it has in the relatively dry summers of 2002 and 2017. 

Future Stressors 

• Baseflow chloride toxicity.  The specific conductance measurements below Northbrook Drive 

(450 to 600 μs) where the 2018 macroinvertebrate samples were collected do not suggest 

that baseflow chloride toxicity was a significant stressor on that community.  Generally 

speaking, when SPC exceeds 900 μs it is likely the threshold of chronic toxicity for chloride 

(230 mg/l) has been exceeded.  Between Northbrook Drive and Falcon Drive, SPC ranges 

from 750 to 850, dangerously close to the threshold.  Above and below the Route 1 crossing 

SPC is between 900 and 1250, suggesting that baseflow chloride toxicity may be currently 

impairing the macroinvertebrate community in that reach.  At the very least, there is a high risk 

that baseflow chloride toxicity could become a significant stressor if future development of the watershed does 

not address groundwater contamination with deicing salts. 
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Stressors associated with downstream watersheds – Mussel Cove 

• Nitrogen.  Norton Brook is a tributary to Mill Creek which in turn drains to Mussel Cove.  As 

discussed in the stressor report for Mussel cove, nitrogen is the limiting nutrient for algal 

production in the Cove and there is abundant habitat in the Cove for macroalgae.  While 

limited nitrogen data does not currently indicate elevated levels in the Cove, periodic high 

levels of fecal bacteria suggest the types of stormwater sources that would also discharge 

nitrogen are draining to the cove.  There is the potential, given the available habitat, for 

eutrophication of the cove, including depressed oxygen levels.   

Management Implications 
 
Future Land Use.  Addition of any of the following land uses to the Norton Brook watershed has 
the potential to exacerbate the impairments to the stream’s biota: 

• Concentrated impervious areas (i.e. commercial, business, institutional, multiunit residential) 

where stormwater runoff is not distributed, intentionally or otherwise, over adjacent 

pervious buffer areas or otherwise attenuated by effective, well maintained channel 

protection detention storage. 

• Any new impervious area that has deicing salts regularly applied to it, particularly parking 

lots, especially if the meltwater runoff is allowed to infiltrate into the groundwater. 

Low density, single family residential development will have significantly less potential impact 
because it is not likely to discharge as much runoff or use as much salt as the above listed uses. 
 
Stormwater Management.  The following types of stormwater management practices should be 
required for any new regulated development and prioritized for retrofit of existing development in 
the Norton Brook watershed: 

Commercial, Institutional, Office, Multi-family Residential 

• Provide secure (no infiltration potential) channel protection storage of at least the first 1.5 

inches of runoff from parking, driveways and sidewalks where deicing salts are applied, such 

that the volume stored is discharged over a period of no less than 24 hours and no more 

than 72 hours.  Provide additional storage for very large, low frequency events (i.e. 2, 10 and 

25 year storms).  To the greatest extent possible discharge this storage, at least from 

meltwater events, directly to the stream in order to avoid contamination of groundwater with 

chloride.  Requiring this type of flow mitigation on new development is essential to 

preventing further degradation of the stream’s habitat.  Retrofitting it into existing 

development where feasible will reduce the stream’s primary current stressor (frequent 

disturbance of substrate) and allow some recovery of the biological community. 

• Encourage practices and design principles that minimize the use of deicing salts such as 

roofed or under-business parking, heated sidewalks and driveways, and compact parking 

schemes. 

• Infiltrate as much salt-free roof runoff as possible. 
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• For new development, implement BMPs that provide effective nitrogen removal, particularly 

if they are treating landscaped and high traffic areas. 

• Minimize the use of fertilizers on landscaped areas. 

 

Single Family Residential 

• Require the initial site planning for subdivisions be laid out so that: 

o runoff from developed areas, including roads, will drain, to the greatest extent 

possible given the site’s topography, in unconcentrated flow to protected natural 

buffer areas. 

o natural drainageways and intermittent channels are protected and are not diverted by 

road ditches but are passed under the road via culverts that discharge into the 

downstream continuation of the natural drainage. 

• Minimize the use of fertilizers. 

Resource Protection and Restoration.   

• Shoreland Zoning.  One thing that Norton Brook has working for it is its relatively intact 

stream corridor.  With the exception of some encroachment from development adjacent to 

Route 1, most of the immediate riparian area is covered with natural, though not necessarily 

native, vegetation and, for most of its length it is well shaded.  Maintaining this natural 

corridor is essential to prevent any further impairment of the biological community and to 

allow recovery of the stream from its current stressors.  Shoreland zoning currently prevents 

structures within 100 feet of the stream, but only provides for a 25 foot buffer where natural 

vegetation is maintained.  This buffer should be expanded to prevent significant disturbance 

of the vegetation within no less than 100 feet of the stream.  Ideally this standard would also 

be applied to the tributaries, particularly the ones that have at least some flow in the summer.  

A further shoreland zone (i.e. 250 feet) which would allow some development but would 

maintain an essentially forested character would provide a significant wildlife corridor and, at 

least as important, reproductive habitat for the adult insects that lay their eggs in the stream 

(e.g. mayflies, stoneflies, caddisflies) and could be considered for the east side of the stream. 

 

• Instream habitat enhancement.  In addition to attenuation of high stormflow discharges from 

intensely developed areas, it will likely be necessary to take measures to increase substrate 

and habitat stability in the stream channel.  Strategic placement of structures such as log 

bars, root wads, and K dams can help the most vulnerable sections of the stream retain its 

sediment and enhance habitat by providing diversity of both substrate and flow velocity.  

Any work in the stream corridor should include removal of the abandoned culvert in Reach 

NR1. 

Further assessment needs.   

• Fluvial geomorphological assessment.  Effective instream enhancement measures will require a 

detailed assessment of the stream channel by a qualified fluvial geomorphologist.  The 
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assessment would include recommendations on the location and design of any instream 

structures. 

• Culvert evaluation.  The four culverts with upstream passage issues should evaluated for 

potential mitigation. 

• Assessment of functionality of existing stormwater infrastructure.  Approximately one third of the non-

residential developments along Route 1 have either stormwater detention basins or vegetated 

under-drained soil filters, both of which should provide some level of stormwater detention 

and, in the case of the filters, some removal of traditional pollutants (not chloride).  Initial 

observation of these suggests that some, if not the majority, are not functioning as their 

design intended and that nearly all could be modified or enhances to provide more effective 

detention of stormwater.  Evaluation of the potential of these systems for upgrades or 

modifications would be an important first step towards reducing flashy stormwater 

discharges to Norton Brook. 

• Additional monitoring. 

o Biological monitoring.  Collection and evaluation of macroinvertebrate samples in 

future years would help assess the recovery potential of the stream and document the 

effectiveness of any restoration efforts.  Particularly, it would be beneficial to collect 

this information for some less droughty summers than 2002 and 2017.  A wetter 

summer with shorter dry periods might increase the level of the primary current 

stressor (frequent disturbance of the substrate), but would increase baseflow velocity, 

habitat availability and dilution of chloride laden groundwater.  Understanding how 

the community responded to such different conditions could provide additional 

guidance for protection and restoration efforts. 

o Specific conductance.  Repetition of conductivity screening in various stream reaches 

and, if possible, continuous monitoring with data loggers will help evaluate if 

baseflow chloride toxicity is becoming a more or less important stressor. 
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Webes Creek 

Webes Creek, also known as Webes Brook, is a 0.71 mile Class B stream that flows northeast in a 
valley between Route 1 and Foreside Road.  It begins in a stormwater outfall in the northern corner 
of the Ace Hardware Parking lot off Route 1 and outlets into Mill Creek, about 750 feet upstream of 
the Foreside Road crossing.  The lower 40% of the stream is subject to at least some tidal influence, 
including intermittently brackish water.  The remainder is a free flowing, freshwater stream.   
 
Watershed Characterization 
 
The Webes Creek watershed is bounded on the 
east by Foreside Road and the west by a low 
ridge that separates it from the Scitterygussett 
watershed.  It extends from the Interstate 495 
ramp south to the Volkswagen dealership and 
the northern edge of Foreside Estates.  With 
35% of its 337 acres covered by impervious 
surfaces it is the most densely developed 
watershed in Falmouth and one of the most 
densely developed watersheds in Maine.  The 
large majority of this impervious area is found 
in the commercial, business and transportation 
land use along the Route 1 corridor.  Residential 
land use along Depot Road and Foreside Road 
account for the remainder.  Most of the non-
residential development drains to the stream via 
one of three major outfalls: (1) a tributary that 
discharges to Webes Creek in its tidal reach and 
drains the most northern part of the Route 1 
corridor, including the Bucknam Road 
intersection and most of the Shaw’s Shopping 
Center parking lot; (2) a stormwater 
outfall/ditch draining the mid-portion of the 
Route 1 corridor that discharges into to Webes Creek just upstream of Depot Road; and (3) the 
stormwater outfall at which the stream originates that drains the southern portion of the Route 1 
corridor. 
 
Geologic and Topographic Setting 
 
Bedrock Geology, Surficial Geology and Soils.  The Webes Creek valley is bounded by metamorphic 
bedrock ridges on the east and the west.  With the exception of some coarse marine deposits 
overlying glacial till on the top of the eastern ridge, the watershed is overlain with Presumpscot 
Formation marine sediments.  As a result, the soils in the watershed are dominated by low 
permeability silt loams, with some small areas of very fine sandy loams. 
 

Webes Creek - Reach 

WR1 
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Stream Gradient and Substrate.  The portion of the stream that appears to be subject to at least 
some tidal influence extends roughly 1600 feet (based on local observations) upstream from Webes 
Creek’s confluence with Mill Creek.  The amount of tidal influence varies dramatically within this 
reach, with the greatest and most frequent influence nearest the outlet to Mill Creek and only slight 
and infrequent influence (spring and/or king tides) in the most upstream portion.  Stream gradient 
in this reach is very low, with a mean channel slope of 0.18 %.  The substrate of the stream bottom 
in this reach ranges from gravelly sand over hard clay to silty sand over hard clay. 
While the entire length of Webes Creek is low 
gradient, the mean channel slope of 0.70 % in the 
reach between “head of tide” and Depot Road is 
somewhat higher than the tidal reach.  The 
substrate includes varied depths of gravel, gravelly 
sand, sand and silty sand over the underlying 
marine clay.  There are a few places where the 
underlying hard clay is exposed. 
 
Mean channel slope is slightly higher at 1.12 % in 
the uppermost reach of the stream between its 
stormwater outfall start and Depot Road.  In the 
flattest part of this reach, just upstream of Depot 
Road, the substrate is a deep, soft mixture of sand, 
silt and clay.  Gradient increases as one moves 
upstream where the substrate is gravel on hard clay. 
 
Riparian Condition 
 
The riparian corridor of Webes Creek consists 
principally of a shrub/scrub floodplain ranging in 
width from 40 feet to 100 feet.  The floodplain is 
bounded by slopes that are covered in mixed forest 
except where development encroaches.  With the exception of many invasive plants in the 
floodplain, the vegetation is natural except for: 

• A stretch extending 500 feet upstream from a point 1250 feet upstream of the confluence 

with Mill Creek, in which landscaping from residential development along Foreside Road 

encroaches on the floodplain and the eastern slope 

• A stretch extending 500 feet downstream of Depot Road and upstream to the headwater 

stormwater outfall where the corridor is altered by commercial development and, on the east 

side downstream of Depot Road, residential landscaping 

Alders and other shrubs provide reasonable shade for much of the stream’s length except in a few 
places where the stream channel is particularly wide, where landscaping extends to the channel itself, 
and in the most downstream half of the tidal reach where the floodplain is dominated by salt 
tolerant grasses. 
 
 
 

Webes Creek 

- Tidal Reach 

WRT 
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Habitat 
 
DEP staff conducted a stream walk on Webes Creek on June 28, 2019.  Much of the following is a 
result of observations during that walk up the stream channel.   
 
The habitat of Webes Creek has been altered in many ways.  According to a person who has lived 
and worked adjacent to the stream all his life, the stream was channelized with a bulldozer in the 
1950’s.  This is reflected in the non-tidal portions of the stream by the relative straightness of the 
channel for such a low gradient system, with limited meanders, usually in response to current or 
recent debris dams.  The historic, and in part current, sewer line adjacent to the north side of the 
stream may also be confining channel movement.  This results in a system with low habitat diversity. 
The substrate in the wetted channel ranges from silty sand, to sand, to gravely sand to gravel.  Most 
if not all of this material is underlain by hard marine clay.  The principal source of the deposited 
sand and gravel is likely from erosion of the stream’s banks and the stream channel, though some of 
the sand may come from soil erosion in the watershed.  While the sand and gravel could provide 
reasonable habitat for many of the macroinvertebrates (insects, crustaceans, mollusks) that would be 
expected in a free flowing freshwater stream, the quality and utility of this habitat is severely 
compromised by the high storm flows that the stream receives from its highly impervious 
watershed. 
 
The sand and gravel substrate is in a state of frequent flux.  This is evident from the nature of the 
sand bars in the channel as well as indirect observation.  In August of 2019 the DEP deployed bags 
of rocks in the stream in order to evaluate the macroinvertebrates that would colonize the 
introduced substrate.   When the bags were retrieved after a four week deployment, they were buried 
in sand and therefore useless for evaluation, indicating that sand is moving freely in the system and 
the habitat it provides is not stable.  During the period of deployment there were two significant, but 
not exceptionally large storm events (1.8 and 1.4 inches, Portland Jet Port).  Storms of this 
magnitude are not infrequent, and the amount of sand movement evident during the deployment 
period suggests that organisms trying to live in or on the substrate could be washed downstream 
with the sediment. 
 
In addition to the physical alterations of the channel discussed above, habitat is compromised by 
extremely low baseflow during periods of extended dry weather, and a general lack of diversity in 
baseflow velocity in some stretches.  The watershed is small and highly impervious, so low baseflow 
is to be expected, especially given the frequency of relatively dry summers in recent years. 
 
Water Quality 
 
Temperature, dissolved oxygen and specific conductance were monitored during the June 28th 
stream walk and with continuous data loggers at Site WC-1 that recorded measurements every 15 
minutes from August 6, 2019 to September 3, 2019, while the data loggers were deployed. 
 
Temperature.  During the June 28, 2019 stream walk water temperature ranged from 16˚C to 20˚C, 
with the warmest temperature just downstream and upstream of Depot Road where shade is limited.  
The continuous logger data in August generally indicated daytime high temperatures between 15˚C 
and 18˚C, with early morning temps 3 to 4 degrees lower.  During storm events temperature spiked 
to 20˚C or higher, usually dropping to 18˚C or cooler within a day or less. 
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Dissolved Oxygen.  Daytime DO measurements collected during the stream walk were above the 
Class B standard of 7 ppm except for two readings taken upstream of Depot Road that were 6.3 
ppm and 6.8 ppm.  DO 
concentrations from the 
August logger data generally 
ranged from 7.5 to 9.5 ppm 
with diurnal swings of only 
0.5 to 1.5 ppm, suggesting 
only minimal oxygen loss due 
to algal respiration.  DO 
drops slightly below 7.0 ppm 
for short periods during 
storm events.  This may be a 
function of flushing of lower 
DO water from upstream 
wetlands and detention 
basins or it may simply be 
associated with the warmer 
temperature of the 
stormwater runoff. 
 
Specific Conductance/Chloride.    
In urban and urbanizing streams, the most likely cause of elevated baseflow specific conductance 
(SPC) is chloride because of the high amounts of deicing salts that are applied in the watershed and 
the fact that, unlike most other ions, chloride is not attenuated in the soil.  The chronic toxicity 
threshold for chloride is 230 mg/l according to EPA’s Water Quality Criteria.  Correlation of SPC 
and chloride measurements from other urban stream watersheds indicate that this threshold is likely 
to be exceeded if SPC is greater than 900 μs.   
The SPC continuous logger measurements for Webes Creek taken at at Site WC-1  illustrate several 
interesting phenomena that support this assertion.  To put the following discussion in perspective, 
the SPC typical of natural streams is +/- 100 μs.  During periods of dry weather and low baseflow 
SPC exhibits daily diurnal swings 
between 700 μs and 1200 μs.  The 
highest values occur in the 
evening, peaking around 10:30 
PM, the lowest around 6:00 AM.  
This suggests that high 
conductivity groundwater from 
the upper developed part of the 
watershed is being diluted by 
lower conductivity groundwater 
from less developed areas 
downstream.  During the day 
evapotranspiration by flood plain 
vegetation is reducing the amount 
of dilution provided, so 
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conductance rises.  Overnight, the groundwater flow into the stream from the floodplain recovers, 
dilution increases and conductance drops. 
 
When a storm event occurs there is an initial, very short-term spike in conductance to as high as 
2,600 μs.  This spike is immediately followed by a precipitous drop to very low SPC, around 200 μs 
and a less steep rise over a period of two to three days to the baseflow equilibrium diurnal swing 
SPC.  The initial spike in conductance indicates that, during the period between storms, high 
conductance groundwater has seeped into the stormwater infrastructure in the upper watershed.  It 
is immediately flushed out of the stormwater system with the first runoff, after which it is followed 
by low conductivity stormwater.  The magnitude of the spike correlates with the time period 
between storms – the longer the period the more high conductivity groundwater can seep into the 
storm sewer system and the higher the SPC spike.  During the days after the storm the stream 
gradually returns to a groundwater dominated 
system. 
 
Specific conductance was measured at 12 sites 
during the June 28, 2019 stream walk at a time 
between storm events when the stream was at a 
low baseflow.  SPC measurements during the 
stream walk ranged from 733 μs above head of tide 
near the logger station at Site WC-1 to 1047 μs 
about 400 feet downstream of Depot Road and all 
measurements upstream of the logger station 
exceeding 900 μs.  These readings were taken 
between 10:00 AM and 2:00 PM near the midpoint 
of the logger data’s diurnal swing, so the peak 
values for the day were probably 200 to 300 μs 
higher. 
 
Nutrients, Metals and Hydrocarbons.  No data has 
been collected on these typical stormwater 
pollutants.  However, given the large amount of 
road surface and parking in the watershed, there is 
no doubt that the concentrations of phosphorus, 
nitrogen, heavy metals and some hydrocarbons are 
at least somewhat elevated during the first flush of 
intense storms. 
 
Biological Condition 
 
Rock bags were deployed to collect a sample of the macroinvertebrate community in Webes Creek 
at station WC1 for four weeks in August 2019.  Unfortunately, during the deployment the bags were 
buried in the sandy substrate and were not able to be used as valid samples.  While there is no direct 
data on which to base an evaluation of the biota in the stream, the fact that at the end of the 
deployment period the bags were buried in approximately six inches of sand suggests that the 
community is likely impaired.  It is likely that this is a result of a combination of (1) erosion of 
sediment beneath and around the bags that allowed them to sink into the substrate during a period 

Webes Creek-- Reach 

WR1 
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of high storm flow and (2) deposition of sand, probably later in the storm event, that covered the 
bags and the eroded area.  This combination of erosion and sedimentation indicates that a 
substantial amount of substrate is being disturbed and washed downstream, where it is later 
deposited.  This disturbance is also likely to wash the biota living in the substrate downstream as 
well.  During the period of deployment there were two storms events that exceed 1.0 inch (1.8 in 
and 1.4 in) at the Portland Jetport.  Storms of this magnitude occur frequently.  In the 12 month 
period from September 2018 thru August 2019 there were 18 storms with ≥ 1.0 inch of rain, 8 with 
≥ 1.5 inches and 3 with ≥ 2.0 inches recorded at the Jetport.  Such frequent disturbances of the 
substrate make it difficult for macroinvertebrates with annual life cycles (e.g. mayflies, stoneflies and 
caddisflies) to survive.  The very high amount of impervious area (35%) in the watershed results in 
dramatically higher stormflows for any given storm event than the stream channel would otherwise 
receive. 
 
Likely Stressors to the Biological Community 
 
Current Stressors.  The habitat, water quality and biological information discussed above strongly 
suggest that (1) neither temperature or low dissolved oxygen are significant stressors to the 
biological community and (2) at least three stressors – frequent disturbance of habitat, baseflow 
chloride toxicity and low baseflow velocity – are currently impacting the biota of Webes Creek.   

• Frequent disturbance of the substrate.  Evidence from both the habitat assessment during the 

stream walk and the buried rock bags indicate that the predominantly sandy substrate of 

Webes Creek is being disturbed and transported during moderate and frequent storm 

events.  This type of unstable habitat greatly limits the composition and diversity of the 

macroinvertebrate community as well as the quality and abundance of food available for 

resident fish. 

 

• Baseflow chloride toxicity.  Both the stream walk and logger SPC data suggest that during 

extended low baseflow the chloride concentration in Webes Creek, for half, if not most of 

the day exceeds the 230 mg/l threshold for chronic toxicity.  It is likely that this is having an 

impact on biota in the stream that are sensitive, which includes a lot of the 

macroinvertebrates that normally inhabit freshwater streams. 

 

• Very low baseflow.  The very low baseflow discussed in the Habitat section reduces the 

velocity of flow to the point where many of the insects that rely on stream flow to deliver 

food to their nets or pass oxygen over their gills cannot be supported.  During wetter 

summers than 2015 to 2019, this stressor may not have much effect on the community, but 

in dry summers it probably at least exacerbates the effect of other stressors.  Some of this 

low baseflow is natural because the watershed is small and much of it is underlain with 

marine clay which has only limited groundwater storage potential.  This natural limitation is 

exacerbated by the addition of large impervious areas which prevent any significant 

infiltration of rainfall. 
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• Other likely stressors.  Conventional pollutants associated with stormwater from highly 

impervious urban areas include nutrients, heavy metals and hydrocarbons.  Though these 

have not been monitored in Webes Creek, it is likely that the runoff from the watershed’s 

parking lots has relatively high concentrations of these.   

 

Observation of the stream and the fact the there is only a slight diurnal swing in dissolved 

oxygen concentrations suggest that growth of algae in the stream is not an issue, but this 

may be a function of effective shade over much of the channel and not of low nutrient 

levels.  Loss of shade might result in sufficient algal production to reduce night time DO to 

that point that it becomes a stressor. 

 

Though many of the metals and hydrocarbons will be quickly transported to Mussel Cove 

during significant storm events, some may accumulate in the silty sand sediments found in 

the lowest gradient sections of the stream.  These could have a toxic effect on sensitive 

insects trying to live in the substrate. 

Potential Future Stressors.  Given the fact that the watershed of Webes Creek is already quite urban, 
most of the stressors associated with urban watersheds are already in play.  While there are no 
obvious new stressors that are of concern, it is likely that the watershed will continue to develop, 
and additional impervious area and the increased storm intensity associated with climate change 
could substantially increase the impact on the biological community from the two most important 
current stressors (frequent disturbance of substrate and baseflow chloride toxicity) unless the new 
development incorporates, to the greatest extent possible, measures to minimize these stressors. 
 
Stressors associated with downstream watersheds – Mussel Cove 

• Nitrogen.  Webes Creek is a tributary to Mill Creek which in turn drains to Mussel Cove.  As 

discussed in the stressor report for Mussel cove, nitrogen is the limiting nutrient for algal 

production in the Cove and there is abundant habitat in the Cove for macroalgae.  While 

limited nitrogen data does not currently indicate elevated levels in the Cove, periodic high 

levels of fecal bacteria suggest the types of stormwater sources that would also discharge 

nitrogen are draining to the cove.  There is the potential, given the available habitat, for 

eutrophication of the cove, including depressed oxygen levels.   

Management Implications 
 
Future Land Use.  Addition of any of the following land uses to the Webes Creek watershed has the 
potential to exacerbate the impairments to the stream’s biota: 

• Concentrated impervious areas (i.e. commercial, business, institutional, multiunit residential) 

where stormwater runoff is not distributed, intentionally or otherwise, over adjacent 

pervious buffer areas or otherwise attenuated by effective, well maintained channel 

protection detention storage. 

• Any new impervious area that has deicing salts regularly applied to it, particularly parking 

lots, especially if the meltwater runoff is allowed to infiltrate into the groundwater. 
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Low density, single family residential development will have significantly less potential impact 
because it is not likely to discharge as much runoff or use as much salt as the above listed uses. 
Stormwater Management.  The following types of stormwater management practices should be 
required for any new regulated development and prioritized for retrofit of existing development in 
the Webes Creek watershed: 

Commercial, Institutional, Office, Multi-family Residential 

• Provide secure (no infiltration potential) channel protection storage of at least the first 1.5 

inches of runoff from parking, driveways and sidewalks where deicing salts are applied, such 

that the volume stored is discharged over a period of no less than 24 hours and no more 

than 72 hours.  Provide additional storage for very large, low frequency events (i.e. 2, 10 and 

25 year storms).  To the greatest extent possible discharge this storage, at least from 

meltwater events, directly to the stream in order to avoid contamination of groundwater with 

chloride.  Requiring this type of flow mitigation on new development is essential to 

preventing further degradation of the stream’s habitat.  Retrofitting it into existing 

development where feasible will reduce the stream’s primary current stressor (frequent 

disturbance of substrate) and allow some recovery of the biological community. 

• Encourage practices and design principles that minimize the use of deicing salts such as 

roofed or under-business parking, heated sidewalks and driveways, and compact parking 

schemes. 

• Infiltrate as much salt-free roof runoff as possible. 

• For new development, implement BMPs that provide effective nitrogen removal, particularly 

if they are treating landscaped and high traffic areas. 

• Minimize the use of fertilizers on landscaped areas. 

 

Single Family Residential 

• Require the initial site planning for subdivisions be laid out so that: 

o runoff from developed areas, including roads, will drain, to the greatest extent 

possible given the site’s topography, in unconcentrated flow to protected natural 

buffer areas. 

o natural drainageways and intermittent channels are protected and are not diverted by 

road ditches but are passed under the road via culverts that discharge into the 

downstream continuation of the natural drainage. 

• Minimize the use of fertilizers. 

Resource Protection and Restoration.   

• Shoreland Zoning.  Below Depot Road, most of immediate riparian area adjacent to Webes 

Creek is covered with natural, though not necessarily native, vegetation and, for most of its 

length it is well shaded.  Maintaining this natural corridor is essential to prevent any further 

impairment of the biological community and to allow recovery of the stream from its current 

stressors.  Webes Creek is not currently designated for protection under the Falmouth 

shoreland zoning ordinance.  It should be zoned to prevent new development and 
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significant disturbance of the vegetation within no less than 100 feet of the stream.  Ideally 

this standard would also be applied to the tributaries, particularly the ones that have at least 

some flow in the summer. 

• Instream habitat enhancement.  In addition to attenuation of high stormflow discharges from 

intensely developed areas, it will likely be necessary to take measures to increase substrate 

and habitat stability in the stream channel.  Strategic placement of simple structures such as 

log bars, root wads, and K dams can help the most vulnerable sections of the stream retain 

its sediment and enhance habitat by providing diversity of both substrate and flow velocity.  

The potential for enhancement will likely be limited by restrictions to access and low stream 

gradient. 

Further assessment needs.   

• Fluvial geomorphological assessment.  Effective instream enhancement measures will require a 

detailed assessment of the stream channel by a qualified fluvial geomorphologist.  The 

assessment would include recommendations on the location and design of any instream 

structures. 

• Assessment of functionality of existing stormwater infrastructure.  Some of the more recent 

developments in the Webes Creek watershed incorporate stormwater management practices, 

particularly stormwater detention.  Evaluation of the potential of these systems for upgrades 

or modifications would be an important first step towards reducing flashy stormwater 

discharges to Webes Creek. 

• Additional monitoring. 

o Biological monitoring.  Some evaluation of macroinvertebrate community in future 

years would help assess the recovery potential of the stream and document the 

effectiveness of any restoration efforts.  It may be necessary to use a different 

sampling method than the rock bag deployment given the apparent magnitude of 

sand movement in the stream.  It would be beneficial to collect this information for 

at least one future droughty summer and one wetter summer.  A wetter summer with 

shorter dry periods might increase the level of the primary current stressor (frequent 

disturbance of the substrate), but would increase baseflow velocity, habitat 

availability and dilution of chloride laden groundwater.  Understanding how the 

community responded to such different conditions could provide additional 

guidance for protection and restoration efforts. 

o Specific conductance.  Repetition of conductivity screening in various stream reaches 

and, if possible, continuous monitoring with data loggers will help evaluate if 

baseflow chloride toxicity is becoming a more or less important stressor. 
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Chenery Brook 

Chenery Brook is a 4.0 mile long stream that starts in the town of Cumberland as an intermittent 
swale in the power line just north of Tuttle Road.  After crossing Tuttle Road it drains south 
through forest passing the western end of the Butterworth Farm Road before turning southeast and 
crossing Middle Road.  A short distance downstream of Middle Road it turns south-southwest and 
parrallels the railroad track until, just downstream of the Falmouth town line it turns southeast and 
passes under the tracks.  It then flows southwest in the confined valley between the railroad and 
Interstate 295, crossing Johnson Road and the interstate just upstream of its confluence with Mill 
Creek.  Approximately 40% of the stream’s length and 25% of its watershed are in town of 
Falmouth, with the remainder in Cumberland. 
 
Watershed Characterization 
 
Chenery Brook’s approximately 1300 acre 
watershed is mostly forested with relatively 
light single family residential land use.  Only 
7% of the watershed is covered with 
impervious surfaces and approximately one 
third of that is Interstate 295.  The interstate 
and the railroad are both prominent features 
that confine the valley in which much of the 
stream flows.  
 
Geologic and Topographic Setting 
 
Bedrock Geology, Surficial Geology and Soils.  
The Chenery Brook watershed is underlain by 
metamorphic rocks of the Hutchins Corner 
Formation.  The stream valley is overlain by 
Presumpscot formation marine clay.  It is 
bounded on the east by a ridge that separates 
the Chenery and Norton Brook watersheds 
and on the west by the ridge that separates the 
Chenery and Mill Creek watersheds.  Both 
ridges are covered with a thin layer of glacial 
till.  The marine clay that underlies the stream 
channel is mostly covered by alluvial sands, silts and rarely gravel.  The soils in the watershed 
generally reflect the underlying parent material with silt loams and very fine sandy loams in the valley 
and coarser sandy loams and loamy sands on the ridges. 
 

 

  

Chenery Brook – Reach 

CR2 
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Figure 5. Chenery Brook Watershed and Study Reaches. 
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Stream Gradient and Substrate.  For most of its length between Middle Road and head of tide at the 
I 295 crossing, Chenery Brook is a very low gradient stream with mean channel slopes of 0.2% 
except in three short drops – downstream of Middle Road, downstream of the railroad crossing and 
just upstream of Johnson Road.  The drop at Johnson Road is enhanced by a man-made boulder 
and cobble dam which impounds a deep, very slow run for approximately 1,000 feet upstream.  
Substrate in the channel ranges from bare marine clay in some riffles to silty sand and sand in the 
slower reaches which account for the majority of the stream, to gravel and some cobble in the 
somewhat steeper sections. 
 
Riparian Condition 
 
With the exception of some fields in the headwater reach and a few spots where residential 
landscaping encroaches in Cumberland, the entire length of the Chenery Brook is bounded by 
natural riparian vegetation.  Where the bottom of the valley floor is narrow the riparian cover is 
dominated by forest.  In places where the valley is broad riparian cover includes more shrub-scrub  
or meadow floodplain wetland.  This is the case for most Reach CR3, which extends about 4,000 
feet upstream from the railroad crossing, and is partially located in a power line corridor where large 
woody vegetation is discouraged. 
 
Habitat 
 
This habitat assessment is not as detailed as the Norton Brook and Webes Creek assessments 
because a walk of the entire stream channel was 
was not performed.  The assessment is based 
on observations at a number of key sites along 
the stream corridor.  
 
Reach CRT.  This tidal reach extends from the 
confluence with Mill Creek up to the I 295 
culvert.  The substrate is principally silty sand 
on marine clay.  The channel is somewhat 
incised as is typical in tidal reaches. 
 
Reach CR1.  This is a very low gradient reach 
between the I 295 crossing and Johnson Road.  
It meanders through forest and flood scrub 
wetlands that provide much but not complete 
shade to the channel.  The stream is incised in 
places with high banks, particularly on the 
outside of meanders, so access to the floodplain 
is not always available.  It has typically long, 
slow runs with relatively rare riffles.  The 
substrate is a mixture of sand bars and silty sand 
over clay, with the hard clay exposed in many of 
the riffles.  Some diversity in habitat and 
velocity is provided by woody debris, which is present but not abundant. 

Chenery Brook – Reach CR1 
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Reach CR2.  Most of Reach CR2 is very low gradient except immediately upstream of its beginning 
at Johnson Road and immediately downstream of its upstream terminus at the railroad crossing.  
The man-made dam upsream of Johnson Road impounds a long, relatively deep run, depriving the 
stream of habitat and flow diversity for for nearly 1,000 feet.  The valley between the interstate and 
railroad is narrow and fairly steep in this reach so riparian cover is mostly forest and the stream is 
well shaded.  The stream meanders less in this reach and the floodplain is limited because of the 
steep valey slopes.  Substrate in the long, slow run is silty sand on clay with little habitat diversity 
except that created by woody debris.  Substrate above the run is a mix of sand, sand bars and some 
gravel in the riffles with much greater habitat and flow diversity. 
 
Reach CR3.  Most of this reach, which extends 
upstream from the railroad crossing to a foot bridge 
adjacent to residential development on Shirley Lane, 
consists of a low gradient stream that meanders 
through a broad, 75 to 150 foot wide shrub-scrub and 
meadow wetland.  Stream banks are steep and 
sometimes quite high where the outside of the 
meanders meet the steep slope of the valley on the 
west or the wooded slope created by fill for the 
railroad on the east.  Shade is limited due to the nature 
of the flooplain vegetation and, for some of the reach, 
by the control of woody vegetation resulting from 
managment of the power line corridor.  The bottom 
substrate appears to be mostly sand on marine clay 
with typical meander bar formation and hard clay 
exposed in higher velocity stretches on the outside of 
the some meanders.   
 
Reach CR4.   For much of Reach CR4, which extends 
from the footbridge to the Middle Road Crossing, 
habitat is similar to Reach CR3, with the stream 
channel meandering in a broad, mostly shrub-scrub  
valley except where landscaping encroaches on the 
east.  In a stretch extending 1,000 feet downstream 
from Middle Road the valley narrows and the gradient steepens.  In this section substrate is coarser, 
with gravel, sand, and some cobbles; shade is consistent because of the forest riparian cover; and 
both habitat and flow diversity increase. 
 
Reach CR5.  No direct observations were made of habitat in this reach.  Habitat is likely very similar 
to uppermost section of Reach CR4, but due to the very small watershed, the stream likely has little 
or no flow during extended dry periods. 
 
All non-tidal reaches.  Though the Chenery Brook watershed is not that small (about 2 square miles) 
observation of the stream during a very dry period in 2018 showed very little flow, particularly in the 
upper reaches.  This limits both the velocity of flow and the availability of wetted substrate.  These 
particularly low flows are likely due to the shallow to bedrock till and silty marine clay soils that 

Chenery Brook – Reach CR3 
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cover the watershed, neither of which have the ability to store much groundwater, thus limiting the 
volume of baseflow in extended dry periods. 
 
Water Quality  
 
Data loggers were deployed at a site approximately 1,500 feet downstrem of Johnson Road from 
July 16, 2019 to September 3, 2019.  The loggers recorded temperature, dissolved oxygen and 
specific conductance at 15 minute intervals over that period. 
 
Temperature.  For much of the time that the data loggers were deployed, daytime temperatures in 
Chenery Brook exceeded 20˚C, and rose to over 24˚C on several days in late July and early August.  
These high temperatures are likely due to 1) the fact that shade is limited in many places upstream of 
the site due to the shrub/scrub/meadow, as opposed to forest, vegetation on the floodplain; and 2) 
the low velocity of baseflow in these low gradient reaches allows a long period of exposure in 
unshaded areas.   
 
Dissolved Oxygen.  From July 30 to August 11 night time dissolved oxygen concentrations dropped 
below the 7.0 ppm Class B water quality standard.  This coincided with large diurnal swings of 2.0 to 
3.5 ppm, indicating that the low nightime DO was a result of periphytic algal respiration.  Some 
growth, though not excessive growth of filamentous algae was observed upstream of the site.  This 
suggests that nutrient levels in the brook are high enough to support significant algal production 
under optimal conditions and that shade is insufficient to limit that production. 
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Specific Conductance.  During logger deployment, specific condutance at the logger station ranged 
between 400 μs and 500 µs, except dutring and immediately after the two largest rain events, when it 
dropped to around 200 μs.  While these values do not suggest chloride levels that are high enough to 
be problematic by themselves, the fact that conductance decreases when baseflow is diluted by 
stormwater runoff indicates that most of the conductivity, and likely chloride, in the stream is from 
groundwater sources.  The biggest source of chloride in the watershed is deicing salt applications on 
I 295, and infiltration of meltwater on the inslopes and swales that drain the  road surface may 
explain why conductance is significantly higher than would be expected in a more natural watershed.  

 
Biological Condition 
 
During August of 2019 rock bags were deployed near the logger station to sample the 
macroinvertebrates (insects, crustaceans, worms and mollusks) living in Chenery Brook.  
Unfortunately, the taxonomic evaluation of these samples is not yet completed, so there is little 
known about the health of the stream’s biological community at this point.  When data becomes 
available this report will be updated. 
 
Stressors to the Biological Community 
 
Current Stressors.  The water quality data and habitat analysis suggest that two stressors are currently 
impacting Chenery Brook’s biota.  These are likely to be most significant in the slower reaches 
without forest riparian cover and include lack of diversity in habitat and flow, and low baseflow 
velocities. 

• Lack of habitat and flow diversity.  The low gradient of much of Chenery Brook results in many 

long runs with uniformly sandy substrate on hard clay.  In these runs the only variation in 

flow and substrate is provided by large woody debris and debris dams.  The non-forested 

nature of the flooplain riparian cover in many of these runs limits the amount of woody 

debris that is deposited in the channel and its associated habitat diversity.  Though we do not 

yet have data to confirm this, it is likely that this lack of variation in habitat in turn results in 
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macroinvertebrate and fish communities that are limited to taxa that do well in low velocity 

and sand/silty sand substrates. 

• Low baseflow velocities.  As discussed in the habitat section, baseflow in Chenery Brook during 

extended periods of dry weather can get very low.  The resultant extremely low velocity in 

runs and very limited wetted bottom in riffles renders much of the stream uninhabitable by 

many of the taxa native to Maine free-flowing streams.  As a result of climate change, 

droughty summers are becoming more frequent so this stressor, which is otherwise a 

function of natural stream coniditions, is likely to become even more limiting. 

Potential Future Stressors.   

• Diurnally depressed dissolved oxygen.  The amount of periphytic algae in streams is limited by the 

avalability of light and nutrients.  The relatively large swing in durnal DO discussed in the 

water quality section indicates that both light and nutrients are currently sufficient to support 

significant algal production in Chenery Brook.  At this point the dirunal depression of DO 

does not drop low enough to be a serious stressor on the stream’s biota.  However, if either 

nutrient levels increased or shading of the 

stream channel decreased in the future, dirunal 

depletion of DO might result in loss of many 

taxa from the community. 

• Baseflow chloride toxicity.  With the exception of 

the interstate and the railroad, land use in the 

Chenery Brook watershed is mostly relatively 

sparse single family residential and forest, 

neither of which result in high levels of 

contamination of the groundwater with 

chloride.  As long as this land use pattern 

continues it is unlikely that baseflow chloride 

concentration will rise to a level that is 

problimatic, but if land use were to shift 

toward commercial, institutional or office 

development the apparently small volume 

aquifer that feeds baseflow could become 

contaminated and salt intolerant stream biota 

could be lost. 

• Frequent disturbance of the substrate.  Because of 

the relatively low impervious cover in the Chenery Brook watershed, the current storm flow 

regime in Chenery Brook is close enough to natural that movement of the sand substrate in 

the stream, while more frequent than in streams with coarser, less erodible substrates, is 

likely not preventing maintenance of a healthy macroinvertebrate community.  If highly 

impervious watershed development in concert with the more intense and frequent 

precipitation associated with climate change resulted in substantially higher and flashier 

Chenery Brook – Reach CR2 
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stormflows, the frequency of disturbance of the sandy substrate could result in impairment 

of the stream’s macroinvertebrate community.  Specifically, it would likely shift the biota 

from taxa with annual life cycles (e.g. stoneflies, mayflies and caddisflies) to taxa with much 

shorter life cycles (e.g. midges, crustaceans). 

Stressors assciated with downstream waters.   

• Nitrogen.  Chenery Brook is a tributary to Mill Creek which in turn drains to Mussel Cove.  

As discussed in the stressor report for Mussel cove, nitrogen is the limiting nutrient for algal 

production in the Cove and there is abundant habitat in the Cove for macroalgae.  While 

limited nitrogen data does not currently indicate elevated levels in the Cove, periodic high 

levels of fecal bacteria suggest the types of stormwater sources that would also discharge 

nitrogen are draining to the cove.  There is the potential, given the available habitat, for 

eutrophication of the cove, including depressed oxygen levels.   

Management Implications 
 
Future Land Use.  Substantial addition of any of the following land uses to the Chenery Brook 
watershed has the potential to degrade the stream’s biota: 

• Active agriculture (e.g. cattle farms, row crop truck farming or horse boarding facilities) have 

the potential to dramatically increase nutrient levels in the stream, resulting enhanced algal 

production and lower night time dissolved oxygen. 

• High densities of residential development that do not incorporate stormwater management 

BMPs that infiltrate runoff into vegetated areas could also elevate stream nutrient levels. 

• Concentrated impervious areas (i.e. commercial, business, institutional, multiunit residential) 

where stormwater runoff is not distributed, intentionally or otherwise, over adjacent 

pervious buffer areas or otherwise attenuated by effective, well maintained channel 

protection detention storage could cause destabilization of the stream channel. 

• Large impervious areas that have deicing salts regularly applied to them, particularly parking 

lots, especially if the meltwater runoff is allowed to infiltrate into the groundwater. 

Falmouth’s current zoning in the watershed prevents some of these land uses.  The exception is the 
land between I 295 and the railroad, which is zoned as Business and Professional.  This area is the 
stream corridor for much of Chenery Brook in Falmouth, and, because of steep slopes and/or 
floodplain, is largely unsuitable for this type of development.  Rezoning of this area to more 
compatible land uses should be considered. 
 
Stormwater Management.  The following types of stormwater management practices should be 
required for any new regulated development and prioritized for retrofit of existing development in 
the Chenery Brook watershed: 

Single Family Residential 

• Require the initial site planning for subdivisions be laid out so that: 
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o runoff from developed areas, including roads, will drain, to the greatest extent 

possible given the site’s topography, in unconcentrated flow to protected natural 

buffer areas. 

o natural drainageways and intermittent channels are protected and are not diverted by 

road ditches but are passed under the road via culverts that discharge into the 

downstream continuation of the natural drainage. 

• Minimize the use of fertilizers. 

 

Agriculture.  Although it is unlikely that significant commercial agriculture will be established in 

the Chenery Brook watershed, the following practices should be required to minimize export of 

nutrients to the stream if such land use is proposed: 

• Commercial livestock or horse operations  

o incorporate conservative manure management practices 

o distribute runoff from pasture or holding areas into adjacent natural buffers 

• Commercial row crop operations (e.g. vegetable farming) 

o incorporate practices which minimize soil loss from cultivated fields 

o distribute runoff from cultivated areas into adjacent natural buffers 

 

Commercial, Institutional, Office, Multi-family Residential.  If zoning in the watershed is altered to allow 

significant development of this type, the following practices should be required, or at least 

encouraged. 

• Provide secure (no infiltration potential) channel protection storage of at least the first 1.5 

inches of runoff from parking, driveways and sidewalks where deicing salts are applied, such 

that the volume stored is discharged over a period of no less than 24 hours and no more 

than 72 hours.  Provide additional storage for very large, low frequency events (i.e. 2, 10 and 

25 year storms).  To the greatest extent possible discharge this storage, at least from 

meltwater events, directly to the stream in order to avoid contamination of groundwater with 

chloride.  Requiring this type of flow mitigation on new development is essential to 

preventing further degradation of the stream’s habitat.  Retrofitting it into existing 

development where feasible will reduce the stream’s primary current stressor (frequent 

disturbance of substrate) and allow some recovery of the biological community. 

• Encourage practices and design principles that minimize the use of deicing salts such as 

roofed or under-business parking, heated sidewalks and driveways, and compact parking 

schemes. 

• Infiltrate as much salt-free roof runoff as possible. 

• For new development, implement BMPs that provide effective nitrogen removal, particularly 

if they are treating landscaped and high traffic areas. 

• Minimize the use of fertilizers on landscaped areas. 
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Resource Protection and Restoration.   

• Shoreland Zoning.  Maintaining this natural corridor of Chenery Brook is essential to 

preventing impairment of the stream’s biota.  Chenery Brook is not currently designated for 

protection under the Falmouth shoreland zoning ordinance.  Its corridor should be zoned as 

stream protection to prevent significant disturbance of the vegetation shade and terrestrial 

habitat adjacent to the stream.   

• Instream habitat enhancement.  The lack of habitat and flow diversity in the lower gradient 

reaches of Chenery Brook could be addressed by strategic additions of large wood in the 

stream channel.  These could both provide additional substrate for colonization by 

macroinvertebrates and improve the diversity of flow velocity in the long runs.  The 

potential for enhancement may be limited by restrictions to access and low stream gradient. 

Further Assessment Needs.  The results, when available, of the macroinvertebrate samples collected 
in 2109 may point to a need for additional assessment of the stream and its corridor.  If the 
macroinvertebrate community appears to be already under significant stress, more data may be 
needed to characterize the source and scope of the stressor(s) that are indicated.  As conditions in 
the watershed change due to new development, monitoring should be repeated to see if the stream 
or its biota have been altered. 
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Mill Creek 
Mill Creek is a 3.7 mile long Class B stream with its headwaters in a mix of forested uplands and 
wetlands just northeast of the Falmouth/Cumberland boundary and roughly 2000 feet east of the 
junction of Longwoods Road and Arbor Road.  It flows west southwest until it crosses Longwoods 
Road where it turns south for approximately 2000 ft before re-crossing Longwoods Road near 
Paddington Way.  The stream continues south along the east side of Longwoods Road until it is 
joined by the smaller west branch just downstream of Thomas Way, at which point it drains east and 
then south through the forest between 
Longwoods and Middle Roads.  It crosses 
Middle Road approximately 0.5 miles south of 
the Johnson Road intersection and continues in 
a southerly direction until it turns east and 
crosses first the railroad and then I 295, at 
which point it becomes tidal.  It is joined by 
Chenery Brook just upstream of its Route 1 
crossing, and then by Norton Brook 700 feet 
downstream of the crossing.  It then meanders 
in a southerly direction until it is joined by 
Webes Creek 750 feet upstream of the Foreside 
Road bridge.  Just downstream of the bridge 
Mill Creek drains into the upper mudflats of 
Mussel Cove. 
 
Watershed Characterization 
 
The total watershed area of Mill Creek in 3,485 
acres (approximately 5.5 square miles).  If the 
sub-watersheds of Norton Brook, Chenery 
Brook and Webes Creek are discounted, the 
remaining watershed area (its direct watershed), 
including portions that drain to the tidal 
sections upstream of the Foreside Road Bridge, 
is 1,345 acres.  Land cover in the direct watershed is mostly forest with moderately dense single 
family residential development associated with Longwoods Road and Middle Road, as well as a 
section of I 495 and portions of the 495 and Bucknam Road interchanges.  Only 6.0% of the direct 
watershed is covered with impervious surfaces, 25% of which are associated with the interstates and 
their interchanges.  While the % impervious area in the direct watershed remains fairly low – it is the 
lowest of the four Mussel Cove tributary streams – imperviousness has increased from 4.7% to 6.0% 
in the period between 2004 and 2018, and virtually all of this growth was associated with residential 
development (including associated roads and driveways), reflecting an increase of at least 30% 
during that timeframe in residential land use. 
 

Mill Creek - Reach MR2 
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Geologic and Topographic Setting 
 
Bedrock Geology, Surficial Geology and Soils.  With the exception of a small area in the vicinity of 
Route 1, the direct watershed of Mill Creek is underlain by metamorphic rocks of the Hutchins 
Corner Formation.  The tidal portion of the stream valley is covered by the marine clay of the 
Presumpscot Formation.  It is bounded on the east by a ridge of reworked terminal moraine 
deposits of sand and silt and on the west by the Webes Creek sub-watershed.  Nearly all of the 
portion of the watershed that drains to the free flowing stream upstream of I 295 is overlain with a 
thin layer of glacial till.  The exception to this is a finger of marine clay deposits that extend up the 
relatively confined stream valley to the vicinity of Chandler Drive and Stormy Brook Road.  Soils in 
the upper watershed are mostly shallow to bedrock till soils. 
Stream Gradient and Substrate.  Unlike the other Mussel Cove tributaries, the gradient of Mill 
Creek’s channel is highly varied, with several fairly steep drops.  Going upstream from the Foreside 
Road Bridge the tidal portion of the channel is very low gradient with a mean slope of 0.1%.  Above 
the interstate the slope increases slightly to 0.3% as the stream passes under the railroad.  It remains 
low gradient for roughly 600 feet upstream of the railroad crossing, where the channel suddenly 
steepens in a series of bedrock and boulder cascades in which it gains 30 feet of elevation in 200+ 
feet.  Upstream of the cascade gradient moderates, ranging from 0.5 to 2.0% with variably frequent 
riffles as the stream crosses Middle Road and continues up to the vicinity of Stormy Brook Road, 
where gradient increases to 3.5% in a series of short ledge drops.  Upstream of this the gradient of 
the main stem is quite low to the headwaters, ranging between 0.25% and 0.95%, with the exception 
of a short, somewhat steeper section just downstream of the Longwoods Road crossing.  The 
channel slope of the West Branch is also fairly low, around 0.5%, except for a steep section 600 to 
1000 feet upstream of Longwoods Road. 
 
Riparian Condition 
 
Within the tidal reach much of Mill Creek passes through tidal wetlands, and in these areas riparian 
cover is natural wetland vegetation.  In the upper portion of this reach and in the remaining free 
flowing reaches of the stream the riparian cover is natural forest except in the immediate vicinity of 
the road and interstate crossings and in the reaches where the stream parallels Longwoods Road 
where some of the residential yards extend into the riparian area. 
 
Habitat 
 
This habitat assessment is not as detailed as the Norton Brook and Webes Creek assessments 
because a walk of the entire stream channel was was not performed.  The assessment is based on 
observations at a number of key sites along the stream corridor.  While no comprehensive 
assessment of the in-stream habitat in Mill Creek has been performed, it appears that, with the 
exception of the road, interstate and railroad crossings, the condition of the habitat is mostly natural.  
In the tidal reach the substrate in the channel is mostly sand and silty sand on marine clay.  In the 
remainder or the stream, substrate varies with gradient and underlying surficial geology, with the 
steepest reaches (MR2 and MR5) principally cascade/pool habitat with bedrock, boulders and 
cobbles.  The moderate gradient reaches (MR3, MR7 and MWBR2) have mostly riffle/run habitat 
with an occasional pool, and with cobbles and some boulders in the riffles and a mixture of sand, 
gravel and cobbles in the runs.  The lower gradient reaches (MR1, MR4, MR6, MR8, MR9, MR10, 
MWBR1 and MWBR3) have riffle/run habitat with the length of run between riffles increasing and 
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the coarseness (sand and gravel, sand, silty sand) of the substrate decreasing as channel slope 
decreases. 
 
While the physical condition of most of Mill 
Creek appears to be natural with little evidence 
of instability or anthropogenic alteration, the 
baseflow hydrology may limit the biological 
community.  The summer of 2018 was droughty 
with very infrequent precipitation.  This was 
also true, though to a lesser degree in the late 
summer of 2019, and in the summers from 
2014 to 2017.  In early September of 2018 the 
sand and gravel reach in the main stem east of 
Longwoods Road just upstream of the 
confluence with the West Branch was observed 
to be so dry that, while there was some water in 
the pools, runs between the pools were 
completely dry with only some subsurface 
(hyporheic) flow.  In the pool/riffle/run reach 
downstream of Middle Road there was only a 
trickle of surface flow between the pools.  In 
August of 2019, conditions at these sites were 
similar to 2018, though not quite as extreme.  In 
both years, the available habitat for the 
inhabitants of the stream that require flowing 
water was virtually non-existent, at least in these 
two reaches.  While the watershed above the 
upstream site is fairly small (0.6 square miles), it is surprising that the flows drop so low at the lower 
Middle Road site which drains nearly 1.5 square miles.  Some of this is probably natural given the 
limited groundwater storage in the shallow to bedrock soils that cover most of the watershed.  
However, the recent increase in the frequency and duration of summer droughty periods which may 
be associated with climate change contributes significantly to the problem and may exacerbate it in 
the future.    
 
Water Quality 
 
Data loggers were deployed at a site approximately 200 feet downstrem of Middle Road from July 
16, 2019 to September 3, 2019.  The loggers recorded temperature, dissolved oxygen and specific 
conductance at 15 minute intervals over that period. 
 
Temperature.  Water temperature over the period ranged from 13˚C to 23˚C and fluctuated within 
this range mostly as a function of air temperature.  The 23˚C reading occurred on a day when air 
temperature reached 94˚F and the 13˚C during a period when daytime air temperature highs were in 
the high 60s or low 70s.  Streams such as Mill Creek are often quite cool during baseflow regardless 
of air temperature because their flow is mostly derived from cold groundwater, but, as discussed in 
the habitat section above, surface flows were so low in Mill Creek in late July and August that the 

Mill Creek at Middle 

Rd - Reach MR3 
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residence time of water in pools was long enough for high air temperatures to cause substantial 
warming. 
 
Dissolved Oxygen.  At 
times during the 
deployment dissolved 
oxygen concentrations 
(DO) at the monitoring 
station was lower than 
expected given the land use 
and riparian cover in the 
Mill Creek watershed.  
During the period from late 
July through mid-August 
DO frequently dropped 
below the Class B standard 
of 7.0 ppm.  On several 
occasions DO dropped 
diurnally below the Class C 5.0 ppm standard, with one instance as low as 3.5 ppm.  The periods of 
lowest early morning DO depression occur after long periods without significant rainfall and likely 
correlate with the lowest flows in the stream.  It may be that at these lowest flows the residence time 
of water in pools is sufficiently long to allow bacterial digestion of benthic organic matter to deplete 
oxygen more than it usually would.  This effect would also be enhanced by relatively limited 
reaeration in downstream riffles due to decreased turbulence.  These oxygen concentrations are 
likely low enough to be problematic for sensitive organisms, but the condition is likely “natural”, 
except that the high frequency and extended duration of periods of droughty weather that give rise 
to these extreme low flows may be a result of climate change. 
 
Specific Conductance.   Specific conductance (SPC) rises during the dry periods between storm 
events to as high as 320 µs when the stream flow is derived from groundwater.  As soon as low 
conductivity stormwater runoff reaches the stream, SPC drops precipitously reflecting dilution of 
the groundwater by the 
runoff.  The magnitude of 
the decrease appears to be 
a function of the amount 
of precipitation.  
Following the biggest 
rainfall (1.9 inches) of the 
monitored period SPC 
dropped from 282 µs to 49 
µs, the lowest value 
recorded during the 
deployment.  Since SPCs 
in totally natural settings 
range from 50 µs to 100 
µs, it is likely that the 
groundwater that 
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contributes to baseflow in Mill Creek is contaminated with chloride from deicing salts applied, in 
this instance, to Middle Road, but the contamination is likely not high enough to be a significant 
stressor on the biological community.  
 
Biological Condition 
 
During August of 2019 rock bags were deployed near the logger station to sample the 
macroinvertebrates (insects, crustaceans, worms and mollusks) living in Mill Creek.  Unfortunately, 
the taxonomic evaluation of these samples is not yet completed, so there is little known about the 
health of the stream’s biological community at this point.  When data becomes available this report 
will be updated. 
 
Stressors to the Biological Community 
 
Current Stressors.  The water quality data and habitat analysis suggest that two stressors are currently 
impacting Mill Creek biota – extremely low baseflow during droughty periods and diurnally low 
dissolved oxygen concentrations extreme low flows. 

• Low baseflow.  The very low baseflow conditions discussed in the habitat and water quality 

sections above impact the macroinvertebrate and fish communities of Mill Creek in several 

ways.  During these periods, most of the water in the stream is in the pools and runs, and the 

velocity of flow in these areas is so low as to be immeasurable.  The very small amount of 

flow in the riffles – often just a trickle – is so shallow and narrow that it provides little if any 

viable habitat for organisms adapted to living in a free flowing stream.  These include many 

of the mayfly, stonefly and caddisfly taxa.  The wetted area in pools and runs is also greatly 

reduced, thus limiting the habitat availabe for other taxa that do not require moving water.  

As discussed above, this condition is partly natural and has probably been a stressor in Mill 

Creek during particularly dry summers in the past, but the apparent increase in the frequency 

of droughty periods in recent years may be increasing the effect of this stressor.  The 

magnitude of the impact of this stressor on the macroinvertebrate community will be better 

understood after analysis of the taxonomic data from the 2019 macroinvertebbrate sampling 

is completed. 

• Diurnally low dissolved oxygen.  Early morning DO concentrations in Mill Creek drop to very 

low levels during periods of extreme low flow.  As discussed in the water quality section 

above, these low DO concentrations are likely a function of the very low flows in the stream 

and not attributable to excessive algal production and associated nutrient inputs.  The 

concentrations are low enough to affect the viability of particularly sensitive organsms (e.g. 

mayflies, stoneflies and brook trout) if the condition persists for a period of time, but the 

impact on these organisms when exposure is for a relatively short duration during relatively 

infrequent events is less well understood.  As with the low flow stressor, the magnitude of 

the the impact of these low DO events on the macroinvertebrate community will become 

evident when analysis of the 2019 taxonomic data is completed. 
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Potential Future Stressors 

• Baseflow chloride toxicity.  The Mill Creek watershed is mostly relatively sparse single family 

residential and forest land use, neither of which result in high levels of contamination of the 

groundwater with chloride.  As long as this land use pattern continues it is unlikely that 

baseflow chloride concentration will rise to a level that is problematic, but if land use were to 

shift toward commercial, institutional or office development the apparently small volume 

aquifer that feeds baseflow could become contaminated and salt intolerant stream biota 

could be lost. 

Stressors Associated with Downstream Waters 

• Nitrogen.  Mill Creek and its tributaries drain to Mussel Cove.  As discussed in the stressor 

report for Mussel cove, nitrogen is the limiting nutrient for algal production in the Cove and 

there is abundant habitat in the Cove for macroalgae.  While limited nitrogen data does not 

currently indicate elevated levels in the Cove, periodic high levels of fecal bacteria suggest 

the types of stormwater sources that would also discharge nitrogen are draining to the cove.  

There is the potential, given the available habitat, for eutrophication of the cove, including 

depressed oxygen levels. 

Management Implications 
 
Future Land Use.  While the topographical and 
geological setting and the relatively low density of 
development in the watershed may make it more 
resilient than its tributary streams, substantial 
addition of any of the following land uses to the 
Mill Creek direct watershed has the potential to 
degrade the stream’s biota: 

• Active agriculture (e.g. cattle farms, row 

crop truck farming or horse boarding 

facilities) have the potential to dramatically 

increase nutrient levels in the stream, 

resulting enhanced algal production and 

lower night time dissolved oxygen even in 

moderate flow conditions. 

• High densities of residential development 

that do not incorporate stormwater 

management BMPs that infiltrate runoff 

into vegetated areas could also elevate 

stream nutrient levels. 

• Concentrated impervious areas (i.e. 

commercial, business, institutional, 

multiunit residential) where stormwater 

Mill Creek -

Reach MR6 
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runoff is not distributed, intentionally or otherwise, over adjacent pervious buffer areas or 

otherwise attenuated by effective, well maintained channel protection detention storage 

could cause destabilization of the stream channel. 

• Large impervious areas that have deicing salts regularly applied to them, particularly parking 

lots, especially if the meltwater runoff is allowed to infiltrate into the groundwater. 

Falmouth’s current zoning in the watershed prevents some of these land uses, but if significant 
zoning changes are proposed the above should be considered.  
 
Stormwater Management.  The following types of stormwater management practices should be 
required for any new regulated development and prioritized for retrofit of existing development in 
the Mill Creek direct watershed: 

Single Family Residential 

• Require the initial site planning for subdivisions be laid out so that: 

o runoff from developed areas, including roads, will drain, to the greatest extent 

possible given the site’s topography, in unconcentrated flow to protected natural 

buffer areas. 

o natural drainageways and intermittent channels are protected and are not diverted by 

road ditches but are passed under the road via culverts that discharge into the 

downstream continuation of the natural drainage. 

• Minimize the use of fertilizers. 

 

Agriculture.  Although it is unlikely that significant commercial agriculture will be established in 

the Mill Creek watershed, the following practices should be required to minimize export of 

nutrients to the stream if such land use is proposed: 

• Commercial livestock or horse operations  

o incorporate conservative manure management practices 

o distribute runoff from pasture or holding areas into adjacent natural buffers 

• Commercial row crop operations (e.g. vegetable farming) 

o incorporate practices which minimize soil loss from cultivated fields 

o distribute runoff from cultivated areas into adjacent natural buffers 

 

Commercial, Institutional, Office, Multi-family Residential.  If zoning in the watershed is altered to allow 

significant development of this type, the following practices should be required, or at least 

encouraged. 

• Provide secure (no infiltration potential) channel protection storage of at least the first 1.5 

inches of runoff from parking, driveways and sidewalks where deicing salts are applied, such 

that the volume stored is discharged over a period of no less than 24 hours and no more 

than 72 hours.  Provide additional storage for very large, low frequency events (i.e. 2, 10 and 

25 year storms) unless their location in the watershed indicates that peak flows in the stream 

would be lessened by an early release.  To the greatest extent possible discharge this storage, 

at least from meltwater events, directly to the stream in order to avoid contamination of 



 
Maine Department of Environmental Protection                                                                                        

 

 

 

43 

 

          Falmouth Stream Stressor Individual Watershed Reports  

groundwater with chloride.  Requiring this type of flow mitigation on new development is 

essential to preventing further degradation of the stream’s habitat.  Retrofitting it into 

existing development where feasible will reduce the stream’s primary current stressor 

(frequent disturbance of substrate) and allow some recovery of the biological community. 

• Encourage practices and design principles that minimize the use of deicing salts such as 

roofed or under-business parking, heated sidewalks and driveways, and compact parking 

schemes. 

• Infiltrate as much salt-free roof runoff as possible. 

• For new development, implement BMPs that provide effective nitrogen removal, particularly 

if they are treating landscaped and high traffic areas. 

• Minimize the use of fertilizers on landscaped areas. 

Resource Protection and Restoration.   

• Shoreland Zoning.  Maintaining the natural corridor of Mill Creek is essential to preventing 

impairment of the stream’s biota.  Most of its corridor is currently zoned as stream 

protection.  This should be expanded to include the West Branch and the portion of the 

main stem upstream of the confluence with the West Branch to prevent significant 

disturbance of the vegetation shade and terrestrial habitat adjacent to the stream.   

Further Assessment Needs.  The results, when available, of the macroinvertebrate samples collected 
in 2109 may point to a need for additional assessment of the stream and its corridor.  If the 
macroinvertebrate community appears to be already under significant stress, more data may be 
needed to characterize the source and scope of the stressor(s) that are indicated.  As conditions in 
the watershed change due to new development, monitoring should be repeated to see if the stream 
or its biota have been altered. 
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Mussel Cove 

Mussel Cove is an approximately 0.1 square mile (~55 acres), intertidal embayment characterized by 

a narrow, 0.5 mile long channel extending from the Rt. 88 (Foreside Rd.) crossing to the Cove 

mouth.  Mussel Cove begins at its intersection with Mill Creek, remains constricted through a 

shallow sill approximately 0.25 mile from the Rt. 88 overpass, and then broadens before opening to 

the inner Casco Bay.   

Habitat 
 

Mussel Cove is composed mostly of 

intertidal silt and sand flats, with some 

scattered boulders and ledge in the 

upper intertidal and at the Cove mouth.  

The Cove is bounded by segments of 

narrow, fringing salt marsh around its 

upper intertidal perimeter, and a dense, 

fringing bed of eelgrass (Zostera marina) 

at its mouth.  The eelgrass bed ranges 

from 300-500 ft in width, and has been 

present since prior to 1993.  The upland 

boundary is characterized by fringing to 

more extensive tree cover, behind which 

are residential lawns and/or fields.  No 

more than approximately a dozen ramps 

and floats extend from the upland over 

the intertidal shoreline.  

Water Quality 
 
Known studies of Mussel Cove water 
quality occurred during spring-summer 
2006-20081 and on four dates in 
summer-fall 2013 (Maine DEP 
unpublished data).  While a sparse data 
set and representative mostly of Mussel Cove mouth conditions, available information demonstrates 
a marine-dominated embayment with temperature and salinity ranging from approximately 6°C to 
19°C, and 24 ppt to 31 ppt (April to November), respectively.  Available observations indicate low 
turbidity (mean 2.49 NTU), low dissolved inorganic nitrogen (<0.01 mg/L to 0.12 mg/L) and 
phosphorus (<0.01 mg/L to 0.21 mg/L) concentrations, and the potential for bacterial and/or algal 
productivity to influence dissolved oxygen and pH conditions.  Total nitrogen concentrations from 
the 2013 survey reflect levels typical for inner Casco Bay’s marine-dominated embayments (0.15 

 
1 Libby, S., Anderson, D. and B. Keafer. 2010. Red Tides in Inshore and Offshore Casco Bay and Their Relationship 

to Local and Gulf of Maine Physical and Biological Conditions: Final Report to the Casco Bay Estuary Partnership. 

October 2010. 

Figure 7. Mussel Cove Map. 
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mg/L to 0.31 mg/L; mean = 0.25 mg/L (n=6)).  Libby, Anderson and Keafer (2010)1 demonstrated 
influence at the mouth of Mussel Cove from Portland Harbor-area freshwater sources including the 
Presumpscot River, whose influence was observed most notably during spring (April, May) 
monitoring dates.  The influence of Mill Creek on quality of the upper, constricted portion of 
Mussel Cove is not known, though localized freshening and eutrophication immediately following 
storm events could be reasonably expected.  Similarly, the influence of surface flow off residential 
land during heavy rainfall could affect the water quality character overlying tidal flats and within pore 
water close to shore.   
 
Mussel Cove (Area No. 132) is currently “restricted” to the harvest of clams, quahogs, oysters and 
mussels due to elevated scores of fecal indicator bacteria, as monitored year round by the Maine 
Department of Marine Resources (ME DMR).  Two survey sites located within Mussel Cove 
demonstrated geometric mean values and 90th percentile scores of 6.30 CFU/100 mL and 44 
CFU/100 mL, respectively (inner site) and 5.80 CFU/100 mL and 48 CFU/100 mL, respectively 
(outer site) during 2018.  Additional fecal coliform scores are available for 2015-2017 through ME 
DMR’s Public Health Map Web App3, and generally demonstrate higher scores for the inner 
embayment site. 

 
 
 

 
2https://www.maine.gov/dmr/shellfish-sanitation-management/closures/documents/13.pdf  
3 https://www.maine.gov/dmr/shellfish-sanitation-management/maps/index.html 
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Biological Condition 
 
No studies of the biological community are known from Mussel Cove, although the community is 
anticipated to consist of those benthic organisms typical of small grain size, intertidal and shallow 
subtidal habitats (polychaetes, bivalves, and small crustaceans).  Larger crustaceans such as crabs are 
likely, and finfish like winter flounder and striped bass as well as marine mammals such as seals may 
also occupy Mussel Cove in search of food resources during tidal inundation.  The persistent and 
dense eelgrass present at the mouth of the Cove may locally increase biological diversity and 
abundance of some species known to inhabit this habitat type for refuge or forage.  
 
Stressors to the Biological Community 
 
Sufficient water quality data gaps exist that inhibit robust assessments of biological stressors.  The 
well documented, elevated levels of fecal indicator bacteria keep the intertidal and shallow subtidal 
flats restricted to harvest due to potential human health impacts, which may help to protect the 
natural abundance and distribution of shellfish within Mussel Cove.  The periodic high levels of 
fecal bacteria, however, may reflect localized eutrophication of Mussel Cove.  Nutrient sources to 
the Cove likely include wildlife contributions introduced from Mill Creek and the intertidal 
shoreline, runoff from urban and residential land, and human discharges from vessels operating or 
moored within or just outside the mouth of Mussel Cove.  While the sparse nitrogen data available 
do not demonstrate elevated concentrations of nitrogen, the potential for increased vulnerability 
exists if nitrogen levels increase or loading becomes more persistent through storm events.  The 
architecture of Mussel Cove offers quality habitat for nuisance macroalgae and accumulation of 
organic matter, both of which would fuel increased productivity and corresponding extremes of 
dissolved oxygen and pH.  Additionally, eutrophication of Mussel Cove could lead to deterioration 
of the eelgrass resource, thereby reducing valuable subtidal habitat and water quality benefits.   
 
Management Implications 
 
Future Land Use.  Addition of any of the following land uses to the Mussel Cove watershed, 
including its direct watershed and tributaries, has the potential to degrade the cove’s habitat, result in 
nuisance macroalgae and exacerbate the events of elevated fecal bacteria: 

• Active agriculture (e.g. cattle farms, row crop truck farming or horse boarding facilities) have 

the potential to dramatically increase nutrient and bacteria levels in the cove. 

• High densities of residential development that do not incorporate stormwater management 

BMPs that infiltrate runoff into vegetated areas could elevate cove nutrient levels. 

• Concentrated impervious areas (i.e. commercial, business, institutional, multiunit residential) 

where stormwater runoff is not distributed, intentionally or otherwise, over adjacent 

pervious buffer areas or otherwise attenuated by effective, well maintained channel 

protection detention storage could cause destabilization of tributary stream channels and 

result in increased loading of sediment and nitrogen to the cove. 

Falmouth’s current zoning in the watershed prevents some of these land uses in the direct 
watershed, but rezoning in areas. 
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Stormwater Management.  The following types of stormwater management practices should be 
required for any new regulated development and prioritized for retrofit of existing development in 
the Mussel Cove watershed: 

Single Family Residential 

• Require the initial site planning for subdivisions be laid out so that: 

o runoff from developed areas, including roads, will drain, to the greatest extent 

possible given the site’s topography, in unconcentrated flow to protected natural 

buffer areas. 

• Minimize the use of fertilizers and pick up pet waste. 

 

Agriculture.  Although it is unlikely that significant commercial agriculture will be established in 

the Chenery Brook watershed, the following practices should be required to minimize export of 

nutrients to the stream if such land use is proposed: 

• Commercial livestock or horse operations  

o incorporate conservative manure management practices 

o distribute runoff from pasture or holding areas into adjacent natural buffers 

• Commercial row crop operations (e.g. vegetable farming) 

o incorporate practices which minimize soil loss from cultivated fields 

o distribute runoff from cultivated areas into adjacent natural buffers 

 

Commercial, Institutional, Office, Multi-family Residential 

• For new development, implement BMPs that provide effective nitrogen removal, particularly 

if they are treating landscaped and high traffic areas. 

• Minimize the use of fertilizers on landscaped areas. 

Resource Protection and Restoration.   

• Eelgrass protection.   

o Encourage recreational vessel operators to avoid anchoring or dragging fishing gear 

within eelgrass beds and adjacent habitat. 

o Provide resources to recreational vessel operators about available pump out vessels 

and shore-side locations to avoid dumping of human waste. 

• Protect fringing marsh habitat by keeping people and their belongings off the marsh surface.  

• Avoid direct impacts on marine habitat by shoreline structures, and minimize indirect 

impacts, like shading, of intertidal and subtidal vegetation.  

Further assessment needs.   

• Identification of sources of fecal bacteria. Conduct bacteria monitoring to identify and bracket any 

bacterial hotspots, including tributary streams. Investigate potential sources through 

shoreline surveys and watershed surveys.  Consider any potential sources, including leaking 

sewer lines and connections, malfunctioning septic systems, pet waste, wildlife and hobby 

farms. 
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• Additional monitoring.   

o Report any evidence of widespread, dense and/or persistent green macroalgal cover 

in the intertidal zone to the Friends of Casco Bay. 

o Monitor the health of the eelgrass bed at the mouth of the Cove by observing 

fouling (generally trailing, fluffy brown growth) on the conspicuous ends of shoots 

during low tides.  Compare the appearance of the shoots and degree of fouling to 

eelgrass along the shoreline to the north and south of the Cove to determine 

qualitative differences in water quality that may affect the eelgrass health. 
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Hobbs Brook 

Hobbs Brook is a 1.5 mile long stream that starts just north of Range Road in the town of 
Cumberland. The brook is joined by a tributary from Falmouth just prior to crossing Gray Road, 
and another tributary from Cumberland soon after. The brook feeds into the Pisacataqua River 
about half a mile upstream of the river’s crossing of I-95 at Hurricane Road. Hobbs Brook is a Class 
B stream and does not meet water quality standards for dissolved oxygen and E. coli. Summary 
information about the stream and its watershed is available in Appendix 6-18 of the Maine Statewide 
TMDL for NPS Pollution (2016). 
 
Watershed Characterization 
 
Hobbs Brook’s watershed is approximately 
1447 acres (2.26 sq miles). Landuse consists 
of forested (60.3%), agriculture (34.5%), 
developed (4.4%) and wetland (0.8%).  
(Maine NPS TMDL, 2016) 
 
Water Quality 
 
Data loggers were deployed (Site HB-1) 
approximately 200 feet downstream of Gray 
Road, alongside a hayfield from July 16, 
2019 to September 3, 2019. The data 
loggers recorded temperature, dissolved 
oxygen and specific conductance at 15 
minute intervals over that time period. The 
dissolved oxygen logger was partially buried 
when checked mid-deployment and at 
retrieval. Data was removed from analysis 
for those periods the logger appeared 
buried. 
 
Temperature.  Water temperature over the 
period ranged from 13˚C to 28˚C, with a 
mean value of 20˚C. Maine’s regulations 
relating to temperature (06-096 CMR 
Chapter 582) require that discharge of 
pollutants not raise the temperature of any 
river and stream above the EPA criteria for 
indigenous species (23 °C maximum and 19 
°C weekly average). While there are no licensed discharges on the brook, the EPA criteria indicate 
that during the deployment period, Hobbs Brook likely does not meet the temperature needed for 
indigenous species. 
 
 
 

Figure 8. Hobbs Brook Watershed & Monitoring Site 
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Dissolved Oxygen.  The dissolved oxygen logger was partially buried in sediment when checked 
mid-deployment and at retrieval. Data was removed for the periods it appeared to have been buried.  
Dissolved oxygen was predominantly below the Class B standard of 7.0 ppm, with values from 3.3 
ppm to 7.8 ppm, and a mean value of 5.8 ppm for the period recorded. The diurnal swing was 
regularly around 2 ppm, with a maximum of 3 ppm, indicating that the low nightime dissolved 
oxygen was a result of periphytic algal respiration. This suggests that nutrient levels in the brook are 
high enough to support significant algal production under optimal conditions and that shade is 
insufficient to limit that production. The overall low dissolved oxygen levels indicate increased 
bacterial respiration as well.  

 
Specific Conductance.  During logger deployment, specific conductance ranged between 83 µs and 
210 µs, with a mean value of 170 µs. These values do not suggest chloride levels that are 
problematic. While not problematic to stream biota at current levels, baseflow specific conductance 
decreased with rainfall, suggesting slight chloride contamination of the groundwater at that location 
which was approximately 200 feet downstream of Gray Road.  
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Biological Condition 
 
During August of 2019 rock bags were deployed near the logger station to sample the 
macroinvertebrates (insects, crustaceans, worms and mollusks) living in Hobbs Brook.  
Unfortunately, the taxonomic evaluation of these samples is not yet completed.  The results will be 
made available when the evaluation is complete. 
 
Stressors to the Biological Community 
 
Current Stressors.  The water quality data and 
watershed analysis suggest that two stressors are 
currently impacting Hobbs Brook’s biota.  These are 
likely to be most significant in the slower reaches 
without forest riparian cover. 

• Depressed dissolved oxygen.  The amount of 

periphytic algae in streams is limited by the 

avalability of light and nutrients.  The 

relatively large swing in diurnal DO indicates 

that both light and nutrients are currently 

sufficient to support significant algal 

production in Hobbs Brook and likely results 

in loss of many taxa from the community. 

The overall low DO levels indicate increased 

bacterial respiration as well, possibly from 

manure sources given the watershed landuse. 

• Lack of habitat diversity.  The lack of forested 

riparian cover in many areas limits the 

amount of woody debris that is deposited in 

the channel and its associated habitat 

diversity.  It is likely that this lack of variation in habitat in turn results in macroinvertebrate 

and fish communities that are limited to taxa that do well in low velocity and sand/silty sand 

substrates. 

Stressors associated with downstream waters.   

• Phosphorus and Nitrogen.  Hobbs Brook is a tributary to the Piscataqua River which in turn 

drains to the Presumpscot River, then drains to Casco Bay.  Phosphorus is the limiting 

nutrient for algal production in the freshwater Piscataqua and Presumpscot Rivers and 

nitrogen is the limiting nutrient in the saltwater bay.  While an analysis of the Piscataqua 

River and Presumpscot River was not completed as a part of this study, the input of 

nutrients from tributaries, including Hobbs Brook should be included in such an analysis.    

Hobbs Brook –  HB-1 

Monitoring Location 
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Management Implications 
 
Future Land Use.  Substantial addition of any of the 
following land uses to the Hobbs Brook watershed 
has the potential to further degrade the stream’s biota: 

• Active agriculture (e.g. cattle farms, row crop 

truck farming or horse boarding facilities) 

have the potential to increase nutrient levels in 

the stream, resulting in enhanced algal 

production and lower night time dissolved 

oxygen. 

• High densities of residential development that 

do not incorporate stormwater management 

BMPs that infiltrate runoff into vegetated 

areas could also elevate stream nutrient levels. 

• Concentrated impervious areas (i.e. 

commercial, business, institutional, multiunit 

residential) where stormwater runoff is not 

distributed, intentionally or otherwise, over 

adjacent pervious buffer areas or otherwise 

attenuated by effective, well maintained 

channel protection detention storage could cause destabilization of the stream channel. 

• Large impervious areas that have deicing salts regularly applied to them, particularly parking 

lots, especially if the meltwater runoff is allowed to infiltrate into the groundwater. 

Stormwater Management.  The following types of stormwater management practices should be 
required for any new regulated development and prioritized for retrofit of existing development in 
the watershed: 

Agriculture.  The following practices should be required to minimize export of nutrients to the 

stream: 

• Commercial livestock or horse operations  

o incorporate conservative manure management practices 

o isolate clean runoff (e.g. roof) from high use areas 

o distribute runoff from pasture or holding areas into adjacent natural buffers 

• Commercial row crop operations (e.g. vegetable farming) 

o incorporate practices which minimize soil loss from cultivated fields 

o distribute runoff from cultivated areas into adjacent natural buffers 

 

Single Family Residential 

• Require the initial site planning for subdivisions be laid out so that: 

Hobbs Brook – upstream 

from Gray Rd crossing  
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o runoff from developed areas, including roads, will drain, to the greatest extent 

possible given the site’s topography, in unconcentrated flow to protected natural 

buffer areas. 

o natural drainageways and intermittent channels are protected and are not diverted by 

road ditches but are passed under the road via culverts that discharge into the 

downstream continuation of the natural drainage. 

• Minimize the use of fertilizers. 

 

Commercial, Institutional, Office, Multi-family Residential.  If zoning in the watershed allows significant 

development of this type, the following practices should be required, or at least encouraged. 

• Provide secure (no infiltration potential) channel protection storage of at least the first 1.5 

inches of runoff from parking, driveways and sidewalks where deicing salts are applied, such 

that the volume stored is discharged over a period of no less than 24 hours and no more 

than 72 hours.  Provide additional storage for very large, low frequency events (i.e. 2, 10 and 

25 year storms).  To the greatest extent possible discharge this storage, at least from 

meltwater events, directly to the stream in order to avoid contamination of groundwater with 

chloride.  Requiring this type of flow mitigation on new development is essential to 

preventing further degradation of the stream’s habitat.  Retrofitting it into existing 

development where feasible will reduce the stream’s primary current stressor (frequent 

disturbance of substrate) and allow some recovery of the biological community. 

• Encourage practices and design principles that minimize the use of deicing salts such as 

roofed or under-business parking, heated sidewalks and driveways, and compact parking 

schemes. 

• Infiltrate as much salt-free roof runoff as possible. 

• For new development, implement BMPs that provide effective nitrogen removal, particularly 

if they are treating landscaped and high traffic areas. 

• Minimize the use of fertilizers on landscaped areas. 

Resource Protection and Restoration.   

• Riparian Buffer Restoration.  Allowing woody vegetation to grow along the impacted riparian 

corridors is essential to restoring the stream’s biota.  Larger, woody vegetation would allow 

for the natural addition of large wood to the stream, increasing habitat diversity. Larger 

vegetation would also provide shading of the stream, cooling it down and decreasing growth 

of algae. 

• Shoreland Zoning.  Maintaining areas of natural corridor of Hobbs Brook are also essential to 

restoring the stream’s biota.  Hobbs Brook is not currently designated for protection under 

the Falmouth shoreland zoning ordinance.  Its corridor should be zoned as stream 

protection to prevent further disturbance of the vegetation shade and terrestrial habitat 

adjacent to the stream.   
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• Instream habitat enhancement.  The lack of habitat and flow diversity in the brook could be 

addressed by strategic additions of large wood in the stream channel.  These could both 

provide additional substrate for colonization by macroinvertebrates and improve dissolved 

oxygen due to increased velocity.   

Further Assessment Needs.  The results, when available, of the macroinvertebrate samples collected 
in 2109 may point to a need for additional assessment of the stream and its corridor.  If the 
macroinvertebrate community appears to be under significant stress, more data may be needed to 
characterize the source and scope of the stressor(s) that are indicated.  As conditions in the 
watershed change due to new development, monitoring should be repeated to see if the stream or its 
biota have been altered. 
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EXECUTIVE SUMMARY 

A fluvial geomorphic assessment was completed of five streams in Falmouth, Maine: 

Chenery Brook, Hobbs Brook, Norton Brook, Mill Creek, and Webes Creek.  The 

assessment was completed to determine what restoration actions might be taken to 

remove Hobbs Creek from Maine’s impaired streams list and ensure the other four 

streams are not listed as urban-impaired streams by the Maine Department of 

Environmental Protection.  The findings were used to identify the impacts of urbanization 

on channel morphology and physical aquatic habitat in order to develop conceptual 

restoration options that will address the identified underlying causes for stream 

degradation.  In total, 30 distinct geomorphic reaches of uneven lengths were delineated 

on the five streams with breaks between reaches occurring where the character of the 

valley or channel changes abruptly.  Many  of the reach breaks are at stream crossings 

where undersized culverts often disrupt the continuity of geomorphic, hydraulic, and 

ecological processes.   

Human activities in the watershed have impacted the five assessed streams to varying 

degrees and extents.  In-stream wood is an important element of high-quality physical 

aquatic habitat on streams in temperate climates.  While the riparian zones on the five 

streams are well forested in most areas, long sections of even the most densely forested 

reaches are devoid of wood and may reflect past land clearance activities from decades 

ago.  Streams that have had predominately forested watersheds for decades, such as 

Chenery Brook, Mill Creek, and Norton Brook, have more wood in the channel than 

watersheds that have become less forested through time (e.g., Webes Creek) or have only 

recently become reforested (e.g., Hobbs Brook).  Forests take time to mature sufficiently 

for trees to begin decaying and naturally falling into the stream channel.  In-stream wood 

levels in even the most forested of the five assessed streams are still below levels in 

pristine watersheds and will take decades to noticeably improve naturally.  Therefore, the 

associated habitat benefits of in-stream wood could be more rapidly restored through 

“chop and drop” wood addition projects in remote areas or anchored wood additions 

using log sills, isolated logs, and log jams near stream crossings and other developments. 

Multiple undersized stream crossings are present along the five assessed streams with at 

least one such crossing on each stream.  Undersized crossings are unable to convey large 

flow discharges without impounding flow, upsetting the natural hydrological, 

geomorphological, and ecological continuity of the stream.  Large wetland complexes 

dominated by low growing alders have formed upstream of undersized crossings on all 

five streams (e.g., upstream of Johnson Road on Norton Brook), although natural 

wetlands may have existed in some of these areas prior to the crossings’ presence.  Since 

the backwatering upstream of a culvert leads to deposition, flows exiting the culvert 

outlet are sediment starved and scour downstream of the undersized culverts is sometimes 

severe, exposing a hardpan clay on the stream bottom and eroding banks.  The most 

dramatic scouring is present downstream of the railroad culvert on Chenery Brook, 

although the highest priority for a culvert replacement is at the Northbrook Drive culvert 

on Norton Brook where the headwall is damaged and the road could potentially be 

overtopped by severe backwatering during a large storm.  The best restoration measure to 

Falmouth streams geomorphic assessment report - June 2023     Page 3 of 171



 

address the impact of the undersized crossings is to replace them with geomorphically 

compatible structures that have a width at least equivalent to the stream channel and also 

provide for relief culverts where wide floodplains are present.  Larger structures may take 

years to replace given the high cost, so log crib walls and log sills could be used in the 

interim to address the impacts of bank and bed scour, respectively, at the undersized 

culvert outlets. 

 

Past direct human activities on or near the stream channel continue, at least locally, to 

constrain the stream’s adjustment and impact channel morphology.  An old dam on Mill 

Creek blocks the sinuous natural flow path with the stream now flowing through a deep 

eroding gully around the dam’s flank.  Artificial fill on the floodplain at two or more 

locations on Norton Brook constrains channel migration and the development of a more 

natural sinuous planform.  On the most upstream reach of Webes Creek, channel 

constraints by fill has caused erosion of the opposite bank and exposure of a manhole 

along the sewer line paralleling the length of the stream.  Portions of the five streams 

were likely straightened in the past and the resulting higher flow velocities tend to be 

associated with the exposure of a habitat-poor hardpan clay on the stream bottom.  

Ideally, these various constraints to channel adjustment can be removed as part of 

restoration efforts (e.g., fill removal), so natural conditions can develop and be sustained 

over time.  Elsewhere, log jams and other restoration structures could be constructed to 

more immediately improve aquatic habitat and encourage meander redevelopment along 

straightened reaches. 

 

Human development within the watersheds of the five streams has increased over time, 

particularly in the Webes Creek watershed.  Little evidence was seen on the five streams 

that excess runoff from impervious surfaces or concentration of runoff was having a 

direct impact on the stream channels.  However, concentration of runoff along Route 1 

has resulted in the erosion of a small gully that has led to deposition of a delta into 

Chenery Brook at the mouth of the gully.  The excess runoff from development could, 

however, be indirectly contributing to erosion of the bed and banks more directly related 

to other human activities (e.g., undersized crossings).  In-stream efforts to address these 

issues could include reclamation of the floodplain through the removal of artificial fill 

and the addition of in-stream wood, both of which should reduce flood flow velocities 

potentially enhanced from excess (and the concentration) of runoff. 

 

Despite the human influences on the five streams, natural conditions still exert a strong 

influence.  A great length of all five streams flow through stiff fine-grained glaciomarine 

clays and silts (i.e., hardpan), leading to channels with a low width:depth ratio (i.e., 

relatively deep and narrow) and high sinuosity with sometimes very tight meanders 

developing.  Wood in the channel is typically associated with positive habitat attributes 

such as cover, flow complexity, and the deposition of sediment above the hardpan clay.  

These natural conditions indicate that restoration efforts focused on removing constraints 

to natural processes and increasing wood loading in the stream channels will lead to 

sustainable habitat improvements that will keep the streams from being listed as urban 

impaired by the State of Maine. 
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1.0 INTRODUCTION 

The following report presents the findings and recommendations resulting from a fluvial 

geomorphic assessment of five streams in Falmouth, Maine (listed in alphabetical order): 

Chenery Brook, Hobbs Brook, Mill Creek, Norton Brook, and Webes Creek (Figure 1).  

Hobbs Brook is in a separate watershed in a rural setting that drains to the Piscataqua 

River, whereas Chenery Brook, Norton Brook, and Webes Creek are tributaries to Mill 

Creek that drains directly into Mussel Cove.  The watersheds of Hobbs Brook, Chenery 

Brook, and Norton Brook extend into the neighboring Town of Cumberland but the 

geomorphic assessment was restricted to Falmouth alone. 

Figure 1. Map showing the location of the five assessed streams and their surrounding watersheds. 
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The five assessed streams are either impaired (Hobbs Brook) or could potentially be 

listed as urban impaired by the Maine Department of Environmental Protection (DEP), 

and, as a result of a listing, the streams would face stricter stormwater discharge 

requirements (Web citation 1).  The geomorphic assessment of each stream was 

completed to: 1) establish the current condition of the streams and the natural and human 

factors, past and present, influencing those conditions; 2) determine whether excess 

stormwater and sediment runoff from development in the surrounding watersheds and 

other human activities are causing habitat and water quality degradation in the streams; 

and 3) identify and develop conceptual restoration projects that will sustainably enhance 

aquatic habitat, macroinvertebrate assemblages, and fish populations.  The conceptual 

restoration projects are intended to ensure that the streams meet DEP’s designated stream 

class and, as a result, either prevent the stream’s from being listed as urban impaired or 

remove the existing impaired listing on Hobbs Brook.   

The geomorphic assessment consisted of five technical tasks: 1) review of background 

materials including previous reports, soils maps, and surficial geology maps; 2) historic 

assessment of channel and watershed changes using topographic maps and aerial 

photographs; 3) a rapid geomorphic assessment of the stream channels; 4) a detailed 

assessment including mapping of channel features and topographic surveying of channel 

dimensions; and 5) development of conceptual restoration designs.  Each component of 

the assessment was similarly completed on all five streams.  The results for each of these 

technical tasks are discussed below. 

2.0 BACKGROUND REVIEW 

The background review of existing materials consisted of an evaluation of previous 

reports, topographic maps, and surficial geology maps relevant to understanding the 

natural conditions and human activities influencing conditions on the five assessed 

streams.  The most significant findings resulting from the background review include: 

 Timber was an important part of Falmouth’s economy in the 1700s (Web citation

2).  Lumber mills operated on the Presumpscot and Piscataqua Rivers as well as

Mussel Cove.  In addition, Falmouth was an important supplier of white pine for

use as masts by the British navy.  While no mention of the five assessed streams

is mentioned in the History of Falmouth Maine (Web citation 2), logs in the 1700s

were moved along streams, so log drives on the five streams could very well have

occurred to supply timber for the lumber mills and British ships.  Mill Creek,

given its name and size, might have had mills and associated dams even upstream

of its confluence at Mussel Cove known to have mills;

 Interstate 295 was completed through Falmouth in 1961 (Web citation 3) with

construction presumably beginning in the 1950s.  I-295 crosses both Mill Creek

and Chenery Brook and, for some distance, closely approaches and parallels

Chenery Brook. As a result, I-295 may be causing an impact on portions of Mill

Creek and Chenery Brook;
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 The first railroad came through Falmouth in 1848 (Web citation 4).  Since two rail

lines pass through Falmouth, some uncertainty remains as to whether the line that

crosses Chenery Brook and Mill Creek was operational in 1848 or sometime after

but before 1889 as the railroad appears on a topographic map surveyed that year

(Web citation 5).  The rail line crossings and proximity of the rail grade to the

stream in other locations has likely locally impacted both streams for more than a

century;

 The level of riparian zone disturbance (within the Town of Falmouth) varies

between the five streams with: a) 26 percent disturbance along Chenery Brook, b)

six percent along Hobbs Brook, c) 15 percent along Mill Creek, d) 12 percent

along Norton Brook, and e) 44 percent along Webes Creek (Web citation 1).  The

amount of wood in the five assessed stream channels may be, at least partially,

related to the levels of disturbance within the associated riparian zones.  Streams

with wood in the channel generally have higher fish populations (Flebbe, 1999), a

greater abundance and richness of macroinvertebrates (Bond et al., 2006), and

more complex physical habitat (Benke and Wallace, 2003);

 Topographic maps available for download and use in Google Earth (Web citation

6) reveal features useful in anticipating stream conditions and controls.  Chenery

Brook and Norton Brook are separated by an elevated narrow linear ridge, all

three of which parallel each other.  The ridge is likely composed of bedrock and

suggests that ledge might be exposed along these two streams as well as Mill

Creek that crosses the southern nose of the ridge near the confluence of Chenery

Brook.   Ledge is less likely to be found on Webes Creek and Norton Brook.  The

lower end of Mill Creek is highly sinuous and flows through a tidal marsh before

reaching Mussel Cove downstream of Route 1.  Given that Norton Brook and

Webes Creek enter Mill Creek downstream of Route 1, tides may influence the

lower ends of these two streams as well;

 Surficial geology maps show that large portions of Chenery Brook, Norton Brook,

and Webes Creek flow through the Presumpscot Formation, a gray to bluish-gray

marine silt and clay (Web citation 7 – Portland East Quadrangle), suggesting that

a compacted, or hardpan, silt and clay may be occasionally exposed on the bed

and banks of these streams (referred to as a hardpan clay throughout the report).

Similar conditions likely exist on Mill Creek from a short distance upstream of

the Chenery Brook confluence down to the Norton Brook confluence, although

the Presumpscot Formation is mapped as just a thin veneer over bedrock upstream

of the Chenery Brook confluence, so ledge is also likely present along the channel

in this area.   Glacial till, an admixture of  clay, silt, sand, gravel, and even

boulders, is mapped along the upper portion of Mill Creek and is also found as a

thin veneer over bedrock in  upland areas along the edges of Chenery Brook and

Norton Brook, so a gravel or coarser substrate derived from the till or bedrock is

possible on these three streams.  A coarse substrate on Webes Creek is less likely

to be found as the entire length of the stream is within the Presumpscot
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Formation.  Like Mill Creek, Hobbs Brook is entirely within the Presumpscot 

Formation (Web citation 7 – Cumberland Center Quadrangle), so a coarse 

substrate is unlikely but hardpan clay on the bed or banks should be expected. 

3.0 HISTORICAL ASSESSMENT 

The historical assessment of the five streams consisted of: a) a visual inspection of 

historical aerial photographs and topographic maps to identify changes in channel 

position and b) a GIS analysis of land use changes in each watershed. 

3.1 Channel changes 

Topographic maps of the five streams are available back to maps surveyed in 1889 (and 

published in the early 1890s) and can be compared with other historical topographic 

maps from 1916, 1941, and 1956 (Web citation 8) as well as the most recent topographic 

map from the 1980s available for viewing in Google Earth (Web citation 6).  The 

resolution of the 1890s topographic maps is poor, so uncertainty remains as to whether 

the minor changes discussed below are actually on-the-ground changes or merely 

artifacts of comparing maps of different resolution.  Two examples are the apparent a) 

development of high amplitude meanders in the tidal marshes of lower Mill Creek and b) 

shift at the confluence of Norton Brook shown on the 1890s maps as first joining 

Chenery Brook before entering Mill Creek.  If these changes really did occur, they would 

have happened prior to 1916 but they are more likely only artifacts of different mapping 

methods and resolution rather than actual changes.  If Norton Brook did flow into 

Chenery Brook in the past, then the construction of Route 1 with a high road grade 

between the two streams would be the most plausible explanation for the change.  

However, Route 1 wasn’t constructed in Maine until 1926 (Web citation 9) and, 

therefore, after the apparent change in position of the Norton Brook confluence.  The 

only more definitive change observed is that the position of upper Mill Creek on the 

1980s topographic map differs from its current position in the large flat wooded area 

downstream of Long Creek Way; whether the channel was rerouted or whether the map 

shows Mill Creek following a preexisting tributary rather than what is now defined as 

Mill Creek is uncertain.  Other minor changes have possibly occurred but the resolution 

of the maps are insufficient to identify such changes on these relatively small streams. 

Aerial photographs of the five streams are available on Google Earth back to 1996 and 

Earth Explorer back to 1940 (Web citation 10).  Unfortunately, the streams are too small, 

the banks generally well forested, and the resolution of the aerial photographs frequently 

too poor to discern channel changes over time.  The aerial photographs do show the 

riparian zones of the Mill Creek watershed have largely remained forested through the 

photographic record despite increasing development in the watershed.  The aerial 

photographs were also useful in identifying land use changes in the watersheds (see 

Section 3.2 below). 
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3.2 Watershed land use changes 

Watershed land use changes can cause impacts to the channel by altering the amount of 

runoff and sediment delivered to the channel during storm events.  A rapid decline in 

biotic diversity occurs on urban streams where more than 10 percent of the watershed is 

covered with impervious surfaces (Klein, 1979).  Urbanization also impacts the physical 

characteristics of streams in several ways including increases in channel size, greater bed 

and bank erosion, and more simplified channel morphology (e.g., loss of pools, less in-

stream wood) (McBride and Booth, 2005). 

How the amount of forested, open land, and, in particular, developed land has changed 

through time was determined by hand digitizing the limits of each land use type within 

the watersheds of the five assessed streams on aerial photographs from 1940, 1960, 1975, 

2006, and 2022 (Appendix 1).  While the field assessments of the streams themselves 

included only those portions of the streams within the Falmouth town limits, the land use 

mapping included the entire area of the watersheds, even those portions of Chenery 

Brook, Hobbs Brook, and Norton Brook (and as a consequence Mill Creek as well) that 

extend into the Town of Cumberland.  Maps are provided only for the Hobbs Brook and 

Mill Creek watersheds with the watershed limits of Chenery Brook, Norton Brook, and 

Webes Creek clearly demarcated on the Mill Creek watershed maps.  The data on land 

use changes displayed in Figure 2 and Table 1 separate out the results for these three 

subwatersheds, while the data for Mill Creek includes both the data for these three 

subwatersheds and the additional areas outside the limits of those subwatersheds. 

Figure 2. Land use changes through time by percentage of watershed area on the five assessed streams. 
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Table 1. Land use changes through time on the five assessed streams. 

 

Three land use categories were mapped: forested lands, open lands, and developed lands.  

Forested lands are those areas of large contiguous tree growth.  Open lands include 

agricultural areas, open fields that may or may not be in agricultural production, and 

wetland/marsh areas.  Developed lands are those areas where homes, commercial 

developments, and roadways are concentrated.  While changes in the amount of 

developed lands serve as a proxy for changes in the amount of impervious surface area, 

the total percentage of impervious surface area is likely much less than the percentage of 

developed lands that also includes small patches of open space, trees, etc.  Further 

refinement of the land use mapping, such as carefully mapping impervious surface areas, 

was not possible given the resolution and clarity of the older aerial photographs. 

 

With only minor exceptions, the amount of agricultural land (including open fields and 

marsh land that might not be in production) has decreased over time in each of the five 

watersheds, while the amount of developed land has increased (Figure 2 and Table 1).  

The percentage increase in developed land has been significant in the Mill Creek 

watershed with most of the increase occurring after 1975 (Table 1).  The increases in 

development have been most significant in the Webes Creek subwatershed, particularly 

in the upper watershed (Appendix 1).  As a result, a greater percentage of the watershed 

in the upper portion of Webes Creek will be covered with impervious surfaces and, 

therefore, the channel is more likely to be impacted by excess runoff.  Development in 

the other watersheds is not only less significant overall but also less concentrated, so is 

less likely to cause an impact.  However, development activities directly on the streams, 

regardless of the overall percentage of imperviousness in the watersheds, could impact 

the streams (e.g., road crossings). 

 

Mill Creek, Chenery Brook, and Norton Brook have remained well forested since 1940 

(Figure 2 and Table 1).  Despite recent losses in forest cover to development, that 
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development has largely avoided the riparian zone (Appendix 1), so considerable in-

stream wood might be present in these stream channels.  In contrast, while Hobbs Brook 

has seen the greatest increase in forest cover since 1940, less in-stream wood may be 

present because the forest is less mature and fewer trees dying and falling into the stream 

channel as would be expected in an older forest stand. 

4.0 RAPID GEOMORPHIC ASSESSMENT 

As part of the Rapid Geomorphic Assessment completed in Fall 2023, each of the five 

streams were  subdivided into reaches of uneven length.  Each reach is a relatively 

homogeneous length of stream channel that has a character distinct from adjacent reaches 

or is separated from an adjacent reach by a structure (e.g., culvert) or land feature (e.g., 

tributary confluence) that significantly alters the channel morphology upstream and/or 

downstream.  The reaches on each stream are numbered sequentially from the upstream 

end and given a prefix letter to identify the stream (the first letter of the stream’s name) 

such that Reach N1 is the most upstream reach on Norton Brook.  See Appendix 2 for 

maps of all of the reach locations on the five streams.  Some of the streams extend into 

the neighboring town of Cumberland, but the assessments and the reach numbering are 

restricted to Falmouth.  Delineating the reaches and characterizing the morphological 

conditions present in each reach are critical for identifying the natural and human factors 

potentially responsible for observed channel instabilities and degraded aquatic habitat. 

Reaches that share similar traits are referred to as “like-reaches” and an understanding of 

channel response or effective restoration techniques gained in one reach may apply to 

other “like-reaches”.  See Table 2 (placed at the end of the report) for details on the 

location, length, and characteristics of each reach.  The breaks between reaches occur at 

observable changes resulting from various natural and human conditions such as a change 

in channel confinement, channel gradient, or human alteration of the channel such as at a 

culvert.  Typically, these reach breaks, whether at natural or human features, represent 

grade controls whereby channel adjustments in adjacent reaches cannot migrate upstream 

or downstream due to constraints at the reach breaks themselves.  Consequently, the most 

dramatic channel adjustments often occur immediately adjacent to the reach breaks.   

The rapid geomorphic assessment was conducted on all of the delineated reaches on the 

five streams using an adaptation of EPA’s Streamwalk protocol developed by Maine 

Inland Fisheries and Wildlife (Appendix 3).  The rapid geomorphic assessment uses 

visible physical characteristics of the stream to identify whether the stream is undergoing 

morphological adjustments associated with aggradation (e.g., presence of bars, siltation in 

pools), degradation (e.g., headcuts, elevated tree roots), widening (e.g., leaning trees, 

erosion on both sides of channel), or planform changes (e.g., cut-off channels, formation 

of islands).  Depending on the total number of features observed that are indicative of 

these adjustments, the stream is characterized as either “in adjustment” (i.e., numerous 

observed features), “transitional/stressed” (i.e., some observed features), or “in regime” 

(i.e., very few or no observed features) (Appendix 3). 
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Reaches “in regime” are considered geomorphically stable (i.e., in equilibrium) and are 

taken to represent the natural state of the channel that would emerge in the absence of 

human impacts.  In contrast, reaches categorized as “stressed” or “in adjustment” are 

considered to be responding to varying degrees to human influences (e.g., channel 

straightening) or natural events (e.g., floods).  However, the scores are based on the 

presence or absence of certain features and not how well developed those features are.  

Consequently, a clearly degrading reach evidenced by dramatic increases in bank height 

may still classify as “in regime” if none of the other characteristic features of degradation 

are present.  Furthermore, some unaltered stream reaches are naturally dynamic and the 

resulting complexity is important for ecosystem health, so the presence of some of the 

assessed features does not necessarily imply unstable or undesirable conditions.  

Consequently, the results of the rapid geomorphic assessment are best corroborated by a 

qualified professional (i.e., fluvial geomorphologist) and/or more detailed assessments. 

Of the 30 total assessed reaches on all five streams, only one, on Norton Brook, rates as 

“in adjustment”, eight are classified as “transitional/stressed”, and 21 are considered “in 

regime” (Appendix 1).  These results accurately reflect the overall good and intact 

morphological condition of all five streams and suggest current conditions do not 

represent a great departure from what might be expected naturally.  While human 

alterations of the channel are causing localized impacts, systemic channel responses 

extending across multiple reaches or even the full length of individual reaches are not 

present.  Consequently, stream restoration efforts on the five streams addressing the 

localized impacts observed are likely to have a greater chance of success. 

The overall reach conditions recorded on the rapid geomorphic assessment forms 

(Appendix 3) do not accurately capture all of the localized channel adjustments occurring 

on the streams,  Consequently, a brief description of each reach from upstream to 

downstream on all five streams (presented in alphabetical order) is provided below with 

ideas for potential restoration projects where appropriate.  Table 2 provides a summary of 

the conditions and potential restoration options for each reach.  A priority rating is given 

to provide a sense as to how important the project is to complete for improving 

geomorphic and habitat function, and a complexity rating is given to indicate how 

difficult the project will be to complete in terms of access and perceived landowner 

willingness among other considerations (although likely costs are indicated in a separate 

column.  A priority/complexity rating of high/low is ideal as great benefit can accrue 

relatively easily, whereas a low/high rating would require great effort with little benefit.   

4.1 Chenery Brook 

Reach C1 – Cumberland town line to railroad culvert 

Much of the reach is likely impacted during large storms by flow impoundment upstream 

of the undersized railroad culvert at the downstream end that may also enhance 

development of the high amplitude meanders, relatively deep and narrow channel 

morphology (i.e., low width:depth ratio), and fine-grained substrate (i.e., sand and silt) 
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that characterize the low-gradient reach.  Bank erosion and undermined trees are present 

where the meander apices impinge on the higher slopes of clay along the valley’s edge 

with narrow sandy point bars observed on the inside bends of the tight meanders Figure 

3a).  Numerous small logs in the channel create flow complexity where present (Figure 

3b).  More and larger wood would likely be in the channel if the riparian vegetation 

consisted of larger trees rather than the shrubs and grasses present under the power line 

under which the stream flows for most of the reach. 

Given the limited access to the reach, “chop and drop” wood additions (i.e., directionally 

felling standing trees into the steam) could increase wood loading and flow complexity in 

those areas where the stream moves away from the power line and tall mature trees are 

present. 

Figure 3. Reach C1 exhibits a) bank erosion where meander apices impinge on higher banks and b) flow 

complexity where wood is present in the channel. 

Reach C2 – Railroad culvert to widened floodplain with sinuous channel 

Severe scour of the banks is evident at the outlet of the railroad culvert (Figure 4a) with 

the bed substrate stripped away to hardpan clay and a large cobble bar formed 

downstream that has infilled the channel, forcing the channel to shift into an eroding 

bank.  Beyond the scour area, the channel has been artificially straightened against the I-

295 road grade, perhaps resulting in the cutting off of a now abandoned meander that is 

located just upstream of a constricting ridge of higher ground on the right bank floodplain 

(looking downstream).  The straightened channel has a sandy substrate for most of its 

length and minimal wood, pools, and flow complexity are present (Figure 4b).  The high 

road grade of Interstate 295 is composed of large boulders at its base, but the right bank 

floodplain is quite wide in most areas.  The floodplain is forested with mature trees, 

providing a good canopy despite only a few mature trees on the I-295 road grade. 

Given the limited access to the reach, “chop and drop” wood additions could increase 

wood loading and flow complexity along the straightened channel that comprises nearly 

the entire length of the reach.  Wood additions are likely to immediately improve flow 

complexity and pool depths where the substrate is sandy.  The leaning trees downstream 

of the railroad culvert (Figure 4a) indicate scour is ongoing and could be treated, if access 

routes are identified, with log cribbing to reduce erosion and fine sediment inputs into the 
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channel.  Low log sills could be placed on the channel bed to redirect flow away from the 

scoured banks and trap sediment to provide a substrate above the hardpan clay.  Larger 

marginal log jams could be built along the straightened channel to encourage meander 

development. 

Figure 4. Reach C2 a) exhibits severe scour downstream of the railroad culvert and beyond the scour b) is 

artificially straightened with minimal wood, pools, and flow complexity in the channel. 

Reach C3 – From start of widened floodplain with sinuous channel to Johnson Road 

As  the channel moves away from the I-295 road grade and the straightened portion of the 

channel ends, a more sinuous channel emerges with the meanders sometimes impinging 

on natural higher ground along the left bank (Figure 5a).  Numerous tall standing dead 

trees are present on the floodplain, many of which have fallen into the channel to form 

log jams and good flow complexity (Figure 5b).  Beaver activity was observed in the 

reach and is partially responsible for the abundance of wood in the channel.  The dead 

standing trees suggest the area was previously impounded, but such ponding likely ended 

approximately five years ago based on the size of new saplings now growing on the 

floodplain.  A small dam and upstream pond is present just upstream of Johnson Road 

near a residential property, although another unknown reason (perhaps beaver activity) is 

considered responsible for impounding the entire reach.  The Johnson Road culvert is 

nearly as wide as the channel and no deposition is present upstream that would suggest 

backwatering is occurring upstream of the culvert. 

Figure 5. Reach C3 is a) more sinuous than Reach C2 and b) loaded with large fallen wood that forms log 

jams and good flow complexity. 

Falmouth streams geomorphic assessment report - June 2023     Page 14 of 171



Stream conditions are good through most of the reach, but removal of the dam and 

associated rock work is recommended, assuming permission is granted by the landowners 

who do not seem to currently occupy or use the property. 

Reach C4 – Johnson Road to area of increasing confinement 

An 8-inch diameter gas line crosses the stream just downstream of the Johnson Road, but 

no significant scour is present at the culvert outlet that would threaten the pipeline.  The 

high left bank just downstream of the gas pipeline is unstable (Figure 6a).  A gravel 

substrate is present near the gas pipeline, perhaps associated with the pipeline or erosion 

from the high bank.  The stream quickly transitions to a sinuous channel downstream 

with a low width:depth ratio and clay banks.  Abundant small wood has created multiple 

log jams and beaver dams (Figure 6b), creating good flow complexity; a side channel has 

been carved into the wide floodplain where impounded flow behind one log jam 

overtopped the bank.  The presence of two adjacent sharp right angle bends in the 

channel may indicate the reach was channelized in the past.  The floodplain is well 

vegetated with shrubs dense enough to provide a good canopy over the narrow stream.  

The absence of tall mature trees suggest the floodplain is inundated for extended periods. 

Figure 6. Just downstream of the gas pipeline a) the high bank is eroding, while further downstream b) 

numerous log jams and beaver dams are present in the channel. 

Given the good condition of the stream, poor access, and lack of tall mature trees for 

chop and drop, restoration is not critical nor practical for much of the reach.  Outreach to 

the landowner is recommended to discuss conservation, so the reach can remain 

undisturbed.  Bank stabilization of the high bank just downstream of the gas pipeline 

could be completed with log cribbing but is not considered essential as the pipeline is not 

considered threatened by the erosion (Figure 6a). 

Reach C5 – From area of increasing confinement to I-295 culvert 

Although Reach C5 maintains a sinuous channel in parts, the floodplain narrows 

considerably as higher ground approaches closer to the channel from both sides (Figure 

7a) with some erosion along the higher banks.  A cobble substrate is present where the 

channel impinges on the high ground.  A cobble substrate is present for 150ft upstream of 

the I-295 culvert and suggests no backwatering is occurring upstream of the appropriately 
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sized culvert.   A large beaver dam is impounding much of the reach with abundant 

leaves floating on the stagnant water in the channel (Figure 7b) with a second smaller 

beaver dam just downstream.  Additional logs and branches that have fallen into the 

channel also improve flow complexity.  Tall trees are present on the high ground and 

provide some canopy over the channel (Figure 7b) with lower shrubs still dominating the 

floodplain vegetation (Figure 7a) as in Reach C4. 

Figure 7. Reach C5 has a) a narrower floodplain as high ground on both sides converge and b) a lengthy 

impounded area upstream of a large beaver dam. 

Given the good condition of the stream and poor access, restoration is not critical nor 

practical for much of the reach.  Outreach to the landowner is recommended to discuss 

conservation, so the reach can remain undisturbed.  With tall trees on the high ground in 

close proximity to the channel (Figure 7b), chop and drop could be performed along 

portions of the reach to further improve flow complexity. 

Reach C6 – I-295 culvert to sharp bend on high right bank 

Immediately downstream of the I-295 culvert, Chenery Brook is narrowly confined by 8-

foot high banks on both sides of the channel (Figure 8a).  Ledge extends high up the left 

bank near the culvert, but is found only at the base of the bank further downstream with 

clay of the Presumpscot Formation above.  The high right bank is largely composed of 

the glaciomarine clay with some sloughing close to the culvert.  However, severe scour is 

not observed, because the culvert is nearly as wide as the channel.  The right bank 

remains confining throughout the reach but a floodplain emerges on the left bank near the 

downstream end of the reach with a vegetated overflow channel present.  Within the 

channel, a cobble substrate is present through the confined reach and becomes finer 

downstream with sand bars along the channel margins, including on the inside of the 

sharp bend at the downstream end of the reach (Figure 8b).  The sand bar formation 

coincides with the emergence of the left bank floodplain and backwatering upstream of 

the sharp bend.  A beaver dam and other wood are present in the channel but the wood is 

not abundant.  A few mature trees are growing on both banks and provide some canopy 

over the stream channel. 

Chop and drop wood additions could increase flow complexity in this short reach, but is a 

low priority given the existing in-stream wood and beaver dam. 
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Figure 8. C6 is a) confined at the upstream end with b) sand bars present further downstream where at a 

sharp bend at the downstream end of the reach. 

Reach C7 – Sharp bend on high right bank to Mill Creek confluence 

Reach C7 is highly sinuous with a sandy substrate and eroding banks on the outside bend 

of meanders (Figure 9a).  A wide floodplain is present but the channel occasionally 

impinges on the high banks along the back edge of the floodplain.  A former channel is 

present on the floodplain at the upstream end of the reach and along with two close by 

sharp right angle bends in the channel suggest the channel’s position may have been 

altered in the past by humans.  The presence of wide sand bars, leaning trees along 

undermined and eroding banks, and abundant wood in the channel indicate the channel is 

dynamic and the meanders actively migrating.  While the channel has a low width:depth 

ratio in places as a result of the meander migration and bar deposition, flow complexity is 

good, pools are formed around logs in the stream, and a well developed canopy covers 

nearly the entire reach due to the mature forested floodplain.  A cobble bar has formed at 

the mouth of a small tributary (Figure 9b) that is actively eroding from runoff 

concentrated along Route 1. 

Figure 9. Reach C7 has a) a sinuous channel with abundant wood, bars, and undermined and eroding 

banks and b) a cobble bar formed at the mouth of an eroding gully off of Route 1. 

Reach C7 is currently in good condition, so restoration in the channel is a low priority, 

although chop and drop and reactivating the abandoned channel could increase flow 

complexity and reduce sediment inputs from the high banks, respectively.  A higher 
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restoration priority would be to add wood to the eroding gully off of Route 1 to reduce 

the erosion and trap sediment before reaching Chenery Brook. 

4.2 Hobbs Brook 

Reach H1 – Cumberland town line to Gray Road 

Reach H1 is characterized by a sinuous sand-bed channel with a low width:depth ratio 

flowing through an alder and cattail dominated wetland (Figure X).  Flow in the channel 

was stagnant at the time of the assessment during low-flow conditions.   Backwatering 

upstream of the Gray Road culvert may enhance the wetland conditions that would likely 

persist even in the absence of the culvert.  A gas pipeline crosses the channel and wetland 

immediately upstream of the culvert.  Few mature trees are growing along the channel 

nor was wood observed in the channel, although the channel was closely inspected only 

at its downstream end at Gray Road. 

Restoration is not recommended for Reach H1 given the persistent wetland conditions 

and no perceived threat to the gas pipeline, Gray Road, or other nearby infrastructure 

(e.g., adjacent residential homes). 

Figure 10. Reach H1 has a low width:depth ratio as it flows through a wetland. 

Reach H2 – Gray Road to high confining left bank 

A scour pool lined with cattails is present at the outlet of the 10-foot wide and 4-foot high 

Gray Road culvert (Figure 11a); the culvert closely matches the channel’s dimensions but 

does block floodplain/wetland conveyance, so has a scouring effect at high flows.  The 

banks throughout the reach are composed of the Presumpscot Formation with the clay 

forming a hardpan substrate on the channel bottom where not covered by a thin bed of 

gravel along riffles or soft fine sediment and organics in areas of more stagnant flow.  A 

few isolated boulders are seen throughout the upper half of the reach and may be 

associated with past farming activities.  A low discontinuous floodplain is inset within a 
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higher continuous floodplain, suggesting channel incision occurred in the reach.  The 

sinuous channel with a low width:depth ratio has little in-stream wood with only a few 

mature trees growing along the channel that passes through open fields (Figure 11b). 

Figure 11. Reach H2 has a) scour pool at the outlet of the Gray Road culvert, but further downstream is b) 

a sinuous channel with little in-stream wood. 

Flow complexity could be increased and sediment deposition enhanced above the 

exposed hardpan clay substrate through wood additions such as low log sills.  Chop and 

drop could be used in the lower third of the reach where the approaches uplands with 

mature trees.  Any restoration activities would first require the permission of the 

landowner. 

Reach H3 – From high confining left bank to Piscataqua River confluence 

Reach H3 is a relatively straight channel that flows along a high surface on the left bank 

with only a narrow floodplain before encountering higher ground on the right bank as 

well (Figure 12a).  The channel has a soft substrate and very low banks perhaps due to 

infilling by fine sediments associated with past ponding caused by a fallen large tree 

crossing the channel downstream that was further jammed up by small branches 

emplaced, in part, by beaver (Figure 12b).  The highwater mark of the impoundment is 

demarcated along the high left bank by a color change on the ground (marked by red 

arrows on Figure 12a) with a thin gray film of fine silt draping the lower slope and right 

bank floodplain.  The impoundment has since drained as the channel has migrated around 

the fallen tree.  One small tree has fallen across the channel within the formerly 

impounded area (at red arrow furthest to right in Figure 12a) and may act as a log sill to 

improve flow complexity within this upper portion of the reach with otherwise little 

wood.  The channel is better defined with higher banks downstream of the formerly 

impounded area.  While few mature trees are found on the narrow floodplain, particularly 

in the impounded area, forest growth on the higher adjacent surfaces provides a good 

canopy over the entire channel (Figure 12). 

Given the relatively undisturbed condition of the stream, restoration is not critical for 

much of the reach.  Outreach to the landowner is recommended to discuss conservation, 

so the reach can remain in a fairly pristine condition.  With landowner permission, Reach 

H3 would be an excellent candidate for chop and drop given the large stand of mature 
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trees growing on the high ground near the channel and the upper portion of the reach that 

is largely devoid of in-stream wood (Figure 12a). 

Figure 12. The upper portion of Reach H3 was a) impounded by b) a fallen large tree jammed with smaller 

branches further downstream. 

4.3 Mill Creek 

Reach M1 – Route 9 to Olde Blackwood Way 

Immediately below Route 9, Reach M1 flows in a well defined sinuous channel (Figure 

13a) with a substrate of clean pea-sized gravel.  Within 250 ft of Route 9, the channel 

quickly transitions into a wetland with a poorly defined channel that comprises most of 

the reach’s length.  The impounded flow condition is enhanced by a small culvert passing 

under a private driveway but wetland conditions are present on both sides of the culvert.  

A well defined channel reemerges as the channel becomes increasingly confined by 

higher ground.  The channel, behind a residential home, appears to have been altered by 

human activity with a large meander cutoff and the channel now straight.  At the 

downstream end, a sharp right angle bend is present (Figure 13b) at the edge of Olde 

Blackwood Way as part of a realignment of the channel to flow through the culvert.  In-

stream wood is creating good flow complexity at the downstream end of the reach with 

jams forming as leaves and smaller branches are trapped behind larger fallen trees.  A 

mature forested buffer is growing at the upstream and downstream ends of the reach 

(Figure 13).  The channel through the wetland area is bordered by low growing alders. 

The private driveway culvert could be enlarged to reduce backwatering in the wetland 

area.  The culvert under Olde Blackwood Way could be repositioned to better align with 

the preexisting flow path and, thus, eliminate the sharp bend (Figure 13b) that could 

create erosion problems by the road during a large storm.  Chop and drop or wood 

additions could be used to increase flow complexity at the upstream and downstream 

ends of the reach, but will require landowner permission. 
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Figure 13. The upper part of Reach M1 has a) a well defined sinuous channel while the end of the reach 

has b) a sharp bend indicating the channel was realigned to pass through the culvert. 

Reach M2 – Olde Blackwood Way to Route 9 

Minor bank scour has occurred at the outlet of the undersized double culvert under Olde 

Blackwood Way.  The straightened channel behind the home and barn in the upper reach 

has a high width:depth ratio with little in-stream wood.  An abandoned meander is 

present on the right bank (Figure 14a) that extends upstream to Olde Blackwood Way and 

aligns with the sharp bend in Reach M1 (Figure 13b from reach M1), suggesting the main 

flow path was moved as part of road construction or prior human activity.  Downstream 

of a small culvert under a field road, the stream transitions into a wetland area dominated 

by cattails and alders with the straightened channel eventually approaching and then 

flowing along Route 9 at the end of the reach (Figure 14b).  The stream passes through a 

culvert under Paddington Way before taking a sharp left turn into the culvert under Route 

9 that is set a bit low (but does not appear to be problematic).  A large tributary enters the 

stream immediately upstream of the Route 9 culvert.  Given the fields behind the home 

and barn in the upper reach and low shrubs in the wetland, very few large mature trees 

are present along the channel to provide canopy cover or a long-term source for wood 

recruitment into the stream for improved habitat and flow complexity. 

Figure 14. Reach M2 a) has an abandoned meander in the upper reach and b) flows along Route 9 at the 

downstream end of the reach. 

Restoration opportunities include replacing the field road with a larger culvert or ford and 

realigning the stream to avoid a sharp bend entering the Route 9 culvert.  The channel 
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could be realigned to reestablish flow in the old meander and eliminate the hard bend in 

Reach M1 (Figure 13b from Reach M1), but this would require moving the culvert under 

Olde Blackwood Way.  If this proves insurmountable, then another option would be to 

place a relief culvert under the road at the sharp bend, so flood flows can pass into the old 

meander and reduce some of the erosive force on the road grade.  Wood could be added 

to the channel in the form of low log sills to improve flow complexity without increasing 

flooding, so could be palatable to the landowner who would need to provide permission 

for the project. 

Reach M3 – Route 9 to Long Creek Way 

The Route 9 culvert outlets at a sharp bend and flows directly into a left bank composed 

of ledge and, given the sharp bends at both the inlet and outlet of the culvert, suggests 

significant modifications to the channel alignment occurred during the construction of 

Route 9.  An overflow chute has formed on the left bank floodplain just beyond the ledge 

outcrop.  The channel flows across a wide floodplain that is slightly constrained by 

artificial fill on the right bank on which homes have been built along Route 9.  The 

channel has a high width:depth ratio and the upper part of the reach may have been 

artificially straightened in the past, but three high amplitude meanders have formed in the 

lower reach (Figure 15a), likely due to a combination of flow impoundment downstream 

and clay bank materials.  The channel substrate contains pea gravel at the upstream end 

but is predominately sand before reaching the downstream end with occasional small 

sand bars present along the margins of the channel.  For short lengths, in-stream wood is 

creating good flow complexity with minor flow impoundment upstream, cascading flow 

over logs, and overflow onto the floodplain (Figure 15b).  However, in general, the 

amount of wood in the channel is minimal despite the forested floodplain with numerous 

tall mature trees providing a full canopy over the channel.  The undersized culvert at the 

downstream end is paired with an additional small culvert set at the floodplain elevation. 

Figure 15. Reach M3 has a) high amplitude meanders and b) good flow complexity where wood is present. 

Resizing the Long Creek Way culvert will be simpler than realigning the Route 9 culvert 

given the size of the roadways.  Naturally, wood loading in the forested channel will 

increase slowly as the forest ages, but a chop and drop project will lead to immediate 

aquatic habitat improvements.  The artificial fill on which several homes and yards are 

situated is not a severe channel constraint so need not be removed. 
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Reach M4 – Long Creek Way to the bedrock falls 

Reach M4 has a sinuous channel with a substrate ranging in size from pea gravel to sand.  

The upper reach has a low width:depth ratio and relatively high banks due to minor 

incision, in part associated with scour at undersized culverts at Long Creek Way and a 

private driveway, that transitions to a channel with a higher width:depth ratio, lower 

banks, evidence of abandoned meanders on the floodplain, and greater sinuosity.  High 

amplitude meanders, similar to Reach M3 (Figure 15a for Reach M3), become more 

frequent downstream as the stream becomes backwatered upstream of the bedrock falls.   

A few small sand bars have formed along the margins of the channel.  While wood is 

largely absent from the channel despite a well forested buffer with several tall mature 

trees (Figure 16a), wood that is present, even very small pieces, help to trap sand and fine 

gravel (Figure 16b) and create good flow complexity. 

Figure 16. Wood is a) largely absent from Reach M4 despite a well forested buffer but, where present, b) 

even small pieces of wood help trap sediment. 

Replacing the two undersized culverts at the upstream end of the reach will improve 

sediment transport continuity and reduce scour.  One is under a small road and the other a 

private driveway.  These projects are likely feasible but they are not creating major 

problems so are considered a low priority.  Greater improvements reach wide would be 

achieved by completing chop and drop wood additions that would immediately improve 

aquatic habitat.  This is a long wooded reach that should be a high priority for land 

conservation as conditions will improve over time if no actions are taken. 

Reach M5 – From the bedrock falls to the transmission line 

Reach M5 is characterized by a channel confined by high banks and a series of small 

bedrock waterfalls (Figure 17a) separated by steep sections with large boulders and, in 

places, bifurcated flow around islands.  At the base of one falls, a side channel has 

formed where flow escapes the main channel at high flow.  The channel widens 

dramatically for a short distance where the high banks recede away from the channel, 

leading to a wide low-gradient area backwatered behind additional bedrock falls 

downstream.  A large sand delta has formed where a small tributary enters this ponded 

section (Figure 17b).  Minimal wood is in the channel that is likely difficult to retain in 
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the steeper confined sections dominating the reach.  A well forested buffer with tall trees 

provides a full canopy throughout the reach. 

Figure 17. Reach M5 has a series of a) bedrock falls with an intervening b) a wide low-gradient 

backwatered area with a sand delta at a tributary confluence.  

Reach M5 is in excellent condition with limited need for restoration. Chop and drop 

could be completed in the short wider section where wood is more likely to be retained 

without anchoring but is considered a low priority. 

Reach M6 – From the transmission line to Middle Road 

Reach M6 is largely a sinuous channel with a high width:depth ratio, eroding banks, and, 

in most locations, a wide floodplain.  The channel occasionally bifurcates around islands.  

A hardpan clay outcrops on the stream bottom in many places while in others a cobble 

and gravel substrate is present with bedrock occasionally observed.  In some areas, the 

gravel particles are actually composed of clay derived from the hardpan (referred to as 

rip-up clasts of clay).  Small bedrock steps are present at the lower end of the reach.  An 

old remnant dam occurs within the reach (Figure 18a) with the stream having carved a 

deep gully through high banks of clay around the flanks of the dam with trees falling 

and/or slowly sliding into the channel from the top of the gully walls (Figure 18b).  The 

gully is straight but the original sinuous channel is still present downstream of the dam.  

Numerous log jams fully or partially cross the channel, although long sections are devoid 

of wood despite the forested floodplain that provides a full canopy over the channel along 

the entire reach.  The elliptical-shaped culvert at the downstream end of the reach spans 

the entire width of the channel, so no signs of backwatering (i.e., excessive deposition of 

fine sediment) are present. 

In addition to chop and drop through the entire reach to supplement the existing in-stream 

wood and enhance aquatic habitat, the remnant dam (Figure 18a) could be removed and 

the channel realigned into the former sinuous channel to prevent further fine sediment 

from eroding from the clay banks through the deep gully (Figure 18b).  A lot of wood 

could be placed in the gully to prevent further erosion but could remain as an overflow 

channel during large floods.  The gully could be Given that the Middle Road culvert 

already closely matches the channel’s width, no action needs to be taken. 
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Figure 18. Reach M6 has a) an old dam with b) a gully carved through clay around the dam’s flank. 

Reach M7 – Middle Road to downstream end of the bedrock gorge 

No scour is present downstream of the Middle Road culvert outlet, but a large gravel bar 

has formed just downstream (Figure 19a) that is more likely the result of  backwatering 

upstream of some bedrock falls (Figure 19b) than due to impacts associated with the 

culvert.  Most of the reach flows through a confined bedrock gorge with periodic low 

bedrock falls.  A rocky channel with a high width:depth ratio is present in lower gradient 

sections in between the falls.  An old remnant dam is at the top of one of the falls.  Wood 

is abundant in the channel with several log jams present (Figure 19b) with a well forested 

buffer present providing a full canopy over the channel throughout the reach. 

Figure 19. At the outlet of the Middle Road culvert a) a large gravel bar has formed but is more likely 

related to b) the bedrock falls just downstream. 

Reach M7 is in excellent condition with no need for restoration.  The old remnant dam is 

having no morphological impact and can remain in place.  Abundant wood is already in 

the channel, so chop and drop would provide little added benefit.  Attempting to conserve 

the land around the channel through the reach would prevent future development that 

might threaten the stream’s excellent condition.  Discussions with the landowner at the 

upstream end of the reach indicated his interest in conserving his parcel, so outreach to 

him might prove beneficial. 
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Reach M8 – From downstream end of the bedrock gorge to the railroad crossing 

As the channel becomes less confined at the downstream end of the bedrock gorge, the 

expansion of flow has created a bifurcated channel with one of the channels creating a 

large meander (Figure 20a).  Further downstream, a single wide channel forms with 

minimal in-stream wood (Figure 20b).  The left bank of the channel at the downstream 

end flows against the railroad grade and approaches the railroad culvert at a right angle, 

although no observable impact is associated with this sharp approach angle.  A forested 

buffer provides a canopy over the entire reach, including along the railroad grade. 

Figure 20. a) The stream bifurcates around an island at the upstream end of Reach M8 but becomes b) a 

wide single-thread channel at the downstream end (railroad grade on right side of photo).  

Chop and drop is recommended along the reach to immediately improve wood loading 

and aquatic habitat.  Given the railroad culvert just downstream, a log strainer should be 

built to catch any mobile wood to prevent blockage at the inlet of the culvert.  While 

better realigning the railroad culvert with the stream would restore full geomorphic 

function, implementation would likely be cost prohibitive and no significant negative 

impacts resulting from the poor alignment are evident. 

Reach M9 – Railroad crossing to I-295 

Significant scour is present at the outlet of the railroad culvert with erosion leaving 

boulders in the channel that formerly lined the bank for protection (Figure 21a).  The 

reach is characterized by high-amplitude meanders where scour on the outside bends of 

meanders is relatively minor.  Near the downstream end of the reach, the channel takes a 

sharp bend and becomes straighter where approaching and then flowing against a high 

bank.  At the end of the high bank, the channel takes another sharp bend (against more 

high ground opposite the high bank) that is severely scoured (Figure 21b) and then 

encounters a jumble of large boulders that partially block the channel before entering the 

I-295 culvert.  The origin of the boulders is uncertain and could be natural or placed by

humans (either part of a remnant dam or the result of I-295 construction).  The double

culvert under I-295 appears well sized and no evidence of backwatering was observed.

Aside from the boulders at the downstream and upstream (Figure 21a) ends, the substrate

is largely composed of sand.  Limited wood is found in the channel and large trees are

found only on the higher slopes with smaller trees and shrubs present on the floodplain.
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Figure 21. Scour in Reach M9 is most severe a) at the outlet of the railroad culvert and b) at a sharp bend 

against a high bank. 

Access to this reach between the railroad and I-295 would be difficult, so the only 

practical restoration alternative would be to conduct limited chop and drop where 

sufficient tall trees are available.  If access were available, removal of the boulders 

partially blocking the channel upstream of the I-295 culvert is recommended if they are 

determined to be unnatural.  Scour at the railroad culvert outlet is likely to continue 

unless the culvert can be resized, a likely cost-prohibitive endeavor.   

Reach M10 – I-295 to Route 1 

No scour is evident at the outlet of the double culverts passing under I-295 that, together, 

closely match the width of the channel.  No signs of fine sediment deposition are seen 

upstream of the Route 1 box culvert at the downstream end of the reach, a structure that 

also closely matches the width of the channel.  The sinuous channel between the culverts, 

flows across a narrow floodplain and occasionally impinges on the high banks  on the 

back edge of the floodplain.  A channel-spanning bridge crosses the stream where a 

private driveway passes over the channel, but the rock armor protecting the bridge 

abutments constricts the channel slightly (Figure 22a).  In-stream wood includes a log sill 

crossing the channel that is trapping pea-gravel upstream and creating flow complexity as 

water passes over the log (Figure 22b).  Elsewhere, a fallen tree spanning the channel at 

the floodplain level has caught wood underneath to create a log jam blocking the entire 

channel.  Only a partial canopy shades the channel as only a few large trees are present 

on the floodplain dominated by low growing shrubs. 

Some chop and drop could be completed in the reach but the number of available trees is 

limited and considerable in-stream wood is already present.  While the bridge (Figure 

22a) fully spans the channel, pulling back some of the armor to reduce or eliminate the 

constriction of the channel is recommended if approval is given by the landowner.  The 

culverts at the upstream and downstream end closely match the channel width and show 

no signs of morphological adjustment, so, while not ideal, are a low priority for 

replacement. 
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Figure 22. a) a bridge crossing the channel spans the channel but the rock armor partially constricts the 

channel and b) a log sill is trapping pea-gravel upstream and creating flow complexity. 

Reach M11 – Route 1 to Foreside Road 

The entire length of Reach M11 is tidally influenced.  The reach is initially confined by 

high banks of clay but downstream of the Norton Brook confluence opens up onto a wide 

tidal marsh with broad high-amplitude meanders traversing nearly the entire width of the 

marsh (Figure 23a).  The channel just below the Norton Brook confluence appears to 

have been artificially straightened with a low berm at the top of the right bank and higher 

ground along the left bank.  Daily fluctuations of the water level leads to sapping erosion 

of the fine-grained bank material along the entire reach with erosion most severe on the 

outside bends of meanders but occurring nearly everywhere as evidenced by the 

unvegetated banks and materials slumping into the channel.  A sewer line runs along the 

edge of the marsh for much of the reach’s length on the right bank at the base of the 

uplands.  While the sewer line is for the most part quite distant from the channel, at least 

one manhole has largely become exposed by erosion on the outside bend of a meander 

(Figure 23b) and others are close to the bank.  Wood in the upper confined reach is fairly 

abundant due to erosion of the high slopes but is much more limited downstream where 

the channel occasionally impinges on the uplands.  The substrate is fine-grained, often 

rippled, sand.  A forested canopy is restricted to the upper reach and the few areas where 

the channel flows near the uplands. 

The exposed manhole (Figure 23b) could be protected from further erosion by 

constructing a marginal log jam around it such that the structure would be in the center of 

the jam.  A series of log jams should be constructed along the eroding meander bend to 

prevent outflanking of the manhole protection structure.  Similarly, a series of log jams 

could be built along the left bank of the straightened section to encourage meander 

growth across the marsh.  Berm removal should accompany this restoration effort.  

Additional log structures could be built for habitat enhancement where the channel 

approaches the uplands, but would not look particularly natural if built in the center of the 

marsh where wood is unlikely to naturally collect. 
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Figure 23  Reach M11 is characterized by a) broad meanders across the marsh that have b) exposed a 

manhole through bank erosion in at least one location. 

4.4 Norton Brook 

Reach N1 – Cumberland town line to behind Street Cycles store 

The upstream end of the reach is slightly incised, and the channel’s position appears to 

have recently shifted along a short section (e.g., tree root crossing over the channel, tree 

growing in center of channel, headcut on small tributary).  Elsewhere, a shift in the 

channel’s position is ongoing as flow is split around an island with one channel showing 

signs of abandonment (e.g., accumulating fine sediments and organics).  These changes 

in channel position indicate the stream is dynamic.  Throughout the reach the channel is 

sinuous (Figure 24a) and becomes less incised downstream.  High-amplitude meanders 

are present, particularly at the downstream end of the reach where the floodplain is 

constricted by the placement of artificial fill at the Street Cycles building.  Where the 

outside bends of meanders occasionally impinge on the uplands at the edge of the 

floodplain, mass failures can occur.  A portion of the channel may have been straightened 

behind the Invisible Fence Building, although meanders are naturally reforming along 

this section.  A sand substrate characterizes the entire reach with small point bars of sand 

on the inside bends of meanders and overbank sand deposits occasionally observed on the 

floodplain along the margins of the channel.  Numerous log/stick jams and isolated wood 

is present in the channel and pools are carved in association with this wood.  The channel 

flows through a well-forested floodplain providing a full canopy over the channel (Figure 

24). 

The reach is largely in excellent condition with dynamic changes, flow complexity, and 

plentiful wood to ensure numerous habitat types in close proximity.  Additional wood 

could be added through chop and drop in areas with low wood loading but given the 

present condition, this is considered a low priority.  Bank erosion (Figure 24b) is not 

prevalent and need not be treated as no infrastructure is threatened and contributes wood 

and sediment to the channel that sustain the dynamic nature of the stream.  The stream, or 

at least the land on the left bank, is already conserved and under the control of a local 

land trust.  
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Figure 24. Reach N1 is a) a sinuous channel with b) erosion where channel impinges on uplands. 

Reach N2 – From behind Street Cycles store to Johnson Road 

Reach N2 is only slightly sinuous and may have been artificially straightened in the past, 

in part, and is now naturally reforming incipient meanders (Figure 25a).  A portion of the 

straight channel flows against artificial fill extending 50 ft out onto the floodplain behind 

the Street Cycles building.  Two steps in the stream profile occur along this section, one 

composed of broken asphalt pieces and the other of boulders presumably both derived 

from the fill.  The artificial fill extends downstream to just upstream of the European 

Bakery and Tea Room where the floodplain widens out again.  The substrate is sandy 

with some gravel, perhaps derived from the fill.  Limited wood is found in the channel, 

because the floodplain is dominated by shrubs with few tall trees, providing a dense low 

canopy over the stream channel (Figure 25b).  The density of the shrubs increases 

downstream, perhaps, in part, due to the backwatering effects upstream of the Johnson 

Road culvert that does not include any relief culverts across the wide floodplain. 

Figure 25.  Reach N2 a) may have been artificially straightened with incipient meanders now naturally 

reforming and b) has a dense growth of shrubs providing a low canopy over the channel. 

Wood additions in the channel could increase flow complexity and encourage further 

meander development, but access might be difficult given the dense vegetative growth.  

The artificial fill could be removed behind the Street Cycles store to restore the natural 

floodplain width, but would disrupt the existing business given the current use on the fill 

surface.  While the Johnson Road culvert closely matches the width of the channel, 

floodplain relief culverts should be added under Johnson Road to reduce backwatering 
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during large storm events and allow for the growth of a forested floodplain that would, 

over decades, provide a supply of wood into the channel. 

Reach N3 – Johnson Road to Northbrook Drive 

Scour downstream of the undersized Johnson Road culvert has created a slight perching 

at the outlet, exposed the geotextile fabric placed under the riprap on the bank, and 

caused erosion downstream of the riprap.  The first 200 ft of the reach are a dense thicket 

of shrubs across a wide floodplain similar to Reach N2 (Figure 25b from Reach N2) but 

quickly transitions downstream to a narrower floodplain confined by high forested 

bedrock-controlled uplands.  Possible remnants of an old dam where placed rocks extend 

up the higher slopes is present near where the natural confinement begins.  The channel is 

slightly incised with high amplitude meanders further downstream (Figure 26a) that have 

likely formed due to backwatering upstream of bedrock falls just downstream (Figure 

26b).  A mass failure is present on the high left bank at a sharp bend at the downstream 

end of the falls but does not threaten any infrastructure.  While a rocky substrate is found 

through much of the reach, a hard-pan clay is exposed on the channel’s bed and banks 

between the base of the falls and the Northbrook Drive culvert.  The gabion headwall 

above the Northbrook Drive culvert at the downstream end of the reach is failing (i.e., 

leaning and sliding down the slope) and needs to be fixed to prevent the culvert from 

becoming blocked.  In-stream wood is present in the reach but is not plentiful despite a 

well forested buffer with a full canopy through most of the reach (Figure 26). 

Figure 26.  In Reach N3, a) high-amplitude meanders have formed b) upstream of bedrock falls. 

The scour around the riprap downstream of the Johnson Road culvert could be replaced 

with log cribbing, but, as mentioned above for Reach N2, adding floodplain relief 

culverts is the best solution for reducing scour and restoring geomorphic function at the 

crossing.  Wood additions through chop and drop would improve flow complexity and 

trap sediment and cover the exposed hardpan clay, but should be anchored in place given 

the proximity to the Northbrook Drive culvert.  The headwall at the Northbrook Drive 

culvert needs to be repaired and the undersized structure enlarged to at least match the 

full width of the channel and perhaps also include floodplain relief culverts. 
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Reach N4 – Northbrook Drive to Mill Creek confluence 

The headwall at the outlet of the Northbrook Drive culvert has similar, but not as severe, 

problems as the inlet as described above for Reach N3.  A scour pool and eroding banks 

just downstream of the outlet are resulting from the undersized nature of the culvert.  The 

channel through the reach is slightly incised with high-amplitude meanders (Figure 27a) 

that are most prevalent at possible backwatering sites such as upstream of the Mill Creek 

confluence (with tidal influence) and upstream of an apparent old crossing to the gravel 

pit where fill blocks the floodplain (with two old displaced culvert pipes remain in the 

stream nearby).  Significant deposition is occurring locally even on the outside bend of a 

meander where a tributary enters and a large log  helps trap the sediment (Figure 27b).  

Plenty of wood is in the channel, particularly where meanders impinge on higher slopes 

and cause mass failures.  However, long stretches of stream have no wood (Figure 27a).  

A wide forested floodplain is present throughout the reach with a full canopy over the 

channel, although the floodplain is blocked at the inferred crossing to the gravel pit and 

constricted by artificial fill on which the Sullivan Tire store is built. 

Figure 27.  a) High-amplitude meanders and b) sand deposition (even on the outside bends of meanders) 

characterize Reach N4. 

The simplest and most effective restoration approach is to complete chop and drop to 

improve flow complexity, although the stream condition is good throughout the reach so 

is a low priority.  Repairs to the Northbrook Drive culvert and addition of floodplain 

culverts was already considered for Reach N3 (see above and Table 2d).  The removal of 

floodplain fill and the culvert pipes at the old gravel pit crossing are a high priority but 

may be difficult to access. 

4.5 Webes Creek 

Reach W1 – Culvert by Ace Hardware store to Depot Road 

Webes Creek drains the most heavily developed portion of Falmouth (Figure 2, Table 1, 

and Appendix 1). The upper portion of Reach W1 is straight and confined by high banks 

of natural clay and is further constrained on the right bank by brush, wood pallets, and 

concrete blocks discarded over the edge by the greenhouse operations situated on top of 
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the bank (Figure 28a).  Bank erosion is located directly across from the area of greatest 

constriction where the channel has shifted towards the left bank, exposing the base of a 

manhole along the sewer line that parallels the length of Webes Creek (Figure 28b).  A 

floodplain is present at the lower end of the reach and the channel becomes slightly 

sinuous.  The double culvert under Depot Road is backwatering the channel upstream 

where the substrate becomes increasingly soft.  Upstream in the confined area the 

substrate is rocky in places but much of the gravel component consists of rip-up clasts of 

clay derived from those areas where a hardpan substrate is exposed.  Aside from small 

branches, no wood is present in the channel.  The floodplain is dominated by shrub 

vegetation with few tall trees, so the canopy over the stream is limited. 

Figure 28.  In Reach W1 a) stumps, branches, and other fill on the right bank have constricted the channel 

and shifted the channel towards the left bank where b) erosion around a manhole is occurring. 

Removal of the largely organic fill on the right bank will reduce flow constriction and 

reclaim a narrow strip of floodplain in the confined upper reach.  After fill removal, the 

channel could be rerouted away from the eroding manhole with marginal log jams built 

around the structure as well as upstream and downstream.  Low log sills crossing the 

channel through the reach could trap more sediment and organics on the stream bottom 

and reduce the percentage of the bed that is either hardpan or clay rip-up clasts.  Resizing 

the Depot Road culvert would reduce backwatering on the floodplain upstream and allow 

for a planting project to encourage the growth of taller trees that will ultimately provide a 

better canopy over the channel and supply wood to the channel over time. 

Reach W2 – Depot Road to the end of the lawn 

Reach W2 is a short reach running the length of a grassy lawn on a residential property 

downstream of Depot Road.  The slightly sinuous channel flows against a higher bank of 

clay on the left bank and was likely artificially straightened in order to create a larger 

lawn.  Natural incipient meanders are reforming along the straightened channel (Figure 

29a).  Scour at the outlet of the Depot Street has displaced riprap to form a large cobble 

bar (Figure 29b).  Just downstream, a long narrow section of the lawn has slumped down 

the bank due to scour (Figure 29b).  The erosion continues through the upper half of the 

reach.  Downstream of the cobble bar, a hardpan clay is largely exposed on the stream 

bed with minimal substrate of fines and gravel.  A 6-inch pipe crosses the channel and 

connects to the sewer line and rests on the channel bed causing a minor flow 
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impoundment and accumulation of organic material (i.e., leaves and small branches) 

upstream.  With a lawn on the right bank and largely shrubs on the right bank, a canopy 

over the channel is largely absent and no large wood is present in the channel. 

Figure 29. Reach W2 flows a) in a straightened channel now naturally reforming meanders along the edge 

of the lawn with b) a large cobble bar and eroding banks downstream of the Depot Road culvert. 

Enlarging the Depot Road culvert would greatly reduce the scour and erosion observed in 

the upper portion of Reach W2.  Log sills could be spaced throughout the reach to help 

trap sediment and cover the hardpan clay while increasing flow complexity.  The eroding 

banks could be protected with log cribbing.  The pipe crossing the channel needs to be 

either removed (if no longer in use) or protected with a full channel spanning log jam and 

log cribbing along the banks to prevent damage from the impact of rocks, wood, or debris 

carried by high flows.  A more holistic approach to many of these problems might be to 

recreate the broader meanders across the lawn that were likely present naturally.  All of 

these restoration options will require landowner permission to implement with recreating 

meanders requiring removal of part of the lawn, so unlikely to be supported. 

Reach W3 – From the end of the lawn to the next lawn downstream on the right bank 

The upper portion of Reach W3 is a sinuous unconfined channel with bank erosion on the 

outside bends of meanders, especially where they impinge on the higher uplands, and 

significant sand deposition on the inside bends (Figure 30a).  The channel becomes 

straighter downstream despite a wide floodplain, so was perhaps artificially straightened 

in the past.  A dense growth of shrubs overhangs the channel close to the water surface 

and supplies small branches to form numerous jams that divert flow into side channels 

and create small steps in the longitudinal profile (Figure 30b).  The channel’s banks are 

very low and poorly defined, especially upstream of jams.  The sewer line runs along the 

reach on the left bank but does not directly impinge on the channel.  The channel 

substrate consists of a clay hardpan that is sometimes covered by a thin layer of clay rip-

up clasts or thick muck upstream of jams. 

Access to the reach is poor, although an access path is maintained along the sewer line 

off the left bank.  Clippings of shrubs were seen along the access path and could be 

bundled together with twine and placed in the stream to form additional steps like seen 

naturally (Figure 30b).  At minimal cost, this could further enhance flow complexity and 
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trap sediment to cover the hardpan clay where exposed.  Eroding banks at the upstream 

end of the reach are supplying the sediment that could provide this substrate above the 

hardpan, so bank stabilization is not recommended as no infrastructure is threatened. 

Figure 30. Reach W3 is a) sinuous with erosion on the outside bends of meanders and sand deposition on 

the inside bends in the upper part of the reach while b) flow complexity is maintained in the straighter 

downstream part of the reach by jams formed by small sticks. 

Reach W4 – From the next lawn downstream on the right bank to open meadowy area 

Reach W4 is a short straight reach where the channel banks become better defined as the 

large residential lawns on the right bank slope down to the channel from the uplands.  

The floodplain is considerably narrower on the left bank compared to Reach W3 

upstream.  Localized bank erosion is occurring and undermining trees (Figure 31a).  

Multiple large trees have fallen across the channel and are partially blocking flow (Figure 

31b).  Flow is stagnant through the reach due to either (or both) blockages by fallen trees 

or backwatering upstream of the Mill Creek confluence.  Shrub vegetation and lawns 

dominate the top of the banks but some large trees provide a partial canopy over the 

channel. 

Figure 31. In Reach W4 a) localized erosion is undermining trees that ultimately b) causes large trees to 

fall across the channel.  

No in-stream restoration recommendations are available.  Residential property owners 

might be approached to discuss the environmental benefits of planting a buffer of trees 
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and/or shrubs along the edge of the channel where lawns now extend to the top of the 

right bank. 

Reach W5 – From the open meadowy area to Mill Creek confluence 

Reach W5 is a tidal marsh backwatered by tides moving up from Mill Creek.  The high-

sinuosity channel has a low width:depth ratio with the banks nearly submerged at high 

tide (Figure 32a).  The sewer line runs along the edge of the marsh and the channel 

approaches a manhole at the outside bend of one meander but is not impacted by erosion.  

A broken concrete bridge crosses the channel (Figure 32b) in line with an access road 

coming down the slope from the uplands on the right bank, so might have been used for 

access to the sewer line.   No adverse channel response is apparent due to the bridge 

blocking the channel with low velocity flows likely passing over the structure at higher 

tides and stream flows.  No significant in-stream wood was observed in the reach.  Large 

trees growing on the uplands bordering the marsh provide minimal canopy where the 

meanders approach the edge of the marsh as no shrubs or trees are growing in the marsh 

bordering the channel. 

Figure 32. In Reach W5, a) meanders approach the sewer line at the edge of the marsh and b) a collapsed 

concrete bridge crosses the channel. 

No restoration is needed in Reach W5, but the concrete bridge could be removed to 

improve the aesthetic and to fully restore geomorphic function in this tidally dominated 

reach.  Monitoring should periodically be conducted to be sure erosion does not threaten 

the manholes near the channel on the left bank. 

5.0 DETAILED GEOMORPHIC ASSESSMENT 

A more detailed assessment of the five streams was completed by: 1) mapping important 

channel features observed while traversing the length of the streams and 2) surveying 

channel dimensions and conditions at 10 representative sites (generally two sites per 

stream).  The results of the mapping and surveying are described below. 
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5.1 Channel features mapping 

A number of channel features were mapped where observed along the streams including 

in-stream wood and areas of bank erosion.  (In some areas with thick shrub vegetation, 

walking directly in the channel was sometimes difficult, so the mapping missed some 

features over short distances.)  Table 3 provides a summary of these and other mapped 

features with the locations provided as ArcGIS shapefiles in the digital supplement to this 

report.  Key features are described below individually.  The GIS data could be queried 

further to determine if associations exist between features such as whether deep pools are 

associated with in-stream wood. 

Table 2. Summary of mapped channel features. The assessed length of Chenery Brook was 1.3 mi, Hobbs 

Brook was 0.6 mi, Mill Creek was 3.8 mi, Norton Brook was 1.3 mi, and Webes Creek was 0.9 mi. 

Wood serves as a proxy for good aquatic habitat in streams given its association with 

higher fish populations (Flebbe, 1999), a greater abundance and richness of 

macroinvertebrates (Bond et al., 2006), pools (Montgomery et al., 1995), and more 

complex physical habitat in general (Benke and Wallace, 2003).  All five streams have 

in-stream wood, including log jams that span the channel.  Given the narrowness and 

small size of the streams, particularly at their upstream ends, these log jams are often 

formed by small branches and sticks derived from alders and other shrubs growing along 

its banks.  Although perhaps not adequately reflected in the mapping data, the log jams 

and other in-stream wood tend to be closely associated with complex flow patterns, 

pools, and the accumulation of organic rich fine sediments (over a clay hardpan) that can 

serve as a food source for macroinvertebrates.  Chenery Brook and Norton Brook have 

considerably more wood per stream mile compared to the other three streams (Table 3).  

However, the frequency of wood on Chenery Brook and Norton Brook is still well below 

the more than 200 pieces/mile targeted by fisheries biologists for even small New 

England streams (Kratzer and Warren, 2013).  Therefore, the channel features mapping 

reveals a need for increased wood loading on the five assessed streams, even those in 

well forested areas with locally excellent habitat conditions such as Norton Brook. 

Mass failures, and bank erosion in general, on the streams are not significant.  While 

numerous areas of erosion are observed along the streams, they tend to be of short length 
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and are often associated with the outside bends of high-amplitude meanders where they 

impinge on higher banks of the uplands at the back edge of the streams’ floodplains.  

Trees growing on the bank collapse into the streams at these locations, so the erosion 

serves as a source of wood inputs to the stream channels.  Mass failures and severe bank 

scour were also observed at the outlet of several undersized culverts, most notably the 

railroad culvert on Chenery Brook and the Depot Street culvert on Webes Creek.  The 

bank scour associated with undersized culverts is localized and does not extend far 

downstream.  The erosion observed on the five streams is largely part of natural channel 

processes (e.g., outer bend of a meander) or is localized around undersized culverts.  

Long continuous areas of erosion associated with a major basin-wide disturbance, such as 

urbanization, are not observed.  The short discontinuous mass failures and bank erosion 

revealed through the channel features mapping are largely consistent with a natural 

sinuous stream generating the periodic inputs of sediment and wood necessary to sustain 

a dynamic stream channel with good flow complexity and a channel substrate of 

sediment (rather than a hardpan clay stream bottom). 

In contrast to the presence of in-stream wood, hardpan clay exposed on the stream bottom 

is a proxy for poor aquatic habitat quality (but was not mapped as part of the channel 

features mapping).  All five streams have formed in valleys primarily, if not exclusively, 

floored by the Presumpscot Formation.  Therefore, exposure of the hardpan on the bed of 

the channel is an indication that flow velocities in that area are too strong to retain and 

accumulate sediment.  Without sediment and organic matter on the stream bottom, a 

substrate for macroinvertebrate colonization and feeding will be lacking.  Even a thin 

layer of sediment, as is the case in many areas on the assessed streams, would represent 

greatly improved habitat compared to the bare hardpan.  An exposed hardpan on the 

stream bed was observed in several locations on all five streams.  Exposed hardpan tends 

to be located where stream velocities are high and/or where sediment is limited such as at 

the outlets of undersized culverts or downstream of bedrock falls.  While short distances 

of hardpan may be exposed immediately downstream of log jams, this is balanced by 

longer sections upstream where sediment, sometimes considerable amounts, tends to 

accumulate. 

5.2 Topographic surveying 

Topographic surveying was completed along portions of ten reaches.  Three surveys were 

conducted on Norton Brook (Reaches N1, N2, and N3), two each on Chenery Brook (two 

adjacent sites surveyed in Reach C2), Hobbs Brook (Reaches H2 and H3) and Mill Creek 

(Reaches M6 and M11), and only one on Webes Creek (Reach W1).   The surveys were 

conducted to establish the channel’s (bankfull) dimensions (i.e., width, depth, sinuosity, 

and slope) and allow for comparisons between sites to document how the dimensions 

vary between more natural conditions and various settings altered by human impacts 

(e.g., outlet of an undersized culvert).  The survey data is summarized in Table 4 with 

plots of the planviews, cross sections, and longitudinal profiles of each site provided in 

Appendix 4.  The survey data was also used to develop conceptual restoration designs, so 

Falmouth streams geomorphic assessment report - June 2023     Page 38 of 171



further details about the surveys are discussed along with the developed designs in 

Section 6.0 below. 

Table 4. Summary of survey data. 

6.0 CONCEPTUAL RESTORATION PLANS 

All of the topographic survey sites (see Section 5.2 above) were also locations for which 

conceptual restoration designs were developed.  The survey data provide the necessary 

detail on channel dimensions to develop viable conceptual restoration plans, although 

issues regarding machine access (that might be difficult though not insurmountable) in 

some instances are not addressed.  The chosen survey/restoration sites were selected for 

their potential to: 1) restore natural fluvial processes, 2) address channel instability and 

habitat degradation, and, as a whole, 3) exemplify a range of restoration strategies that 

might be effective for “like-reaches” elsewhere on the five assessed streams.  The 

restoration plans span a range of complexities from relatively simple and inexpensive 
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approaches that do not require heavy machinery to more complex and expensive 

strategies. 

The ten conceptual restoration designs are described further below and presented in 

Appendix 4 with the associated survey data.  Restoration ideas for other reaches for 

which concepts have not been developed (see Table 2) and are considered too expensive 

or complex to be completed for environmental purposes only (e.g., culvert replacements 

at major roads) should be placed on a “watch list” such that when funding becomes 

available for other purposes (e.g., improve safety of an aging culvert), these “watch list” 

restoration ideas can be presented to the project designers to ensure that the 

environmental concerns at these sites are simultaneously considered (for example, see 

Section 6.1 below).  

6.1 Reach C2a: Log crib walls and log sills 

Reach C2 on Chenery Brook begins at the outlet of the railroad culvert.  A continuous 

two-part survey was completed from the railroad culvert outlet to an area where the 

channel becomes confined between natural uplands on the right bank and the I-295 road 

grade on the left bank (Appendix 4).  The upper portion of the surveyed area (Reach C2a) 

documents the scour and deposition occurring at the outlet of the undersized railroad 

culvert, while the downstream end of the survey area (see Reach C2b below) 

characterizes an artificially straightened channel and the associated abandoned meander 

upstream of the valley constriction. 

Severe scour at the outlet of the railroad culvert (Figure 4a) has more than doubled the 

channel width relative to unaffected areas (compare Cross Section 2 in Reach C2a with 

Cross Section 4 in Reach C2b in Table 4 and Appendix 4).  The bed of the channel 

immediately downstream of the outlet has been stripped of sediment, exposing the 

hardpan clay underneath.  The material scoured from the bed and banks of the channel 

have been redeposited downstream to form a large gravel bar that has caused a shift in the 

channel’s position and further widening of the channel (Reach C2a Cross Section 3).  

Scouring of the right bank continues along the new channel.  This scour, deposition, and 

channel migration is in response to a 67 percent constriction of the channel caused by the 

undersized railroad culvert (Appendix 4 – see Cross Section 1 in Reach C2a). 

The only long-term sustainable manner of addressing the scour at the outlet of the 

railroad culvert is to replace the structure with a crossing that at least matches the width 

of the channel.  However, a culvert replacement is not considered as part of the 

conceptual design here, because the project is considered a “watch list” project on Table 

2 given the expected high cost, complexity, and long timeframe required to implement 

such a project along the rail line.  A  conceptual design of a culvert replacement is 

provided for Reach N3 at Northbrook Drive (see Section 6.9 below). 

A more feasible short-term solution to address the environmental and geomorphic 

impacts of the scour at the outlet of the railroad culvert would be to construct log crib 

walls along the eroding banks to save the undermined trees along the edge of the bank 
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and to reduce the introduction of fine sediment to the channel (Appendix 4).  

Additionally, log sills could be placed on the bed of the channel to locally reduce flow 

velocities that will trap sediment above the hardpan clay, narrow the channel, and 

improve substrate conditions for macroinvertebrate colonization.  Ideally, these log 

structures would be constructed with heavy machinery but given the difficulty in 

accessing the site and the forested nature of the site, the work could be completed with 

hand tools (e.g., grip hoists) with the trees sourced on site.  The use of log crib walls and 

log sills would also be appropriate for similar “like reaches” where scour is occurring at 

the outlet of culverts such as Reach N3, Reach N4, and Reach W2.  These same locations 

would also be appropriate for culvert replacements given that the cause of the scouring at 

these sites relates to the undersized nature of the stream crossing structures. 

6.2 Reach C2b: Boulder-supported log jams 

Reach C2b, just downstream of Reach C2a, is an artificially straightened channel flowing 

against the high I-295 road grade on the left bank with boulders at the base (Appendix 4).  

The straightened channel extends downstream for a long distance beyond the surveyed 

area.  A floodplain is present on the right bank that pinches down to nothing at the 

downstream end of the surveyed area due to a spur of high ground that encroaches on the 

channel.  An abandoned meander is present on the right bank floodplain that was likely 

originally formed as a result of backwatering upstream of the constricting spur (Appendix 

4 – see planview and Cross Section 6) .  Abandonment of the meander presumably 

occurred when the channel was artificially straightened, possibly at the time of I-295 

construction.  The bed of the meander is elevated above the bed of the active and 

straightened channel due to slight incision below the floodplain.  As a consequence, only 

larger flows now enter the abandoned meander. 

Although the width:depth ratio of the straightened channel is not as high as in Reach C2a 

(Table 4), straightened channels typically have poor habitat due to wide channels without 

confining bars at low flow.  Consequently, summertime flow depths are low and flow 

complexity minimal.  To restore more natural conditions, a series of boulder-supported 

log jams could be built along the margins of the artificially straightened channel (even 

beyond the surveyed area) to increase flow complexity, provide cover habitat, and 

promote sediment deposition to narrow the channel (Appendix 4).  By alternating the 

bank on which the log jams are built, meanders could be encouraged to form by 

redirecting flow into the bank across from each jam.  Ultimately, this would improve 

substrate particle size segregation (i.e., reduce embeddedness) and increase pool depths.  

If boulders from the base of the I-295 road grade could be repurposed, then the log jams 

could be constructed with hand tools only, given the difficulty of accessing the site with 

heavy machinery, but the use of heavy machinery would be preferable.  Boulder-

supported log jams could also be used on other artificially straightened reaches such as 

Reach N2 and Reach W2. 
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6.3 Reach H2: Riparian plantings and isolated wood additions 

Reach H2 flows through an open field with a poor riparian canopy.  Most of the reach has 

a relatively low width:depth (i.e., less than 25.0) (Table 4 – see Cross Sections 2 and 3) 

and may be slightly incised as a narrow discontinuous floodplain is inset below a wider 

more continuous flat surface (considered to be the historic floodplain).   The channel has 

good sinuosity (Appendix 4 – see planview) but the lack of wood in the channel is 

limiting flow complexity and sediment accumulation on the stream bed, so hardpan clay 

is exposed in places. 

With landowner agreement, perhaps assisted by NRCS programs to compensate the 

landowner for lost productivity, the planting of riparian zone trees to a minimum width of 

35 ft from the top of the stream bank would improve the canopy and provide a source of 

wood over time (Appendix 4).  For more immediate improvements (and perhaps more 

acceptable to the landowner), the placement of isolated wood buried in the channel with 

root wads exposed on the channel bed or in the form of low log sills running across the 

channel would both enhance flow complexity, provide cover habitat, and encourage 

sediment deposition to create a substrate over the hardpan clay for macroinvertebrate 

colonization.  Boulders already in the channel could be repurposed to help anchor some 

of the structures.  The implementation could be completed with hand tools, but access for 

heavy machinery would not be problematic with permission from the landowner.  

Riparian plantings would also be effective in those reaches without tall trees growing 

along the stream such as Reach M2 (with landowner permission) and Reach N2 (with 

resizing of the Johnson Road culvert). 

6.4 Reach H3: Chop and drop wood additions 

For most of Reach H3, the channel is largely infilled by fine sediment that was deposited 

in the channel and across the narrow floodplain when flow was impounded behind a 

fallen tree later plugged with smaller branches by beaver (Figure 12).  As a result, the 

channel has minimal depth and a resulting high width:depth (Table 4 – see Cross Sections 

1 and 2).  Based on the deposition line at the back edge of the floodplain (Figure 12a), the 

depth of the impoundment above the floodplain level was 2.0 ft (Appendix 4 – see cross 

sections).  Now that the impoundment has drained, conditions are slowly recovering with 

greater channel depth and lower width:depth ratios closer to the fallen tree.  The lack of 

in-stream wood within the formerly impounded area may be slowing the rate of recovery. 

Adding wood to the channel through the chop and drop method within the formerly 

impounded area (Appendix 4) will improve cover habitat where little is present now and 

generate flow complexity to help remove the built up fine sediment in the channel.  The 

possibility exists the added wood could also impound flow.  Although impounded flow is 

not considered an issue, the application of chop and drop could be at a lower density (one 

key log every 6 to 8 channel widths compared to a more typical wood loading of every 3 

or 4 channel widths) to reduce the potential for impounding flow.  The reach is in 

excellent condition currently and discussing with the landowner the potential for placing 

the land in conservation would ensure a long-term supply of wood reaches the channel 
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from the forested riparian zone.  Chop and drop is a technique that could be applied to 

most forested reaches on all five of the assessed streams to supplement existing in-stream 

wood even where conditions are already excellent such as Reach M4 and Reach N1. 

6.5 Reach M6: Dam removal and channel realignment 

The topographic survey of Reach M6 was conducted in the vicinity of the old dam and 

includes both the existing channel and the old channel across which the dam was 

originally built (Appendix 4 – see planview).  The stacked stone of the dam fills in a gap 

between ledge on both flanks of the structure.  The dam was 10 ft high above the old 

channel bed that is still visible downstream of the dam.  Upstream, the original channel is 

not present, perhaps due to infilling of the channel through sediment deposition.  The 

current channel formed by eroding through Presumpscot Formation clay beyond the 

bedrock ledge on the right flank of the dam (looking downstream), perhaps at a low area 

that was overtopped during a large flood.  The bankfull width of the narrow gully formed 

from the outflanking of the dam is less than the width of the former channel blocked by 

the dam (Appendix 4 – see cross sections) and remains confined by high banks of clay, 

whereas the former channel has access to a wide floodplain (Appendix 4 – compare Cross 

Sections 1 and 2).  Without restoration, the channel through the gully area is likely to 

widen over time until matching the former channel’s width with the high banks 

continuing to erode. 

As self-stabilization of the high eroding banks through the gully may take decades, 

removal of the dam and realignment of the creek back into its former channel and wide 

floodplain (Appendix 4) would reduce flow energy in the immediate vicinity and reduce 

fine sediment loading to downstream areas.  Large wood, potentially through chop and 

drop, could be placed in the gully (to be abandoned by realigning the channel) to prevent 

the channel from reoccupying the area but still providing an overflow channel during 

high flows to reduce flow energy in the reactivated channel.  Access for heavy machinery 

would be relatively easy from the end of Chandler Drive as long as one of the residential 

homeowners agrees to having an excavator traverse the edge of their lawn.  To avoid 

trucking off site, the rocks of the dam could be repurposed as boulder clusters or for 

anchoring logs placed in the realigned channel and/or set aside in an upland area.  The 

old dam is rather unique for the five assessed streams, so no “like reaches” exist where 

dam removal and channel realignment could also be used.  The only other possible 

remnant dams observed were in Reach M7 and N3, neither of which are causing issues 

necessitating removal. 

 6.6 Reach M11: Berm removal and marginal log jams 

The surveyed area of Reach M11 includes the apparently straightened section of channel 

with a low berm along the right bank (Appendix 4 – see Cross Section 1).  The 

straightened section begins near the confluence of Norton Brook and continues 

downstream to include part of a broad meander that is forming where the marsh widens.  

The difference in sinuosity between the broad meander and the straightened section is 

clear in planview (Appendix 4). 
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The natural morphology of the creek through the tidal marsh is a highly sinuous 

meandering form.  The berm along a straightened section of channel where the survey 

was conducted suggests the straightening was completed by humans.  To restore the more 

natural sinuous conditions, the berm could be removed and several marginal log jams 

constructed along the left bank to divert flow into the opposite bank to encourage 

meander growth along the straightened section (Appendix 4).  To have the desired effect, 

the log jams would need to protrude out into the channel about 50 percent of its width, or 

approximately 12 ft  with each log jam spaced about five times the protrusion distance or 

60 ft.  The log jams would ideally be anchored with vertical and horizontal log piles, but 

the exact method of securing the structures would occur in a later design phase.  The log 

jams would look natural given that the left bank runs at the edge of the forested uplands.  

Smaller boulder-supported log jams were recommended for Reach C2b.  Given the 

generally small size of the five assessed streams, the larger more robust marginal log 

jams suggested for Reach M11 are not considered appropriate elsewhere on the five 

streams. 

6.7 Reach N1: Chop and drop 

The sinuous channel (Appendix 4 – see planview) flowing on a forested floodplain in 

Reach N1 has a very low width:depth ratio of less than 12.0 (Table 4), both consistent 

with a stream flowing through hardpan clay that is exposed along the stream.  The low 

width:depth ratio is also consistent with channel incision, although the presence of sand 

deposits along the edge of the channel at or near the floodplain level would indicate no, 

or only slight, incision has occurred.  While numerous small log jams and isolated pieces 

of wood are found in the survey area and throughout the reach as a whole, long sections 

have no in-stream wood and the total loading is considered far below target levels 

(Kratzer and Warren, 2013). 

Conditions are currently very good through much of Reach N1 and is largely free of 

human constraints (i.e., only minor amounts of fill at the back edge of the floodplain), so, 

in many respects, Reach N1 can be considered a reference reach for understanding how 

all five of the assessed streams may have appeared prior to human alterations of the 

channels and surrounding watersheds.  That said, wood loading in the streams could be 

higher.  Chop and drop wood additions could be completed to add wood to the channel 

(Appendix 4) where long sections of the stream currently do not have in-stream wood.  

The floodplain is well forested and wood will slowly be recruited to the channel as the 

forest matures.  The chop and drop projects would more immediately improve flow 

complexity, cover habitat, and increase deposition in the channel to remedy the slight 

incision that may have occurred along the channel.  Given the maturing forest, the 

benefits of the chop and drop project will be sustainable as future wood recruitment will 

replace the felled trees over a few decades.  Many well forested reaches with low levels 

of in-stream wood are found on the five assessed streams, all of which would be good 

candidates for chop and drop projects such as portions of Reach N3 and Reach N4. 
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6.8 Reach N2: Fill removal 

The survey of Reach N2 was conducted at the upstream end of the reach and includes a 

portion of Reach N1 in order to document the constriction of the floodplain by artificial 

fill and the change from a highly sinuous channel upstream in Reach N1 to the straighter 

configuration of N2 (Appendix 4 – see planview).  The top of the fill on the right bank is 

more than 5.0 ft higher than the floodplain on the left bank (Appendix 4 – see Cross 

Section 3).  The differences in channel dimensions between the sinuous channel upstream 

and the artificially straightened channel downstream are distinct (Table 4 – compare 

Cross Sections 1 and 3).  The straightening and the constraint of the channel flowing 

against the elevated coarse artificial fill has resulted in a narrower channel with a lower 

width:depth ratio than the more natural conditions upstream.  Straightened channels 

typically have a higher width:depth ratio than natural unaltered channels (Simon, 1989), 

so the opposite trend in this case suggests that the straightening occurred recently enough 

that the channel has yet to respond and/or the coarser fill material is inhibiting the 

widening into the right bank.  Future widening, however, should be expected if no 

restoration occurs but may require a large flow event to be initiated. 

The artificial fill on the right bank at the upstream end of Reach N2 has significantly 

narrowed the natural floodplain and its removal (Appendix 4) will restore the full 

floodplain width, eliminate constraints to channel adjustment, and reduce flood flow 

velocities in the channel.  While full fill removal would be ideal, the presence of an active 

commercial property on the fill may preclude that; however, even partial removal would 

be helpful and is more likely to be considered by the landowner.  In-stream restoration 

activities could be completed with fill removal or on its own if the landowner does not 

permit fill removal.  Isolated logs could be placed in the channel to improve flow 

complexity and log placements on the restored floodplain (if the fill is removed) would 

prevent scour of the surface and serve as nurse logs for the growth of trees.  Boulder-

supported log jams could be used to encourage the growth of meanders along the 

straightened channel in a manner as described above for Reach C2b (see Appendix 4 and 

Section 6.2).  Fill removal could also be used in Reaches N1 (although the fill does not 

constrict the floodplain as significantly) and N3 where fill for the old road to the gravel 

pit (see Section 4.4 above) appears to completely block the floodplain. 

6.9 Reach N3: Culvert replacement 

The overall slope of the surveyed portion of Reach N3 is quite high (0.05 – see 

longitudinal profile in Appendix 4) due to the bedrock ledges at the upstream end.  Just 

upstream of the culvert, the gradient is much lower with only a narrow floodplain present 

before rising up to higher banks (Appendix 4 – Cross Section 3).   As a result, backwater 

from the undersized culvert under Northbrook Drive could rise quite high given the 

limited space to store floodwaters between the high banks and bedrock ledges upstream.  

The culvert constricts the channel by 75 percent (Table 4 and Appendix 4 – see Cross 

Section 3).  Detailed hydraulic modeling is needed to establish the potential risk of 

backwatering during a large runoff event overtopping the road. 
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The gabion headwall above and around the Northbrook Drive culvert is sliding and 

rotating down the slope above the culvert (Figure 33) and could potentially block 

portions of the inlet and greatly worsen the backwater effect.  A culvert replacement with 

a larger structure spanning at least 1.2 times the bankfull width (or 16.1 ft based on a 

bankfull width of 13.4 ft – see Table 4) should be a high priority with additional relief 

culverts set at the floodplain level to eliminate the channel constriction and minimize 

backwatering during even the largest flows (Appendix 4).  The gabion headwall should 

be replaced at the same time to prevent any threat of blocking the culvert inlet that would 

also be greatly minimized by the enlarged structure.  A structure spanning the entire 

channel, ideally a bridge that also spans the entire narrow floodplain, will better pass 

sediment and wood, thereby reducing the geomorphic impact of the stream crossing.  

Replacing undersized culverts with wider crossings could also be completed at the 

downstream end of Reaches C1, M1, N2, and W1 among others. 

Figure 33. Gabion baskets on the headwall of Northbrook Drive are sliding down slope above the culvert 

inlet. 

6.10 Reach W1: Manhole protection and fill removal 

Reach W1 is immediately downstream of extensive commercial development in the 

watershed and begins at a culvert draining this area.  The upper portion of the reach is 

confined, to some degree by artificial fill on the left bank, and, as a result, the channel is 

wider and deeper than the unconfined lower portion of the reach (Table 4 and Appendix 4 

– compare Cross Sections 2 and 3).  The confining fill and resulting strong confined

flows are responsible for stripping the substrate down to a hardpan clay and redirecting

flow into the opposite bank where a sewer manhole has been exposed.  The wide

floodplain downstream prevents in-channel flow velocities from increasing beyond that

of the bankfull flow and prevents channel widening and deepening.

While extensive earthen fill might be on the right bank of the channel, a considerable 

amount of brush and other material has more obviously been placed over the right bank 

and further constrained the channel.  This fill should be removed to restore at least a 
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narrow portion of the floodplain (Appendix 4) and reduce flow velocities responsible for 

bank erosion and a hardpan clay substrate.  These issues should also be more directly 

addressed with log sills placed along the channel to help trap sediment above the 

substrate and a log jam constructed around the manhole exposed by erosion to prevent 

damage and to encourage the channel back into its original path along the right bank.  

After removing fill from the right bank, the slope should be sloped back and treated with 

a bioengineering solution, such as fascine bundles and willow plantings, to encourage 

vegetative growth that over time will provide a canopy over the stream channel and a 

long-term source of in-stream wood as the trees mature. 

7.0 CONCLUSIONS 

Centuries of human activities in and around the five assessed streams in Falmouth, Maine 

have, at least locally, constrained natural processes and degraded habitat quality.  In-

stream and floodplain activities by humans include the construction of dams, placement 

of artificial fill on the floodplains, artificial straightening of the channels, and building of 

undersized stream crossings.  Along with the indirect contribution of excess (and the 

concentration of) runoff from developed areas of the watershed (particularly Webes 

Creek), these various human activities have led to the degradation of aquatic habitat as 

reflected in low wood loadings in the streams, exposure of a hardpan clay on the stream 

bottom, eroding stream banks, and areas of impounded flow with wetland rather than 

fluvial characteristics.  While most of the streams’ length are largely stable, the generally 

short lengths of degraded habitat, in the immediate vicinity of an undersized culvert for 

example,  lead to the isolation of larger areas of good habitat found along the five 

streams. 

Conceptual restoration designs have been developed to address the human impacts 

observed on the five streams.  In areas with low wood loadings and far from any 

infrastructure, the “chop and drop” approach of directionally felling trees into the stream 

channel represents the quickest, cheapest, and most effective approach to improve cover 

habitat, flow complexity, and retention of sediment on the stream bed (where hardpan 

clay is now exposed).  Constructed marginal log jams or smaller boulder-supported log 

jams can be used to encourage meander growth along artificially straightened channels, 

while log crib walls are recommended for addressing bank scour at the outlet of 

undersized culverts.  Where these larger wood structures are not practical, isolated logs 

and log sills can be utilized to improve habitat conditions with minimal impact to the 

existing channel morphology or nearby infrastructure.  The various wood-based measures 

proposed will provide immediate habitat improvements.  Sustaining those improvements, 

however, will depend on removing constraints to natural channel adjustment such as the 

resizing of culverts narrower than the stream channel (with the culvert at Northbrook 

Drive on Norton Brook being the highest priority), removal of the dam on Mill Creek, 

and artificial fill removal (with fill at the upstream end of Webes Creek being a high 

priority).  Only through a continued effort over time, starting with the easiest and most 

inexpensive efforts first while the capacity is developed to address the larger projects, can 

the Town of Falmouth avoid the streams being listed as urban impaired by the Maine 
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Department of Environmental Protection.  The natural conditions on the streams, 

particularly the bed and banks composed of the fine-grained silts and clays of the 

Presumpscot Formation, ensure the streams will respond rapidly and positively to the 

restoration efforts. 
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TABLE 2 

(Reach summary) 
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Table 2a. Summary of reach characteristics and restoration options for Chenery Brook.

a)
Reach # Location Length (ft) Conditions Human alterations Restoration options Anticipated cost* Priority/Complexity† Ground photo

C1
Cumberland town line 

to railroad culvert
1,075

- Floodplain access

- Shrubs for canopy

- Narrow channel

- Small log jams

- Fine substrate

- Undersized culvert

- Partial forest buffer 

removal

1) Chop and drop

2) Replace undersized 

culvert at 

downstream end

1) Very low ($25k)

2) Watch list (> $1 

million)

1) Mod./Low

2) High/High

C2

Railroad culvert to 

widened floodplain 

with sinuous channel

854

- Severe scour at 

culvert outlet

- Largely fine substrate

- Minimal wood in 

channel

- Channel straightening

- Flows along I-295 

road grade

1) Chop and drop

2) Log sills, crib walls, 

and/or log jams

1) Very low ($25k)

2) Low ($100k)

1) Mod./Low

2) Mod./High

C3

Widened floodplain 

wirh sinuous channel to 

Johnson Road

1,422

- Floodplain access with 

sinuous channel

- Drowned dead trees

- Beaver activity

- Abundant wood in 

channel

- Small dam and 

associated pond

- Johnson Rd culvert 

but sufficiently sized

1) Dam removal 1) Moderate ($120k) 1) Mod./Mod.

C4

Johnson Road to area 

of increasing 

confinement

2,208

- Sinuous channel

- Small log jams

- Predominately fine 

substrate

- Canopy of small 

shrubs

- Gas pipeline crossing

- Straightening (?)

1) Land conservation

2) Bank stabilization

1) Very low ($50k)

2) Low ($100k)

1) Mod./Mod.

2) Low/Mod.
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Table 2a (continued). Summary of reach characteristics and restoration options for Chenery Brook.

a)
Reach # Location Length (ft) Conditions Human alterations Restoration options Anticipated cost* Priority/Complexity† Ground photo

C5

Area of increasing 

confinement to I-295 

culvert

1,141

- Narrow floodplain

- Cobble substrate in 

places

- Beaver dam with large 

impoundment

- Mature trees on 

nearby uplands

- I-295 culvert but no 

backwatering evident

1) Land conservation

2) Chop and drop

1) Very low ($50k)

2) Very low ($25k)

1) Mod./Mod.

2) Low/Low

C6
I-295 culvert to sharp 

bend on high right bank
556

- Upper reach confined

- Ledge outcropping on 

left bank

- Sloughing right bank 

of clay

- Floodplain and sand 

bars in lower reach

- Abandoned channel 

and sharp bend suggest 

straightening

1) Chop and drop 1) Very low ($25k) 1) Mod./Low

C7

Sharp bend on high 

right bank to Mill Creek 

confluence

903

- Floodplain access

- Good tree canopy

- Abundant wood

- Sinuous dynamic

planform

- Predominately sandy 

substrate

- Straightening (?)          - 

Concentrated runoff in 

small gully from Route 

1

1) Chop and drop

2) Reactivate 

abandoned channel

3) Wood additions in 

small gully

1) Very low ($25k)

2) Mod. ($150k)

3) Low ($50k)

1) Low/Low

2) Low/Mod.

3) High/Low

* - Categorized as very low (<$50k), low ($50k-$100k), moderate ($100-$200k), high ($>200k), watch list (cost likely too high to solely complete for restoration purposes so will need to wait for

 an additional reason to arise to complete work such as a rusted culvert). A best estimate of cost given in parentheses for each reach and includes design, permitting, and construction costs

† - Categorized as low, moderate (mod.), or high for both priority and complexity. Complexity considers construc on difficul es, poten al landowner issues and coordina on, and access to site

Note: Suggestions for stream crossing resizing are mentioned generally for only the reach upstream of the structure but typically will also benefit the downstream reach.
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Table 2b. Summary of reach characteristics and restoration options for Hobbs Brook.

b)
Reach # Location Length (ft) Conditions Human alterations Restoration options Anticipated cost* Priority/Complexity† Ground photo

H1
Cumberland town line 

to Gray Road
601

- Marsh lands with 

dense shrubs

- Low width:depth 

channel

- Fine substrate

- Undersized culvert at 

downstream end

- Gas pipeline crosses 

just upstream of 

culvert

1) Replace undersized 

culvert
1) Watch list ($300k) 1) Mod./Mod.

H2
Gray Road to high 

confining left bank
1,593

- Scour at culvert outlet

- Clay hardpan 

substrate

- Minimal wood in 

channel

- Sinuous low 

width:depth channel

- Straightening (?)

- Clearance of riparian 

zone

- Boulders in channel

1) Chop and drop

2) Log sills

1) Very low ($25k)

2) Very low ($45k)

1) High/Low

2) High/Low

H3

High confining left bank 

to Piscataqua River 

confluence

1,121

- Narrow floodplain

- Upper half imounded 

by fallen tree jammed 

with branches

- Good forest canopy

- Minimal wood in 

channel

- None evident directly 

in channel

1) Land conservation

2) Chop and drop

1) Very low ($50k)

2) Very low ($25k)

1) Mod./Mod.

2) Low/Low

* - Categorized as very low (<$50k), low ($50k-$100k), moderate ($100-$200k), high ($>200k), watch list (cost likely too high to solely complete for restoration purposes so will need to wait for

 an additional reason to arise to complete work such as a rusted culvert). A best estimate of cost given in parentheses for each reach and includes design, permitting, and construction costs

† - Categorized as low, moderate (mod.), or high for both priority and complexity. Complexity considers construc on difficul es, poten al landowner issues and coordina on, and access to site

Note: Suggestions for stream crossing resizing are mentioned generally for only the reach upstream of the structure but typically will also benefit the downstream reach.
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Table 2c. Summary of reach characteristics and restoration options for Mill Creek.

c)
Reach # Location Length (ft) Conditions Human alterations Restoration options Anticipated cost* Priority/Complexity† Ground photo

M1
Route 9 to Olde 

Blackwood Way
1,599

- Sinuous channel at 

upstream and 

downstream ends

- Alder wetland in 

middle of reach

- Small log jams

- Good canopy

- Undersized culverts

- Channel realignment

1) Chop and drop

2) Replace both 

undersized culverts

1) Very low ($25k)

2) Moderate ($150k)

1) Mod./Low

2) Mod./Mod.

M2
Olde Blackwood Way to 

Route 9
814

- Channel with high 

width:depth ratio

- Abandoned meander 

on right bank

- Little in-stream wood

- Wetland at end of 

reach

- Channel straightening  

- Undersized and 

poorly aligned culverts

1) Provide relief 

culvert or reactivate 

meander

2) Realign and resize 

culverts

3) Low log sills

1) Moderate ($100k) 

or high ($200k)

2) High ($200k)

3) Low ($50k)

1) Mod./Mod.

2) Mod./High

3) Mod./Low

M3
Route 9 to Long Creek 

Way
1,133

- High amplitude 

meanders downstream

- Gravel/sand substrate

- High width:depth 

channel

- Minimal wood in 

channel despite forest

- Channel realigned at 

Route 9

- Fill blocks portion of 

floodplain

- Straightening (?) at 

upstream end

- Undersized culvert

1) Chop and drop

2) Resize Long Creek 

Way culvert

1) Very low ($25k)

2) Moderate ($100k)

1) Low/Low

2) Mod./Low

M4
Long Creek Way to the 

bedrock falls
2,286

- High amplitude 

meanders downstream

- Gravel/sand substrate

- Low to high 

width:depth channel

- Minimal wood in 

channel despite forest

- Undersized culvert 

under private driveway

1) Land conservation

2) Chop and drop

3) Resize driveway 

culvert

1) Low ($75k)

2) Low ($100k)

3) Low ($50k)

1) High/Mod.

2) Mod/Low

3) Low/Low
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Table 2c (continued). Summary of reach characteristics and restoration options for Mill Creek.

c)
Reach # Location Length (ft) Conditions Human alterations Restoration options Anticipated cost* Priority/Complexity† Ground photo

M5
Bedrock falls to the 

transmission line
536

- Confined channel

- Bedrock falls

- Large sand bar in low 

gradient area

- Well forested buffer

- None evident directly 

in channel

1) Chop and drop in 

low gradient area
1) Very low ($20k) 1) Low/Low

M6
Transmission line to 

Middle Road
2,315

- Sinuous high 

width:depth channel

- Hardpan clay 

substrate common          

- Well forested buffer

- Numerous log jams

- Narrow floodplain

- Remnant dam

- Middle Road culvert 

(but not undersized)

1) Chop and drop

2) Remove dam and 

realign channel

1) Very low ($30k)

2) High ($250k)

1) Mod./Low

2) High/Mod.

M7

Middle Road to 

downstream end of 

bedrock gorge

1,204

- Confined channel

- Low bedrock falls

- Cobble substrate and 

bars in low gradient 

areas

- Abundant in-stream 

wood and good buffer

- Remnant dam

- Middle Road culvert 

(but not undersized)

1) Land conservation 1) Very low ($40k) 1) High/Mod.

M8
Downstream of bedrock 

gorge to railroad culvert
511

- Bifurcated channel 

where flow expands

- High width:depth

- Minimal in-stream 

wood

- Good forested buffer 

- Poorly aligned culvert

- Flow along railroad 

grade

1) Chop and drop w/ 

log strainer

2) Resize and realign 

culvert

1) Very low ($30k)

2) Watch list (> $1 

million)

1) Mod./Mod.

2) Low/High
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Table 2c (continued). Summary of reach characteristics and restoration options for Mill Creek.

c)
Reach # Location Length (ft) Conditions Human alterations Restoration options Anticipated cost* Priority/Complexity† Ground photo

M9
Railroad culvert to I-295 

culvert
1,116

- Sinuous with high 

amplitude meanders

- Sand substrate

- Straight along high 

bank

- Minimal wood & poor 

buffer on floodplain

- Riprap at railroad 

culvert outlet

- Large boulders in 

channel upstream of I-

295 culvert (see photo)

1) Chop and drop

2) Remove boulders

1) Very low ($25k)

2) Low ($60k)

1) High/Low

2) Low/High

M10
I-295 culvert to Route 1 

culvert
837

- Sinuous channel

- Narrow floodplain

- Significant in-stream 

wood

-Low shrubs on 

floodplain

- Riprap under bridge 

constricts channel

- Culverts at both ends 

but both match channel 

width

1) Chop and drop

2) Pull back riprap to 

alleviate constriction

1) Very low ($20k)

2) Very low ($20k)

1) Low/Low

2) Mod./Mod.

M11
Route 1 culvert to 

Foreside Road bridge
5,537

- Tidally influenced

- High amplitude 

meanders across marsh

- Minimal wood

- Fine substrate

- Eroding banks

- Straightening and 

berming in short 

section

- Sewer line at edge of 

floodplain w/ channel 

imipinging at one spot

1) Berm removal & log 

jams to encourage 

meander growth 

where straightened

2) Bank protection 

with logs where near 

sewer line

1) High ($250k)

2) Mod. ($200k) 

1) Low/Mod.

2) High/Mod.

* - Categorized as very low (<$50k), low ($50k-$100k), moderate ($100-$200k), high ($>200k), watch list (cost likely too high to solely complete for restoration purposes so will need to wait for

 an additional reason to arise to complete work such as a rusted culvert). A best estimate of cost given in parentheses for each reach and includes design, permitting, and construction costs

† - Categorized as low, moderate (mod.), or high for both priority and complexity. Complexity considers construc on difficul es, poten al landowner issues and coordina on, and access to site

Note: Suggestions for stream crossing resizing are mentioned generally for only the reach upstream of the structure but typically will also benefit the downstream reach.
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Table 2d. Summary of reach characteristics and restoration options for Norton Brook.

d)
Reach # Location Length (ft) Conditions Human alterations Restoration options Anticipated cost* Priority/Complexity† Ground photo

N1

Cumberland town line 

to behind Street Cycles 

store

1,868

- Dynamic sinuous 

channel

- Low width:depth 

channel

- Sand substrate

- Multiple log jams w/ 

forested floodplain

- Straightening (?)

- Floodplain partially 

constricted by fill

1) Chop and drop 1) Very low ($25k) 1) Low/Low

N2

Behind Street Cycles 

store to Johnson Road 

culvert

1,316

- Channel flows against 

fill at upstream end

- Wide marshy 

floodplain downstream  

- Minimal wood in 

channel

- Low sinuosity

- Straightening (?)

- Floodplain partially 

constricted by fill

- Johnson Rd culvert

1) Log sills and  jams

2) Remove fill

3) Add relief culverts 

at Johnson Road

1) Low ($100k)

2) Mod. ($200k)

3) High ($250k)

1) Mod./Mod.

2) Mod./High

3) High/High

N3

Johnson Road culvert 

to Northbrook Drive 

culvert

1,541

- Rocky substrate above 

hardpan clay

- Bedrock confinement

- Minimal wood

- Sinuous above falls

- Headwall above 

culvert inlet collapsing

- Remnant dam (?)

- Riprap at culverts

- Johnson Rd culvert

1) Log cribbing to 

replace riprap

2) Repair and resize 

Northwood Dr culvert

3) Anchored chop and 

drop

1) Low ($100k)

2) High ($250k)

3) Very low ($40k)

1) High/Low

2) High/Mod.

3) Mod./Low

N4

Northbrook Drive 

culvert to Mill Creek 

confluence

1,338

- Sinuous channel 

across wide floodplain

- Sandy substrate and 

large sand bars

- Good forest canopy

- In-stream wood 

common

- Fill across floodplain 

at old crossing to 

quarry

- Fill constricts 

floodplain at Sullivan 

Tire

- Scour at culvert outlet

1) Chop and drop

2) Remove fill crossing 

floodplain at old 

quarry access

1) Very low ($25k)

2) High ($250k)

1) Low/Low

2) High/High

* - Categorized as very low (<$50k), low ($50k-$100k), moderate ($100-$200k), high ($>200k), watch list (cost likely too high to solely complete for restoration purposes so will need to wait for

 an additional reason to arise to complete work such as a rusted culvert). A best estimate of cost given in parentheses for each reach and includes design, permitting, and construction costs

† - Categorized as low, moderate (mod.), or high for both priority and complexity. Complexity considers construc on difficul es, poten al landowner issues and coordina on, and access to site

Note: Suggestions for stream crossing resizing are mentioned generally for only the reach upstream of the structure but typically will also benefit the downstream reach.
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Table 2e. Summary of reach characteristics and restoration options for Webes Creek.

e)
Reach # Location Length (ft) Conditions Human alterations Restoration options Anticipated cost* Priority/Complexity† Ground photo

W1

Culvert by Ace 

Hardware store to 

Depot Road

703

- Floodplain access at 

downstream end

- Confined by clay and 

fill upstream

- Limited wood and 

canopy

- Hardpan clay on bed

- Undersized culverts

- Fill constricts channel

- Manhole exposed by 

erosion

- Forest buffer removed

1) Remove fill and log 

jams to protect 

manhole

2) Log sills to trap 

sediment over clay

3) Resize Depot Rd 

culvert

1) High ($200k)

2) Low ($40k)

3) High ($250k)

1) High/Mod.

2) High/Mod.

3) High/High

W2
Depot Road culvert to 

end of the lawn
257

- Severe scour at 

culvert outlet

- Minor sinuosity

- Hardpan clay on bed

- Minimal buffer and in-

stream wood

- Channel straightening

- Pipe crosses channel

- Severe scour at 

culvert outlet

- Forest buffer

rremoved

1) Log cribbing for 

bank protection

2) Log sills to trap 

sediment over clay

3) Remove pipe or 

protect w/ log jam

4) Recreate meanders

1) Very low ($40k)

2) Very low ($40k)

3) Moderate ($120k)

4) High ($300k)

1) High/Low

2) Mod./Mod.

3) High/Mod.

4) Mod./High

W3

End of the lawn to the 

next lawn downstream 

on the right bank

1,211

- Upstream end sinuous 

- Low banks 

downstream

- Hardpan clay exposed 

in areas

- Jams w/ sticks derived 

from thick shrub buffer

- Straightening (?)
1) Bundle clippings to 

form jams
1) Very low ($10k) 1) Mod./Low

W4

Next lawn downstream 

on the right bank to 

open meadowy area

391

- Straight channel with 

better defined banks

- Bank erosion causing 

large trees to fall into 

channel

- Stagnant flow

- Poor canopy

- Straightening (?)
1) Buffer planting 

along edge of lawnss
1) Very low ($25k) 1) High/Mod.

W5
Open meadowy area to 

Mill Creek confluence
983

- Tidally influenced

- High amplitude 

meanders across marsh 

- Minimal wood and 

poor canopy

- Fine substrate

- Low width:depth

- Straightening (?) at 

upstream end

- Concrete bridge 

collapsed in channel

- Channel approaching 

sewerline

1) Remove collapsed 

bridge
1) Low ($75k) 1) Low/Mod.

* - Categorized as very low (<$50k), low ($50k-$100k), moderate ($100-$200k), high ($>200k), watch list (cost likely too high to solely complete for restoration purposes so will need to wait for

 an additional reason to arise to complete work such as a rusted culvert). A best estimate of cost given in parentheses for each reach and includes design, permitting, and construction costs

† - Categorized as low, moderate (mod.), or high for both priority and complexity. Complexity considers construc on difficul es, poten al landowner issues and coordina on, and access to site

Note: Suggestions for stream crossing resizing are mentioned generally for only the reach upstream of the structure but typically will also benefit the downstream reach.

Falmouth streams geomorphic assessment report - June 2023     Page 58 of 171



APPENDIX 1 

(Land use maps) 
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APPENDIX 2 

(Reach location maps) 
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Appendix 2. Reach location map for Chenery Brook and Norton Brook.
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Appendix 2. Reach location map for Hobbs Brook.
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Appendix 2. Reach location map for Mill Creek (Upper).
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Appendix 2. Reach location map for Mill Creek (Middle).
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Appendix 2. Reach location map for Mill Creek (Lower).
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Appendix 2. Reach location map for Webes Creek.
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APPENDIX 3 

(Rapid Geomorphic Assessment forms) 

Falmouth streams geomorphic assessment report - June 2023     Page 77 of 171



��������	
	�����������
����������
����������	
����
���������������
����
�
������

������ ���	
������ ��������
���������� ������

��	
	�����'�����	�� ���������	���

��	����
 ���� ����	
��
�� �� ����

�	��

2�
�� ���
���������

�� ����
����
��������������
��
��
��
��

�� �������������������

��  ��!"	���
�������

#� $
�����������������������

%� ��������&���������������&�����
�����
������

'� ����(���"���������
���
��

)� *���
�"
�����
�����������+�����������"���
��

��������
	�

���������	�


����


,� $
�������������	
���
����-�.��
�

�� 	���
����"��������������������
����
�����
��+��
���"-�

�� *�
���
����

������+�������������
�"	���
���
��

�� /��-�	
�&	����"�
��
��

�� 0��
�"
�����
������������
����
������������

#� �����"
��������������

%� 1
���"�����&���
����-��"-���������&�������

��������
	�

���������	�


����


'� ����
��
������������
��������
�������-�

�� 2���
��+��
����&���

��+��
�"
�������+�
�"�

�� 3""���
�"
�������&
���&���"��
�����

�� *4���
����

�������

�� /������"������������
��
���
���
����

#� 5�
�
�������������	����
�����"	���
���	���&	������
�

%� ��

�����-���&�
���	���&	����������
�"	�

'� �
�&�	�������-��"����6#78��	���&	����9
"���
�"	�

��������
	�

��������



����


)� 2��"���
����
������&�����������-�

�� 2������������"	��
��

�� ���&�
��	�
���"	���
������������
�"	���
��

�� *����������������!�����
�����������:��
���
��
�������

�� ��!����"	���
�����

#� 2����������������������

%� 5	��:
&����&��
�����������	��
��
���
�������

��������
	�

�����������


�	��

�� �������


����


'� /��������������������
��+��
:��-
��+��
���
��

!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��#����$
����%"


& !�	��
�����
'
()�!
�
*	���
(
!*�+�,�*)
�-��.
�!��
'
���
/
��
/
��
/
���
�
0
12-��*�2-
'

!�


≤≤≤≤

3453
'
����������
!�


3456

7

3403
'
�����������
�������������

!�


≥≥≥≥

3406
'
�������������
 �����������

����
��������������$	�����	��!	�
� �����

10/25/2022
Cumberland town line to RR Xing

Nick Miller, �JohnField 

x

x

x

x
x
x

x
x

x

5 4

x
x
x
x
x
x
x
7 0

x
x

x
x
x

x

x
x

6 2

x
xx
x
x
x
x
7 0

0

0.25

0

0.17

In regime
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Appendix 2. Rapid geomorphic assessment data sheet.

Chenery Brook Reach 4

0.56

Falmouth streams geomorphic assessment report - June 2023     Page 81 of 171



��������	
	�����������
����������
����������	
����
���������������
����
�
������

������ ���	
������ ��������
���������� ������

��	
	�����'�����	�� ���������	���

��	����
 ���� ����	
��
�� �� ����

�	��

2�
�� ���
���������

�� ����
����
��������������
��
��
��
��

�� �������������������

��  ��!"	���
�������

#� $
�����������������������

%� ��������&���������������&�����
�����
������

'� ����(���"���������
���
��

)� *���
�"
�����
�����������+�����������"���
��

��������
	�

���������	�


����


,� $
�������������	
���
����-�.��
�

�� 	���
����"��������������������
����
�����
��+��
���"-�

�� *�
���
����

������+�������������
�"	���
���
��

�� /��-�	
�&	����"�
��
��

�� 0��
�"
�����
������������
����
������������

#� �����"
��������������

%� 1
���"�����&���
����-��"-���������&�������

��������
	�

���������	�


����


'� ����
��
������������
��������
�������-�

�� 2���
��+��
����&���

��+��
�"
�������+�
�"�

�� 3""���
�"
�������&
���&���"��
�����

�� *4���
����

�������

�� /������"������������
��
���
���
����

#� 5�
�
�������������	����
�����"	���
���	���&	������
�

%� ��

�����-���&�
���	���&	����������
�"	�

'� �
�&�	�������-��"����6#78��	���&	����9
"���
�"	�

��������
	�

��������



����


)� 2��"���
����
������&�����������-�

�� 2������������"	��
��

�� ���&�
��	�
���"	���
������������
�"	���
��

�� *����������������!�����
�����������:��
���
��
�������

�� ��!����"	���
�����

#� 2����������������������

%� 5	��:
&����&��
�����������	��
��
���
�������

��������
	�

�����������


�	��

�� �������


����


'� /��������������������
��+��
:��-
��+��
���
��

!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��#����$
����%"


& !�	��
�����
'
()�!
�
*	���
(
!*�+�,�*)
�-��.
�!��
'
���
/
��
/
��
/
���
�
0
12-��*�2-
'

!�


≤≤≤≤

3453
'
����������
!�


3456

7

3403
'
�����������
�������������

!�


≥≥≥≥

3406
'
�������������
 �����������

����
��������������$	�����	��!	�
� �����

10/25/2022
Area of increasing confinement to I-295 culvert

Nick Miller, �JohnField 

x

x

x

x
x
x
x
x

x

7 2

x
x
x
x
x
x
x
7 0

x
x
x

x
x

x

x
x

5 3

x

xx

x
x
x
x
7 0

0

0.38

0

0.15

In regime

Appendix 2. Rapid geomorphic assessment data sheet.

Chenery Brook Reach 5

0.22

Falmouth streams geomorphic assessment report - June 2023     Page 82 of 171



��������	
	�����������
����������
����������	
����
���������������
����
�
������

������ ���	
������ ��������
���������� ������

��	
	�����'�����	�� ���������	���

��	����
 ���� ����	
��
�� �� ����

�	��

2�
�� ���
���������

�� ����
����
��������������
��
��
��
��

�� �������������������

��  ��!"	���
�������

#� $
�����������������������

%� ��������&���������������&�����
�����
������

'� ����(���"���������
���
��

)� *���
�"
�����
�����������+�����������"���
��

��������
	�

���������	�


����


,� $
�������������	
���
����-�.��
�

�� 	���
����"��������������������
����
�����
��+��
���"-�

�� *�
���
����

������+�������������
�"	���
���
��

�� /��-�	
�&	����"�
��
��

�� 0��
�"
�����
������������
����
������������

#� �����"
��������������

%� 1
���"�����&���
����-��"-���������&�������

��������
	�

���������	�


����


'� ����
��
������������
��������
�������-�

�� 2���
��+��
����&���

��+��
�"
�������+�
�"�

�� 3""���
�"
�������&
���&���"��
�����

�� *4���
����

�������

�� /������"������������
��
���
���
����

#� 5�
�
�������������	����
�����"	���
���	���&	������
�

%� ��

�����-���&�
���	���&	����������
�"	�

'� �
�&�	�������-��"����6#78��	���&	����9
"���
�"	�

��������
	�

��������



����


)� 2��"���
����
������&�����������-�

�� 2������������"	��
��

�� ���&�
��	�
���"	���
������������
�"	���
��

�� *����������������!�����
�����������:��
���
��
�������

�� ��!����"	���
�����

#� 2����������������������

%� 5	��:
&����&��
�����������	��
��
���
�������

��������
	�

�����������


�	��

�� �������


����


'� /��������������������
��+��
:��-
��+��
���
��

!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��#����$
����%"


& !�	��
�����
'
()�!
�
*	���
(
!*�+�,�*)
�-��.
�!��
'
���
/
��
/
��
/
���
�
0
12-��*�2-
'

!�


≤≤≤≤

3453
'
����������
!�


3456

7

3403
'
�����������
�������������

!�


≥≥≥≥

3406
'
�������������
 �����������

����
��������������$	�����	��!	�
� �����

10/25/2022
I-295 culvert to Sharp bend at high RB

Nick Miller, �JohnField 

x

x

x

x
x

x
x

x

x

5 4

x
x
x
x
x
x
x
7 0

x
x

x
x
x

x

x
x

6 2

x

xx

x
x
x
x
7 0

0

0.25

0

0.20

In regime

Appendix 2. Rapid geomorphic assessment data sheet.

Chenery Brook Reach 6

0.56

Falmouth streams geomorphic assessment report - June 2023     Page 83 of 171



��������	
	�����������
����������
����������	
����
���������������
����
�
������

������ ���	
������ ��������
���������� ������

��	
	�����'�����	�� ���������	���

��	����
 ���� ����	
��
�� �� ����

�	��

2�
�� ���
���������

�� ����
����
��������������
��
��
��
��

�� �������������������

��  ��!"	���
�������

#� $
�����������������������

%� ��������&���������������&�����
�����
������

'� ����(���"���������
���
��

)� *���
�"
�����
�����������+�����������"���
��

��������
	�

���������	�


����


,� $
�������������	
���
����-�.��
�

�� 	���
����"��������������������
����
�����
��+��
���"-�

�� *�
���
����

������+�������������
�"	���
���
��

�� /��-�	
�&	����"�
��
��

�� 0��
�"
�����
������������
����
������������

#� �����"
��������������

%� 1
���"�����&���
����-��"-���������&�������

��������
	�

���������	�


����


'� ����
��
������������
��������
�������-�

�� 2���
��+��
����&���

��+��
�"
�������+�
�"�

�� 3""���
�"
�������&
���&���"��
�����

�� *4���
����

�������

�� /������"������������
��
���
���
����

#� 5�
�
�������������	����
�����"	���
���	���&	������
�

%� ��

�����-���&�
���	���&	����������
�"	�

'� �
�&�	�������-��"����6#78��	���&	����9
"���
�"	�

��������
	�

��������



����


)� 2��"���
����
������&�����������-�

�� 2������������"	��
��

�� ���&�
��	�
���"	���
������������
�"	���
��

�� *����������������!�����
�����������:��
���
��
�������

�� ��!����"	���
�����

#� 2����������������������

%� 5	��:
&����&��
�����������	��
��
���
�������

��������
	�

�����������


�	��

�� �������


����


'� /��������������������
��+��
:��-
��+��
���
��

!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��#����$
����%"


& !�	��
�����
'
()�!
�
*	���
(
!*�+�,�*)
�-��.
�!��
'
���
/
��
/
��
/
���
�
0
12-��*�2-
'

!�


≤≤≤≤

3453
'
����������
!�


3456

7

3403
'
�����������
�������������

!�


≥≥≥≥

3406
'
�������������
 �����������

����
��������������$	�����	��!	�
� �����

10/25/2022
Sharp bend at high RB to Mill Brook confluence

Nick Miller, �JohnField 

x

x

x

x
x
x
x

x
x

2 7

x
x
x
x
x
x
x
7 0

x
x
x

x
x

x

x
x

5 3

x
xx
x
x
x
x
6 1

0

0.38

0.14

0.33

Transitional or stressed

Appendix 2. Rapid geomorphic assessment data sheet.

Chenery Brook Reach 7

0.78

Falmouth streams geomorphic assessment report - June 2023     Page 84 of 171



��������	
	�����������
����������
����������	
����
���������������
����
�
������

������ ���	
������ ��������
���������� ������

��	
	�����'�����	�� ���������	���

��	����
 ���� ����	
��
�� �� ����

�	��

2�
�� ���
���������

�� ����
����
��������������
��
��
��
��

�� �������������������

��  ��!"	���
�������

#� $
�����������������������

%� ��������&���������������&�����
�����
������

'� ����(���"���������
���
��

)� *���
�"
�����
�����������+�����������"���
��

��������
	�

���������	�


����


,� $
�������������	
���
����-�.��
�

�� 	���
����"��������������������
����
�����
��+��
���"-�

�� *�
���
����

������+�������������
�"	���
���
��

�� /��-�	
�&	����"�
��
��

�� 0��
�"
�����
������������
����
������������

#� �����"
��������������

%� 1
���"�����&���
����-��"-���������&�������

��������
	�

���������	�


����


'� ����
��
������������
��������
�������-�

�� 2���
��+��
����&���

��+��
�"
�������+�
�"�

�� 3""���
�"
�������&
���&���"��
�����

�� *4���
����

�������

�� /������"������������
��
���
���
����

#� 5�
�
�������������	����
�����"	���
���	���&	������
�

%� ��

�����-���&�
���	���&	����������
�"	�

'� �
�&�	�������-��"����6#78��	���&	����9
"���
�"	�

��������
	�

��������



����


)� 2��"���
����
������&�����������-�

�� 2������������"	��
��

�� ���&�
��	�
���"	���
������������
�"	���
��

�� *����������������!�����
�����������:��
���
��
�������

�� ��!����"	���
�����

#� 2����������������������

%� 5	��:
&����&��
�����������	��
��
���
�������

��������
	�

�����������


�	��

�� �������


����


'� /��������������������
��+��
:��-
��+��
���
��

!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��#����$
����%"


& !�	��
�����
'
()�!
�
*	���
(
!*�+�,�*)
�-��.
�!��
'
���
/
��
/
��
/
���
�
0
12-��*�2-
'

!�


≤≤≤≤

3453
'
����������
!�


3456

7

3403
'
�����������
�������������

!�


≥≥≥≥

3406
'
�������������
 �����������

����
��������������$	�����	��!	�
� �����

11/7/2022
US of Gray Rd to Upstream Town Line

Nick Miller, �JohnField 

x

x

x

x
x
x
x
x

x

9 0

x
x
x
x
x
x
x
7 0

x
x
x
x
x

x

x
x

8 0

x
xx
x
x
x
x
7 0

0

0

0

0

In regime

Appendix 2. Rapid geomorphic assessment data sheet.

Hobbs Brook Reach 1

0

Falmouth streams geomorphic assessment report - June 2023     Page 85 of 171



��������	
	�����������
����������
����������	
����
���������������
����
�
������

������ ���	
������ ��������
���������� ������

��	
	�����'�����	�� ���������	���

��	����
 ���� ����	
��
�� �� ����

�	��

2�
�� ���
���������

�� ����
����
��������������
��
��
��
��

�� �������������������

��  ��!"	���
�������

#� $
�����������������������

%� ��������&���������������&�����
�����
������

'� ����(���"���������
���
��

)� *���
�"
�����
�����������+�����������"���
��

��������
	�

���������	�


����


,� $
�������������	
���
����-�.��
�

�� 	���
����"��������������������
����
�����
��+��
���"-�

�� *�
���
����

������+�������������
�"	���
���
��

�� /��-�	
�&	����"�
��
��

�� 0��
�"
�����
������������
����
������������

#� �����"
��������������

%� 1
���"�����&���
����-��"-���������&�������

��������
	�

���������	�


����


'� ����
��
������������
��������
�������-�

�� 2���
��+��
����&���

��+��
�"
�������+�
�"�

�� 3""���
�"
�������&
���&���"��
�����

�� *4���
����

�������

�� /������"������������
��
���
���
����

#� 5�
�
�������������	����
�����"	���
���	���&	������
�

%� ��

�����-���&�
���	���&	����������
�"	�

'� �
�&�	�������-��"����6#78��	���&	����9
"���
�"	�

��������
	�

��������



����


)� 2��"���
����
������&�����������-�

�� 2������������"	��
��

�� ���&�
��	�
���"	���
������������
�"	���
��

�� *����������������!�����
�����������:��
���
��
�������

�� ��!����"	���
�����

#� 2����������������������

%� 5	��:
&����&��
�����������	��
��
���
�������

��������
	�

�����������


�	��

�� �������


����


'� /��������������������
��+��
:��-
��+��
���
��

!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��#����$
����%"


& !�	��
�����
'
()�!
�
*	���
(
!*�+�,�*)
�-��.
�!��
'
���
/
��
/
��
/
���
�
0
12-��*�2-
'

!�


≤≤≤≤

3453
'
����������
!�


3456

7

3403
'
�����������
�������������

!�


≥≥≥≥

3406
'
�������������
 �����������

����
��������������$	�����	��!	�
� �����

11/7/2022
Gray Rd to High confining LB

Nick Miller, �JohnField 

x

x

x

x
x
x

x
x

x

6 9

x
x
x
x
x
x
x
7 0

x
x
x
x
x

x

x
x

8 0

x
xx
x
x
x
x
7 0

0

0

0

0.08

In regime

Appendix 2. Rapid geomorphic assessment data sheet.

Hobbs Brook Reach 2

0.33

Falmouth streams geomorphic assessment report - June 2023     Page 86 of 171



��������	
	�����������
����������
����������	
����
���������������
����
�
������

������ ���	
������ ��������
���������� ������

��	
	�����'�����	�� ���������	���

��	����
 ���� ����	
��
�� �� ����

�	��

2�
�� ���
���������

�� ����
����
��������������
��
��
��
��

�� �������������������

��  ��!"	���
�������

#� $
�����������������������

%� ��������&���������������&�����
�����
������

'� ����(���"���������
���
��

)� *���
�"
�����
�����������+�����������"���
��

��������
	�

���������	�


����


,� $
�������������	
���
����-�.��
�

�� 	���
����"��������������������
����
�����
��+��
���"-�

�� *�
���
����

������+�������������
�"	���
���
��

�� /��-�	
�&	����"�
��
��

�� 0��
�"
�����
������������
����
������������

#� �����"
��������������

%� 1
���"�����&���
����-��"-���������&�������

��������
	�

���������	�


����


'� ����
��
������������
��������
�������-�

�� 2���
��+��
����&���

��+��
�"
�������+�
�"�

�� 3""���
�"
�������&
���&���"��
�����

�� *4���
����

�������

�� /������"������������
��
���
���
����

#� 5�
�
�������������	����
�����"	���
���	���&	������
�

%� ��

�����-���&�
���	���&	����������
�"	�

'� �
�&�	�������-��"����6#78��	���&	����9
"���
�"	�

��������
	�

��������



����


)� 2��"���
����
������&�����������-�

�� 2������������"	��
��

�� ���&�
��	�
���"	���
������������
�"	���
��

�� *����������������!�����
�����������:��
���
��
�������

�� ��!����"	���
�����

#� 2����������������������

%� 5	��:
&����&��
�����������	��
��
���
�������

��������
	�

�����������


�	��

�� �������


����


'� /��������������������
��+��
:��-
��+��
���
��

!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��#����$
����%"


& !�	��
�����
'
()�!
�
*	���
(
!*�+�,�*)
�-��.
�!��
'
���
/
��
/
��
/
���
�
0
12-��*�2-
'

!�


≤≤≤≤

3453
'
����������
!�


3456

7

3403
'
�����������
�������������

!�


≥≥≥≥

3406
'
�������������
 �����������

����
��������������$	�����	��!	�
� �����

11/7/2022
High confining LB to Piscataqua River 
confluence

Nick Miller, �JohnField 

x

x

x

x
x

x
x

x

x

6 3

x
x
x
x
x
x
x
7 0

x
x

x
x
x

x

x
x

6 2

x
xx
x
x
x
x
7 0

0

0.25

0

0.15

In regime

Appendix 2. Rapid geomorphic assessment data sheet.

Hobbs Brook Reach 3

0.33

Falmouth streams geomorphic assessment report - June 2023     Page 87 of 171



��������	
	�����������
����������
����������	
����
���������������
����
�
������

������ ���	
������ ��������
���������� ������

��	
	�����'�����	�� ���������	���

��	����
 ���� ����	
��
�� �� ����

�	��

2�
�� ���
���������

�� ����
����
��������������
��
��
��
��

�� �������������������

��  ��!"	���
�������

#� $
�����������������������

%� ��������&���������������&�����
�����
������

'� ����(���"���������
���
��

)� *���
�"
�����
�����������+�����������"���
��

��������
	�

���������	�


����


,� $
�������������	
���
����-�.��
�

�� 	���
����"��������������������
����
�����
��+��
���"-�

�� *�
���
����

������+�������������
�"	���
���
��

�� /��-�	
�&	����"�
��
��

�� 0��
�"
�����
������������
����
������������

#� �����"
��������������

%� 1
���"�����&���
����-��"-���������&�������

��������
	�

���������	�


����


'� ����
��
������������
��������
�������-�

�� 2���
��+��
����&���

��+��
�"
�������+�
�"�

�� 3""���
�"
�������&
���&���"��
�����

�� *4���
����

�������

�� /������"������������
��
���
���
����

#� 5�
�
�������������	����
�����"	���
���	���&	������
�

%� ��

�����-���&�
���	���&	����������
�"	�

'� �
�&�	�������-��"����6#78��	���&	����9
"���
�"	�

��������
	�

��������



����


)� 2��"���
����
������&�����������-�

�� 2������������"	��
��

�� ���&�
��	�
���"	���
������������
�"	���
��

�� *����������������!�����
�����������:��
���
��
�������

�� ��!����"	���
�����

#� 2����������������������

%� 5	��:
&����&��
�����������	��
��
���
�������

��������
	�

�����������


�	��

�� �������


����


'� /��������������������
��+��
:��-
��+��
���
��

!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��#����$
����%"


& !�	��
�����
'
()�!
�
*	���
(
!*�+�,�*)
�-��.
�!��
'
���
/
��
/
��
/
���
�
0
12-��*�2-
'

!�


≤≤≤≤

3453
'
����������
!�


3456

7

3403
'
�����������
�������������

!�


≥≥≥≥

3406
'
�������������
 �����������

����
��������������$	�����	��!	�
� �����

6/1/2022
Route 9 to Olde Blackwood Way

Nick Miller, �JohnField 

x

x

x

x
x
x
x
x

x

8 1

x
x
x
x
x
x
x
7 0

x
x

x
x
x

x

x
x

7 1

x
x

x
x
x
x
x
6 1

0

0.125

0.14

0.094

In regime

Appendix 2. Rapid geomorphic assessment data sheet.

Mill Creek Reach 1

Places

0.11

some

Falmouth streams geomorphic assessment report - June 2023     Page 88 of 171



��������	
	�����������
����������
����������	
����
���������������
����
�
������

������ ���	
������ ��������
���������� ������

��	
	�����'�����	�� ���������	���

��	����
 ���� ����	
��
�� �� ����

�	��

2�
�� ���
���������

�� ����
����
��������������
��
��
��
��

�� �������������������

��  ��!"	���
�������

#� $
�����������������������

%� ��������&���������������&�����
�����
������

'� ����(���"���������
���
��

)� *���
�"
�����
�����������+�����������"���
��

��������
	�

���������	�


����


,� $
�������������	
���
����-�.��
�

�� 	���
����"��������������������
����
�����
��+��
���"-�

�� *�
���
����

������+�������������
�"	���
���
��

�� /��-�	
�&	����"�
��
��

�� 0��
�"
�����
������������
����
������������

#� �����"
��������������

%� 1
���"�����&���
����-��"-���������&�������

��������
	�

���������	�


����


'� ����
��
������������
��������
�������-�

�� 2���
��+��
����&���

��+��
�"
�������+�
�"�

�� 3""���
�"
�������&
���&���"��
�����

�� *4���
����

�������

�� /������"������������
��
���
���
����

#� 5�
�
�������������	����
�����"	���
���	���&	������
�

%� ��

�����-���&�
���	���&	����������
�"	�

'� �
�&�	�������-��"����6#78��	���&	����9
"���
�"	�

��������
	�

��������



����


)� 2��"���
����
������&�����������-�

�� 2������������"	��
��

�� ���&�
��	�
���"	���
������������
�"	���
��

�� *����������������!�����
�����������:��
���
��
�������

�� ��!����"	���
�����

#� 2����������������������

%� 5	��:
&����&��
�����������	��
��
���
�������

��������
	�

�����������


�	��

�� �������


����


'� /��������������������
��+��
:��-
��+��
���
��

!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��#����$
����%"


& !�	��
�����
'
()�!
�
*	���
(
!*�+�,�*)
�-��.
�!��
'
���
/
��
/
��
/
���
�
0
12-��*�2-
'

!�


≤≤≤≤

3453
'
����������
!�


3456

7

3403
'
�����������
�������������

!�


≥≥≥≥

3406
'
�������������
 �����������

����
��������������$	�����	��!	�
� �����

6/1/2022
Olde Blackwood Way to Route 9

Nick Miller, �JohnField 

x

x

x

x
x
x
x
x

x

8 1

x
x
x
x
x
x
x
7 0

x
x
x
x
x

x

x
x

8 0

x
x
x
x
x
x
x
7 0

0

0

0

0.028

In regime

Appendix 2. Rapid geomorphic assessment data sheet.

Mill Creek Reach 2

0.11

Falmouth streams geomorphic assessment report - June 2023     Page 89 of 171



��������	
	�����������
����������
����������	
����
���������������
����
�
������

������ ���	
������ ��������
���������� ������

��	
	�����'�����	�� ���������	���

��	����
 ���� ����	
��
�� �� ����

�	��

2�
�� ���
���������

�� ����
����
��������������
��
��
��
��

�� �������������������

��  ��!"	���
�������

#� $
�����������������������

%� ��������&���������������&�����
�����
������

'� ����(���"���������
���
��

)� *���
�"
�����
�����������+�����������"���
��

��������
	�

���������	�


����


,� $
�������������	
���
����-�.��
�

�� 	���
����"��������������������
����
�����
��+��
���"-�

�� *�
���
����

������+�������������
�"	���
���
��

�� /��-�	
�&	����"�
��
��

�� 0��
�"
�����
������������
����
������������

#� �����"
��������������

%� 1
���"�����&���
����-��"-���������&�������

��������
	�

���������	�


����


'� ����
��
������������
��������
�������-�

�� 2���
��+��
����&���

��+��
�"
�������+�
�"�

�� 3""���
�"
�������&
���&���"��
�����

�� *4���
����

�������

�� /������"������������
��
���
���
����

#� 5�
�
�������������	����
�����"	���
���	���&	������
�

%� ��

�����-���&�
���	���&	����������
�"	�

'� �
�&�	�������-��"����6#78��	���&	����9
"���
�"	�

��������
	�

��������



����


)� 2��"���
����
������&�����������-�

�� 2������������"	��
��

�� ���&�
��	�
���"	���
������������
�"	���
��

�� *����������������!�����
�����������:��
���
��
�������

�� ��!����"	���
�����

#� 2����������������������

%� 5	��:
&����&��
�����������	��
��
���
�������

��������
	�

�����������


�	��

�� �������


����


'� /��������������������
��+��
:��-
��+��
���
��

!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��#����$
����%"


& !�	��
�����
'
()�!
�
*	���
(
!*�+�,�*)
�-��.
�!��
'
���
/
��
/
��
/
���
�
0
12-��*�2-
'

!�


≤≤≤≤

3453
'
����������
!�


3456

7

3403
'
�����������
�������������

!�


≥≥≥≥

3406
'
�������������
 �����������

����
��������������$	�����	��!	�
� �����

6/1/2022
Route 9 to Long Creek Way

Nick Miller, �JohnField 

x

x

x

x
x

x
x

x

x

7 2

x
x
x
x
x
x
x
7 0

x
x

x
x
x

x

x
x

7 1

x
xx

x
x
x
x
5 2

0

0.125

0.29

0.159

In regime

Appendix 2. Rapid geomorphic assessment data sheet.

Mill Creek Reach 3

0.22

Falmouth streams geomorphic assessment report - June 2023     Page 90 of 171



��������	
	�����������
����������
����������	
����
���������������
����
�
������

������ ���	
������ ��������
���������� ������

��	
	�����'�����	�� ���������	���

��	����
 ���� ����	
��
�� �� ����

�	��

2�
�� ���
���������

�� ����
����
��������������
��
��
��
��

�� �������������������

��  ��!"	���
�������

#� $
�����������������������

%� ��������&���������������&�����
�����
������

'� ����(���"���������
���
��

)� *���
�"
�����
�����������+�����������"���
��

��������
	�

���������	�


����


,� $
�������������	
���
����-�.��
�

�� 	���
����"��������������������
����
�����
��+��
���"-�

�� *�
���
����

������+�������������
�"	���
���
��

�� /��-�	
�&	����"�
��
��

�� 0��
�"
�����
������������
����
������������

#� �����"
��������������

%� 1
���"�����&���
����-��"-���������&�������

��������
	�

���������	�


����


'� ����
��
������������
��������
�������-�

�� 2���
��+��
����&���

��+��
�"
�������+�
�"�

�� 3""���
�"
�������&
���&���"��
�����

�� *4���
����

�������

�� /������"������������
��
���
���
����

#� 5�
�
�������������	����
�����"	���
���	���&	������
�

%� ��

�����-���&�
���	���&	����������
�"	�

'� �
�&�	�������-��"����6#78��	���&	����9
"���
�"	�

��������
	�

��������



����


)� 2��"���
����
������&�����������-�

�� 2������������"	��
��

�� ���&�
��	�
���"	���
������������
�"	���
��

�� *����������������!�����
�����������:��
���
��
�������

�� ��!����"	���
�����

#� 2����������������������

%� 5	��:
&����&��
�����������	��
��
���
�������

��������
	�

�����������


�	��

�� �������


����


'� /��������������������
��+��
:��-
��+��
���
��

!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��#����$
����%"


& !�	��
�����
'
()�!
�
*	���
(
!*�+�,�*)
�-��.
�!��
'
���
/
��
/
��
/
���
�
0
12-��*�2-
'

!�


≤≤≤≤

3453
'
����������
!�


3456

7

3403
'
�����������
�������������

!�


≥≥≥≥

3406
'
�������������
 �����������

����
��������������$	�����	��!	�
� �����

6/1/2022
Long Creek Way to the bedrock falls

Nick Miller, �JohnField 

x

x

x

x
x
x

x
x

x

8 1

x
x
x
x
x
x
x
7 0

x
x
x
x
x

x

x
x

8 0

x
xx
x
x
x
x
7 0

0

0

0

0.0275

In regime

Appendix 2. Rapid geomorphic assessment data sheet.

Mill Creek Reach 4

0.11

Falmouth streams geomorphic assessment report - June 2023     Page 91 of 171



��������	
	�����������
����������
����������	
����
���������������
����
�
������

������ ���	
������ ��������
���������� ������

��	
	�����'�����	�� ���������	���

��	����
 ���� ����	
��
�� �� ����

�	��

2�
�� ���
���������

�� ����
����
��������������
��
��
��
��

�� �������������������

��  ��!"	���
�������

#� $
�����������������������

%� ��������&���������������&�����
�����
������

'� ����(���"���������
���
��

)� *���
�"
�����
�����������+�����������"���
��

��������
	�

���������	�


����


,� $
�������������	
���
����-�.��
�

�� 	���
����"��������������������
����
�����
��+��
���"-�

�� *�
���
����

������+�������������
�"	���
���
��

�� /��-�	
�&	����"�
��
��

�� 0��
�"
�����
������������
����
������������

#� �����"
��������������

%� 1
���"�����&���
����-��"-���������&�������

��������
	�

���������	�


����


'� ����
��
������������
��������
�������-�

�� 2���
��+��
����&���

��+��
�"
�������+�
�"�

�� 3""���
�"
�������&
���&���"��
�����

�� *4���
����

�������

�� /������"������������
��
���
���
����

#� 5�
�
�������������	����
�����"	���
���	���&	������
�

%� ��

�����-���&�
���	���&	����������
�"	�

'� �
�&�	�������-��"����6#78��	���&	����9
"���
�"	�

��������
	�

��������



����


)� 2��"���
����
������&�����������-�

�� 2������������"	��
��

�� ���&�
��	�
���"	���
������������
�"	���
��

�� *����������������!�����
�����������:��
���
��
�������

�� ��!����"	���
�����

#� 2����������������������

%� 5	��:
&����&��
�����������	��
��
���
�������

��������
	�

�����������


�	��

�� �������


����


'� /��������������������
��+��
:��-
��+��
���
��

!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��#����$
����%"


& !�	��
�����
'
()�!
�
*	���
(
!*�+�,�*)
�-��.
�!��
'
���
/
��
/
��
/
���
�
0
12-��*�2-
'

!�


≤≤≤≤

3453
'
����������
!�


3456

7

3403
'
�����������
�������������

!�


≥≥≥≥

3406
'
�������������
 �����������

����
��������������$	�����	��!	�
� �����

6/1/2022
From the bedrock falls to the transmission line

Nick Miller, �JohnField 

x

x

x

x
x
x
x
x

x

8 1

x
x
x
x
x
x
x
7 0

x
x
x
x
x

x

x
x

8 0

x
xx

x
x
x
x
5 2

0

0

0.29

0.10

In regime

Appendix 2. Rapid geomorphic assessment data sheet.

Mill Creek Reach 5

0.11

Falmouth streams geomorphic assessment report - June 2023     Page 92 of 171



��������	
	�����������
����������
����������	
����
���������������
����
�
������

������ ���	
������ ��������
���������� ������

��	
	�����'�����	�� ���������	���

��	����
 ���� ����	
��
�� �� ����

�	��

2�
�� ���
���������

�� ����
����
��������������
��
��
��
��

�� �������������������

��  ��!"	���
�������

#� $
�����������������������

%� ��������&���������������&�����
�����
������

'� ����(���"���������
���
��

)� *���
�"
�����
�����������+�����������"���
��

��������
	�

���������	�


����


,� $
�������������	
���
����-�.��
�

�� 	���
����"��������������������
����
�����
��+��
���"-�

�� *�
���
����

������+�������������
�"	���
���
��

�� /��-�	
�&	����"�
��
��

�� 0��
�"
�����
������������
����
������������

#� �����"
��������������

%� 1
���"�����&���
����-��"-���������&�������

��������
	�

���������	�


����


'� ����
��
������������
��������
�������-�

�� 2���
��+��
����&���

��+��
�"
�������+�
�"�

�� 3""���
�"
�������&
���&���"��
�����

�� *4���
����

�������

�� /������"������������
��
���
���
����

#� 5�
�
�������������	����
�����"	���
���	���&	������
�

%� ��

�����-���&�
���	���&	����������
�"	�

'� �
�&�	�������-��"����6#78��	���&	����9
"���
�"	�

��������
	�

��������



����


)� 2��"���
����
������&�����������-�

�� 2������������"	��
��

�� ���&�
��	�
���"	���
������������
�"	���
��

�� *����������������!�����
�����������:��
���
��
�������

�� ��!����"	���
�����

#� 2����������������������

%� 5	��:
&����&��
�����������	��
��
���
�������

��������
	�

�����������


�	��

�� �������


����


'� /��������������������
��+��
:��-
��+��
���
��

!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��#����$
����%"


& !�	��
�����
'
()�!
�
*	���
(
!*�+�,�*)
�-��.
�!��
'
���
/
��
/
��
/
���
�
0
12-��*�2-
'

!�


≤≤≤≤

3453
'
����������
!�


3456

7

3403
'
�����������
�������������

!�


≥≥≥≥

3406
'
�������������
 �����������

����
��������������$	�����	��!	�
� �����

6/1/2022
From the transmission line to Middle Rd

Nick Miller, �JohnField 

x

x

x

x
x

x
x

x

x

6 3

x
x

x
x
x
x
x
5 2

x
x

x
x
x

x

x
x

6 2

x
xx

x
x
x
x
5 2

0.29

0.25

0.29

0.29

Transitional or stressed

Appendix 2. Rapid geomorphic assessment data sheet.

Mill Creek Reach 6

0.33

Falmouth streams geomorphic assessment report - June 2023     Page 93 of 171



��������	
	�����������
����������
����������	
����
���������������
����
�
������

������ ���	
������ ��������
���������� ������

��	
	�����'�����	�� ���������	���

��	����
 ���� ����	
��
�� �� ����

�	��

2�
�� ���
���������

�� ����
����
��������������
��
��
��
��

�� �������������������

��  ��!"	���
�������

#� $
�����������������������

%� ��������&���������������&�����
�����
������

'� ����(���"���������
���
��

)� *���
�"
�����
�����������+�����������"���
��

��������
	�

���������	�


����


,� $
�������������	
���
����-�.��
�

�� 	���
����"��������������������
����
�����
��+��
���"-�

�� *�
���
����

������+�������������
�"	���
���
��

�� /��-�	
�&	����"�
��
��

�� 0��
�"
�����
������������
����
������������

#� �����"
��������������

%� 1
���"�����&���
����-��"-���������&�������

��������
	�

���������	�


����


'� ����
��
������������
��������
�������-�

�� 2���
��+��
����&���

��+��
�"
�������+�
�"�

�� 3""���
�"
�������&
���&���"��
�����

�� *4���
����

�������

�� /������"������������
��
���
���
����

#� 5�
�
�������������	����
�����"	���
���	���&	������
�

%� ��

�����-���&�
���	���&	����������
�"	�

'� �
�&�	�������-��"����6#78��	���&	����9
"���
�"	�

��������
	�

��������



����


)� 2��"���
����
������&�����������-�

�� 2������������"	��
��

�� ���&�
��	�
���"	���
������������
�"	���
��

�� *����������������!�����
�����������:��
���
��
�������

�� ��!����"	���
�����

#� 2����������������������

%� 5	��:
&����&��
�����������	��
��
���
�������

��������
	�

�����������


�	��

�� �������


����


'� /��������������������
��+��
:��-
��+��
���
��

!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��#����$
����%"


& !�	��
�����
'
()�!
�
*	���
(
!*�+�,�*)
�-��.
�!��
'
���
/
��
/
��
/
���
�
0
12-��*�2-
'

!�


≤≤≤≤

3453
'
����������
!�


3456

7

3403
'
�����������
�������������

!�


≥≥≥≥

3406
'
�������������
 �����������

����
��������������$	�����	��!	�
� �����

6/1/2022
Middle Rd to downstream end of bedrock gorge

Nick Miller, �JohnField 

x

x

x

x
x

x
x
x

x

7 3

x
x
x
x
x
x
x
7 0

x
x

x
x
x

x

x
x

5 3

x
xx

x
x

x
x
6 1

0

0.38

0.14

0.19

In regime

Appendix 2. Rapid geomorphic assessment data sheet.

Mill Creek Reach 7

0.22

Falmouth streams geomorphic assessment report - June 2023     Page 94 of 171



��������	
	�����������
����������
����������	
����
���������������
����
�
������

������ ���	
������ ��������
���������� ������

��	
	�����'�����	�� ���������	���

��	����
 ���� ����	
��
�� �� ����

�	��

2�
�� ���
���������

�� ����
����
��������������
��
��
��
��

�� �������������������

��  ��!"	���
�������

#� $
�����������������������

%� ��������&���������������&�����
�����
������

'� ����(���"���������
���
��

)� *���
�"
�����
�����������+�����������"���
��

��������
	�

���������	�


����


,� $
�������������	
���
����-�.��
�

�� 	���
����"��������������������
����
�����
��+��
���"-�

�� *�
���
����

������+�������������
�"	���
���
��

�� /��-�	
�&	����"�
��
��

�� 0��
�"
�����
������������
����
������������

#� �����"
��������������

%� 1
���"�����&���
����-��"-���������&�������

��������
	�

���������	�


����


'� ����
��
������������
��������
�������-�

�� 2���
��+��
����&���

��+��
�"
�������+�
�"�

�� 3""���
�"
�������&
���&���"��
�����

�� *4���
����

�������

�� /������"������������
��
���
���
����

#� 5�
�
�������������	����
�����"	���
���	���&	������
�

%� ��

�����-���&�
���	���&	����������
�"	�

'� �
�&�	�������-��"����6#78��	���&	����9
"���
�"	�

��������
	�

��������



����


)� 2��"���
����
������&�����������-�

�� 2������������"	��
��

�� ���&�
��	�
���"	���
������������
�"	���
��

�� *����������������!�����
�����������:��
���
��
�������

�� ��!����"	���
�����

#� 2����������������������

%� 5	��:
&����&��
�����������	��
��
���
�������

��������
	�

�����������


�	��

�� �������


����


'� /��������������������
��+��
:��-
��+��
���
��

!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��#����$
����%"


& !�	��
�����
'
()�!
�
*	���
(
!*�+�,�*)
�-��.
�!��
'
���
/
��
/
��
/
���
�
0
12-��*�2-
'

!�


≤≤≤≤

3453
'
����������
!�


3456

7

3403
'
�����������
�������������

!�


≥≥≥≥

3406
'
�������������
 �����������

����
��������������$	�����	��!	�
� �����

6/1/2022
From downstream end of bedrock gorge to the 
railroad crossing

Nick Miller, �JohnField 

x

x

x

x
x
x
x
x

x

9 0

x
x
x
x
x
x
x
7 0

x
x
x
x
x

x

x
x

8 0

x

xx

x
x

x
x
4 3

0

0

0.43

0.11

In regime

Appendix 2. Rapid geomorphic assessment data sheet.

Mill Creek Reach 8

0

Falmouth streams geomorphic assessment report - June 2023     Page 95 of 171



��������	
	�����������
����������
����������	
����
���������������
����
�
������

������ ���	
������ ��������
���������� ������

��	
	�����'�����	�� ���������	���

��	����
 ���� ����	
��
�� �� ����

�	��

2�
�� ���
���������

�� ����
����
��������������
��
��
��
��

�� �������������������

��  ��!"	���
�������

#� $
�����������������������

%� ��������&���������������&�����
�����
������

'� ����(���"���������
���
��

)� *���
�"
�����
�����������+�����������"���
��

��������
	�

���������	�


����


,� $
�������������	
���
����-�.��
�

�� 	���
����"��������������������
����
�����
��+��
���"-�

�� *�
���
����

������+�������������
�"	���
���
��

�� /��-�	
�&	����"�
��
��

�� 0��
�"
�����
������������
����
������������

#� �����"
��������������

%� 1
���"�����&���
����-��"-���������&�������

��������
	�

���������	�


����


'� ����
��
������������
��������
�������-�

�� 2���
��+��
����&���

��+��
�"
�������+�
�"�

�� 3""���
�"
�������&
���&���"��
�����

�� *4���
����

�������

�� /������"������������
��
���
���
����

#� 5�
�
�������������	����
�����"	���
���	���&	������
�

%� ��

�����-���&�
���	���&	����������
�"	�

'� �
�&�	�������-��"����6#78��	���&	����9
"���
�"	�

��������
	�

��������



����


)� 2��"���
����
������&�����������-�

�� 2������������"	��
��

�� ���&�
��	�
���"	���
������������
�"	���
��

�� *����������������!�����
�����������:��
���
��
�������

�� ��!����"	���
�����

#� 2����������������������

%� 5	��:
&����&��
�����������	��
��
���
�������

��������
	�

�����������


�	��

�� �������


����


'� /��������������������
��+��
:��-
��+��
���
��

!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��#����$
����%"


& !�	��
�����
'
()�!
�
*	���
(
!*�+�,�*)
�-��.
�!��
'
���
/
��
/
��
/
���
�
0
12-��*�2-
'

!�


≤≤≤≤

3453
'
����������
!�


3456

7

3403
'
�����������
�������������

!�


≥≥≥≥

3406
'
�������������
 �����������

����
��������������$	�����	��!	�
� �����

6/1/2022
RR crossing to I-295

Nick Miller, �JohnField 

x

x

x

x
x
x

x
x

x

7 2

x
x
x
x
x
x
x
7 0

x
x

x
x
x

x

x
x

7 1

x
xx
x

x
x
x
5 2

0

0

0.29

0.13

In regime

Appendix 2. Rapid geomorphic assessment data sheet.

Mill Creek Reach 9

0.22

Falmouth streams geomorphic assessment report - June 2023     Page 96 of 171



��������	
	�����������
����������
����������	
����
���������������
����
�
������

������ ���	
������ ��������
���������� ������

��	
	�����'�����	�� ���������	���

��	����
 ���� ����	
��
�� �� ����

�	��

2�
�� ���
���������

�� ����
����
��������������
��
��
��
��

�� �������������������

��  ��!"	���
�������

#� $
�����������������������

%� ��������&���������������&�����
�����
������

'� ����(���"���������
���
��

)� *���
�"
�����
�����������+�����������"���
��

��������
	�

���������	�


����


,� $
�������������	
���
����-�.��
�

�� 	���
����"��������������������
����
�����
��+��
���"-�

�� *�
���
����

������+�������������
�"	���
���
��

�� /��-�	
�&	����"�
��
��

�� 0��
�"
�����
������������
����
������������

#� �����"
��������������

%� 1
���"�����&���
����-��"-���������&�������

��������
	�

���������	�


����


'� ����
��
������������
��������
�������-�

�� 2���
��+��
����&���

��+��
�"
�������+�
�"�

�� 3""���
�"
�������&
���&���"��
�����

�� *4���
����

�������

�� /������"������������
��
���
���
����

#� 5�
�
�������������	����
�����"	���
���	���&	������
�

%� ��

�����-���&�
���	���&	����������
�"	�

'� �
�&�	�������-��"����6#78��	���&	����9
"���
�"	�

��������
	�

��������



����


)� 2��"���
����
������&�����������-�

�� 2������������"	��
��

�� ���&�
��	�
���"	���
������������
�"	���
��

�� *����������������!�����
�����������:��
���
��
�������

�� ��!����"	���
�����

#� 2����������������������

%� 5	��:
&����&��
�����������	��
��
���
�������

��������
	�

�����������


�	��

�� �������


����


'� /��������������������
��+��
:��-
��+��
���
��

!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��#����$
����%"


& !�	��
�����
'
()�!
�
*	���
(
!*�+�,�*)
�-��.
�!��
'
���
/
��
/
��
/
���
�
0
12-��*�2-
'

!�


≤≤≤≤

3453
'
����������
!�


3456

7

3403
'
�����������
�������������

!�


≥≥≥≥

3406
'
�������������
 �����������

����
��������������$	�����	��!	�
� �����

6/1/2022
I-295 to Rt 1

Nick Miller, �JohnField 

x

x

x

x
x
x
x
x

x

9 0

x
x
x
x
x
x
x
7 0

x
x

x
x
x

x

x
x

7 1

x
xx
x
x
x
x
7 0

0

0.125

0

0.03

In regime

Appendix 2. Rapid geomorphic assessment data sheet.

Mill Creek Reach 10

0

Falmouth streams geomorphic assessment report - June 2023     Page 97 of 171



��������	
	�����������
����������
����������	
����
���������������
����
�
������

������ ���	
������ ��������
���������� ������

��	
	�����'�����	�� ���������	���

��	����
 ���� ����	
��
�� �� ����

�	��

2�
�� ���
���������

�� ����
����
��������������
��
��
��
��

�� �������������������

��  ��!"	���
�������

#� $
�����������������������

%� ��������&���������������&�����
�����
������

'� ����(���"���������
���
��

)� *���
�"
�����
�����������+�����������"���
��

��������
	�

���������	�


����


,� $
�������������	
���
����-�.��
�

�� 	���
����"��������������������
����
�����
��+��
���"-�

�� *�
���
����

������+�������������
�"	���
���
��

�� /��-�	
�&	����"�
��
��

�� 0��
�"
�����
������������
����
������������

#� �����"
��������������

%� 1
���"�����&���
����-��"-���������&�������

��������
	�

���������	�


����


'� ����
��
������������
��������
�������-�

�� 2���
��+��
����&���

��+��
�"
�������+�
�"�

�� 3""���
�"
�������&
���&���"��
�����

�� *4���
����

�������

�� /������"������������
��
���
���
����

#� 5�
�
�������������	����
�����"	���
���	���&	������
�

%� ��

�����-���&�
���	���&	����������
�"	�

'� �
�&�	�������-��"����6#78��	���&	����9
"���
�"	�

��������
	�

��������



����


)� 2��"���
����
������&�����������-�

�� 2������������"	��
��

�� ���&�
��	�
���"	���
������������
�"	���
��

�� *����������������!�����
�����������:��
���
��
�������

�� ��!����"	���
�����

#� 2����������������������

%� 5	��:
&����&��
�����������	��
��
���
�������

��������
	�

�����������


�	��

�� �������


����


'� /��������������������
��+��
:��-
��+��
���
��

!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��#����$
����%"


& !�	��
�����
'
()�!
�
*	���
(
!*�+�,�*)
�-��.
�!��
'
���
/
��
/
��
/
���
�
0
12-��*�2-
'

!�


≤≤≤≤

3453
'
����������
!�


3456

7

3403
'
�����������
�������������

!�


≥≥≥≥

3406
'
�������������
 �����������

����
��������������$	�����	��!	�
� �����

6/1/2022
Rt 1 to Foreside Rd

Nick Miller, �JohnField 

x

x

x

x
x

x
x

x

x

5 4

x
x
x
x
x
x
x
6 1

x
x

x
x

x

x

x
x

4 4

x
xx
x
x
x
x
7 0

0.14

0.50

0

0.27

Transitional or stressed

Appendix 2. Rapid geomorphic assessment data sheet.

Mill Creek Reach 11

0.44

Falmouth streams geomorphic assessment report - June 2023     Page 98 of 171



��������	
	�����������
����������
����������	
����
���������������
����
�
������

������ ���	
������ ��������
���������� ������

��	
	�����'�����	�� ���������	���

��	����
 ���� ����	
��
�� �� ����

�	��

2�
�� ���
���������

�� ����
����
��������������
��
��
��
��

�� �������������������

��  ��!"	���
�������

#� $
�����������������������

%� ��������&���������������&�����
�����
������

'� ����(���"���������
���
��

)� *���
�"
�����
�����������+�����������"���
��

��������
	�

���������	�


����


,� $
�������������	
���
����-�.��
�

�� 	���
����"��������������������
����
�����
��+��
���"-�

�� *�
���
����

������+�������������
�"	���
���
��

�� /��-�	
�&	����"�
��
��

�� 0��
�"
�����
������������
����
������������

#� �����"
��������������

%� 1
���"�����&���
����-��"-���������&�������

��������
	�

���������	�


����


'� ����
��
������������
��������
�������-�

�� 2���
��+��
����&���

��+��
�"
�������+�
�"�

�� 3""���
�"
�������&
���&���"��
�����

�� *4���
����

�������

�� /������"������������
��
���
���
����

#� 5�
�
�������������	����
�����"	���
���	���&	������
�

%� ��

�����-���&�
���	���&	����������
�"	�

'� �
�&�	�������-��"����6#78��	���&	����9
"���
�"	�

��������
	�

��������



����


)� 2��"���
����
������&�����������-�

�� 2������������"	��
��

�� ���&�
��	�
���"	���
������������
�"	���
��

�� *����������������!�����
�����������:��
���
��
�������

�� ��!����"	���
�����

#� 2����������������������

%� 5	��:
&����&��
�����������	��
��
���
�������

��������
	�

�����������


�	��

�� �������


����


'� /��������������������
��+��
:��-
��+��
���
��

!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��#����$
����%"


& !�	��
�����
'
()�!
�
*	���
(
!*�+�,�*)
�-��.
�!��
'
���
/
��
/
��
/
���
�
0
12-��*�2-
'

!�


≤≤≤≤

3453
'
����������
!�


3456

7

3403
'
�����������
�������������

!�


≥≥≥≥

3406
'
�������������
 �����������

����
��������������$	�����	��!	�
� �����

10/25/2022
Cumberland town line to behind Street 
Cycles store

Nick Miller, �JohnField 

x

x

x

x
x
x

x
x

x

6 3

x
x
x

x
x
x
x
4 3

x
x
x

x
x

x

x
x

4 4

x
xx

x
x

x
x
3 4

0.43

0.50

0.57

0.46

In adjustment

Appendix 2. Rapid geomorphic assessment data sheet.

Norton Brook Reach 1

0.33

Falmouth streams geomorphic assessment report - June 2023     Page 99 of 171



��������	
	�����������
����������
����������	
����
���������������
����
�
������

������ ���	
������ ��������
���������� ������

��	
	�����'�����	�� ���������	���

��	����
 ���� ����	
��
�� �� ����

�	��

2�
�� ���
���������

�� ����
����
��������������
��
��
��
��

�� �������������������

��  ��!"	���
�������

#� $
�����������������������

%� ��������&���������������&�����
�����
������

'� ����(���"���������
���
��

)� *���
�"
�����
�����������+�����������"���
��

��������
	�

���������	�


����


,� $
�������������	
���
����-�.��
�

�� 	���
����"��������������������
����
�����
��+��
���"-�

�� *�
���
����

������+�������������
�"	���
���
��

�� /��-�	
�&	����"�
��
��

�� 0��
�"
�����
������������
����
������������

#� �����"
��������������

%� 1
���"�����&���
����-��"-���������&�������

��������
	�

���������	�


����


'� ����
��
������������
��������
�������-�

�� 2���
��+��
����&���

��+��
�"
�������+�
�"�

�� 3""���
�"
�������&
���&���"��
�����

�� *4���
����

�������

�� /������"������������
��
���
���
����

#� 5�
�
�������������	����
�����"	���
���	���&	������
�

%� ��

�����-���&�
���	���&	����������
�"	�

'� �
�&�	�������-��"����6#78��	���&	����9
"���
�"	�

��������
	�

��������



����


)� 2��"���
����
������&�����������-�

�� 2������������"	��
��

�� ���&�
��	�
���"	���
������������
�"	���
��

�� *����������������!�����
�����������:��
���
��
�������

�� ��!����"	���
�����

#� 2����������������������

%� 5	��:
&����&��
�����������	��
��
���
�������

��������
	�

�����������


�	��

�� �������


����


'� /��������������������
��+��
:��-
��+��
���
��

!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��#����$
����%"


& !�	��
�����
'
()�!
�
*	���
(
!*�+�,�*)
�-��.
�!��
'
���
/
��
/
��
/
���
�
0
12-��*�2-
'

!�


≤≤≤≤

3453
'
����������
!�


3456

7

3403
'
�����������
�������������

!�


≥≥≥≥

3406
'
�������������
 �����������

����
��������������$	�����	��!	�
� �����

10/27/2022
From behind Street Cycles store to Johnson Rd

Nick Miller, �JohnField 

x

x

x

x
x
x
x
x

x

7 2

x
x

x
x
x
x
x
7 0

x
x
x
x
x

x

x
x

7 1

x
xx
x
x
x
x
6 4

0

0.13

0.14

0.12

In regime

Appendix 2. Rapid geomorphic assessment data sheet.

Norton Brook Reach 2

0.22

Falmouth streams geomorphic assessment report - June 2023     Page 100 of 171



��������	
	�����������
����������
����������	
����
���������������
����
�
������

������ ���	
������ ��������
���������� ������

��	
	�����'�����	�� ���������	���

��	����
 ���� ����	
��
�� �� ����

�	��

2�
�� ���
���������

�� ����
����
��������������
��
��
��
��

�� �������������������

��  ��!"	���
�������

#� $
�����������������������

%� ��������&���������������&�����
�����
������

'� ����(���"���������
���
��

)� *���
�"
�����
�����������+�����������"���
��

��������
	�

���������	�


����


,� $
�������������	
���
����-�.��
�

�� 	���
����"��������������������
����
�����
��+��
���"-�

�� *�
���
����

������+�������������
�"	���
���
��

�� /��-�	
�&	����"�
��
��

�� 0��
�"
�����
������������
����
������������

#� �����"
��������������

%� 1
���"�����&���
����-��"-���������&�������

��������
	�

���������	�


����


'� ����
��
������������
��������
�������-�

�� 2���
��+��
����&���

��+��
�"
�������+�
�"�

�� 3""���
�"
�������&
���&���"��
�����

�� *4���
����

�������

�� /������"������������
��
���
���
����

#� 5�
�
�������������	����
�����"	���
���	���&	������
�

%� ��

�����-���&�
���	���&	����������
�"	�

'� �
�&�	�������-��"����6#78��	���&	����9
"���
�"	�

��������
	�

��������



����


)� 2��"���
����
������&�����������-�

�� 2������������"	��
��

�� ���&�
��	�
���"	���
������������
�"	���
��

�� *����������������!�����
�����������:��
���
��
�������

�� ��!����"	���
�����

#� 2����������������������

%� 5	��:
&����&��
�����������	��
��
���
�������

��������
	�

�����������


�	��

�� �������


����


'� /��������������������
��+��
:��-
��+��
���
��

!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��#����$
����%"


& !�	��
�����
'
()�!
�
*	���
(
!*�+�,�*)
�-��.
�!��
'
���
/
��
/
��
/
���
�
0
12-��*�2-
'

!�


≤≤≤≤

3453
'
����������
!�


3456

7

3403
'
�����������
�������������

!�


≥≥≥≥

3406
'
�������������
 �����������

����
��������������$	�����	��!	�
� �����

10/27/2022
Johnson Rd to Northbrook Dr

Nick Miller, �JohnField 

x

x

x

x
x

x
x

x

x

6 3

x
x

x
x
x
x
x
6 1

x
x

x
x
x

x

x
x

5 3

x
xx
x
x
x
x
6 1

0.14

0.38

0.14

0.25

Transitional or stressed

Appendix 2. Rapid geomorphic assessment data sheet.

Norton Brook Reach 3

0.33

Falmouth streams geomorphic assessment report - June 2023     Page 101 of 171



��������	
	�����������
����������
����������	
����
���������������
����
�
������

������ ���	
������ ��������
���������� ������

��	
	�����'�����	�� ���������	���

��	����
 ���� ����	
��
�� �� ����

�	��

2�
�� ���
���������

�� ����
����
��������������
��
��
��
��

�� �������������������

��  ��!"	���
�������

#� $
�����������������������

%� ��������&���������������&�����
�����
������

'� ����(���"���������
���
��

)� *���
�"
�����
�����������+�����������"���
��

��������
	�

���������	�


����


,� $
�������������	
���
����-�.��
�

�� 	���
����"��������������������
����
�����
��+��
���"-�

�� *�
���
����

������+�������������
�"	���
���
��

�� /��-�	
�&	����"�
��
��

�� 0��
�"
�����
������������
����
������������

#� �����"
��������������

%� 1
���"�����&���
����-��"-���������&�������

��������
	�

���������	�


����


'� ����
��
������������
��������
�������-�

�� 2���
��+��
����&���

��+��
�"
�������+�
�"�

�� 3""���
�"
�������&
���&���"��
�����

�� *4���
����

�������

�� /������"������������
��
���
���
����

#� 5�
�
�������������	����
�����"	���
���	���&	������
�

%� ��

�����-���&�
���	���&	����������
�"	�

'� �
�&�	�������-��"����6#78��	���&	����9
"���
�"	�

��������
	�

��������



����


)� 2��"���
����
������&�����������-�

�� 2������������"	��
��

�� ���&�
��	�
���"	���
������������
�"	���
��

�� *����������������!�����
�����������:��
���
��
�������

�� ��!����"	���
�����

#� 2����������������������

%� 5	��:
&����&��
�����������	��
��
���
�������

��������
	�

�����������


�	��

�� �������


����


'� /��������������������
��+��
:��-
��+��
���
��

!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��#����$
����%"


& !�	��
�����
'
()�!
�
*	���
(
!*�+�,�*)
�-��.
�!��
'
���
/
��
/
��
/
���
�
0
12-��*�2-
'

!�


≤≤≤≤

3453
'
����������
!�


3456

7

3403
'
�����������
�������������

!�


≥≥≥≥

3406
'
�������������
 �����������

����
��������������$	�����	��!	�
� �����

10/27/2022
Northbrook Dr to Mill Creek confluence 

Nick Miller, �JohnField 

x

x

x

x
x
x

x
x

x

5 4

x
x

x
x
x
x
x
6 1

x
x

x
x
x

x

x
x

5 3

x
xx

x
x
x
x
5 2

0.14

0.38

0.29

0.31

Transitional or stressed

Appendix 2. Rapid geomorphic assessment data sheet.

Norton Brook Reach 4

0.44

Falmouth streams geomorphic assessment report - June 2023     Page 102 of 171



��������	
	�����������
����������
����������	
����
���������������
����
�
������

������ ���	
������ ��������
���������� ������

��	
	�����'�����	�� ���������	���

��	����
 ���� ����	
��
�� �� ����

�	��

2�
�� ���
���������

�� ����
����
��������������
��
��
��
��

�� �������������������

��  ��!"	���
�������

#� $
�����������������������

%� ��������&���������������&�����
�����
������

'� ����(���"���������
���
��

)� *���
�"
�����
�����������+�����������"���
��

��������
	�

���������	�


����


,� $
�������������	
���
����-�.��
�

�� 	���
����"��������������������
����
�����
��+��
���"-�

�� *�
���
����

������+�������������
�"	���
���
��

�� /��-�	
�&	����"�
��
��

�� 0��
�"
�����
������������
����
������������

#� �����"
��������������

%� 1
���"�����&���
����-��"-���������&�������

��������
	�

���������	�


����


'� ����
��
������������
��������
�������-�

�� 2���
��+��
����&���

��+��
�"
�������+�
�"�

�� 3""���
�"
�������&
���&���"��
�����

�� *4���
����

�������

�� /������"������������
��
���
���
����

#� 5�
�
�������������	����
�����"	���
���	���&	������
�

%� ��

�����-���&�
���	���&	����������
�"	�

'� �
�&�	�������-��"����6#78��	���&	����9
"���
�"	�

��������
	�

��������



����


)� 2��"���
����
������&�����������-�

�� 2������������"	��
��

�� ���&�
��	�
���"	���
������������
�"	���
��

�� *����������������!�����
�����������:��
���
��
�������

�� ��!����"	���
�����

#� 2����������������������

%� 5	��:
&����&��
�����������	��
��
���
�������

��������
	�

�����������


�	��

�� �������


����


'� /��������������������
��+��
:��-
��+��
���
��

!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��#����$
����%"


& !�	��
�����
'
()�!
�
*	���
(
!*�+�,�*)
�-��.
�!��
'
���
/
��
/
��
/
���
�
0
12-��*�2-
'

!�


≤≤≤≤

3453
'
����������
!�


3456

7

3403
'
�����������
�������������

!�


≥≥≥≥

3406
'
�������������
 �����������

����
��������������$	�����	��!	�
� �����

10/28/2022
Culvert at Ace Hardware to Depot Rd

Nick Miller, �JohnField 

x

x

x

x
x
x
x
x

x

8 1

x
x

x
x
x
x
x
7 0

x
x
x
x
x

x

x
x

8 0

x
xx
x
x
x
x
6 1

0

0

0.14

0.06

In regime

Appendix 2. Rapid geomorphic assessment data sheet.

Webes Creek Reach 1

0.11

Falmouth streams geomorphic assessment report - June 2023     Page 103 of 171



��������	
	�����������
����������
����������	
����
���������������
����
�
������

������ ���	
������ ��������
���������� ������

��	
	�����'�����	�� ���������	���

��	����
 ���� ����	
��
�� �� ����

�	��

2�
�� ���
���������

�� ����
����
��������������
��
��
��
��

�� �������������������

��  ��!"	���
�������

#� $
�����������������������

%� ��������&���������������&�����
�����
������

'� ����(���"���������
���
��

)� *���
�"
�����
�����������+�����������"���
��

��������
	�

���������	�


����


,� $
�������������	
���
����-�.��
�

�� 	���
����"��������������������
����
�����
��+��
���"-�

�� *�
���
����

������+�������������
�"	���
���
��

�� /��-�	
�&	����"�
��
��

�� 0��
�"
�����
������������
����
������������

#� �����"
��������������

%� 1
���"�����&���
����-��"-���������&�������

��������
	�

���������	�


����


'� ����
��
������������
��������
�������-�

�� 2���
��+��
����&���

��+��
�"
�������+�
�"�

�� 3""���
�"
�������&
���&���"��
�����

�� *4���
����

�������

�� /������"������������
��
���
���
����

#� 5�
�
�������������	����
�����"	���
���	���&	������
�

%� ��

�����-���&�
���	���&	����������
�"	�

'� �
�&�	�������-��"����6#78��	���&	����9
"���
�"	�

��������
	�

��������



����


)� 2��"���
����
������&�����������-�

�� 2������������"	��
��

�� ���&�
��	�
���"	���
������������
�"	���
��

�� *����������������!�����
�����������:��
���
��
�������

�� ��!����"	���
�����

#� 2����������������������

%� 5	��:
&����&��
�����������	��
��
���
�������

��������
	�

�����������


�	��

�� �������


����


'� /��������������������
��+��
:��-
��+��
���
��

!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��#����$
����%"


& !�	��
�����
'
()�!
�
*	���
(
!*�+�,�*)
�-��.
�!��
'
���
/
��
/
��
/
���
�
0
12-��*�2-
'

!�


≤≤≤≤

3453
'
����������
!�


3456

7

3403
'
�����������
�������������

!�


≥≥≥≥

3406
'
�������������
 �����������

����
��������������$	�����	��!	�
� �����

10/28/2022
 Depot Rd to the end of the lawn

Nick Miller, �JohnField 

x

x

x

x
x
x
x
x

x

7 2

x
x

x
x
x
x
x
7 0

x
x

x
x
x

x

x
x

3 5

x
xx
x
x
x
x
7 0

0

0.63

0

0.21

Transitional or stressed

Appendix 2. Rapid geomorphic assessment data sheet.

Webes Creek Reach 2

0.22

Falmouth streams geomorphic assessment report - June 2023     Page 104 of 171



��������	
	�����������
����������
����������	
����
���������������
����
�
������

������ ���	
������ ��������
���������� �����

��	
	�����'�����	�� ���������	���

��	����
 ���� ����	
��
�� �� ����

�	��

2�
�� ���
���������

�� ����
����
��������������
��
��
��
��

�� �������������������

��  ��!"	���
�������

#� $
�����������������������

%� ��������&���������������&�����
�����
������

'� ����(���"���������
���
��

)� *���
�"
�����
�����������+�����������"���
��

��������
	�

���������	�


����


,� $
�������������	
���
����-�.��
�

�� 	���
����"��������������������
����
�����
��+��
���"-�

�� *�
���
����

������+�������������
�"	���
���
��

�� /��-�	
�&	����"�
��
��

�� 0��
�"
�����
������������
����
������������

#� �����"
��������������

%� 1
���"�����&���
����-��"-���������&�������

��������
	�

���������	�


����


'� ����
��
������������
��������
�������-�

�� 2���
��+��
����&���

��+��
�"
�������+�
�"�

�� 3""���
�"
�������&
���&���"��
�����

�� *4���
����

�������

�� /������"������������
��
���
���
����

#� 5�
�
�������������	����
�����"	���
���	���&	������
�

%� ��

�����-���&�
���	���&	����������
�"	�

'� �
�&�	�������-��"����6#78��	���&	����9
"���
�"	�

��������
	�

��������



����


)� 2��"���
����
������&�����������-�

�� 2������������"	��
��

�� ���&�
��	�
���"	���
������������
�"	���
��

�� *����������������!�����
�����������:��
���
��
�������

�� ��!����"	���
�����

#� 2����������������������

%� 5	��:
&����&��
�����������	��
��
���
�������

��������
	�

�����������


�	��

�� �������


����


'� /��������������������
��+��
:��-
��+��
���
��

!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��#����$
����%"


& !�	��
�����
'
()�!
�
*	���
(
!*�+�,�*)
�-��.
�!��
'
���
/
��
/
��
/
���
�
0
12-��*�2-
'

!�


≤≤≤≤

3453
'
����������
!�


3456

7

3403
'
�����������
�������������

!�


≥≥≥≥

3406
'
�������������
 �����������

����
��������������$	�����	��!	�
� �����

10/28/2022
 From end of the lawn to next lawn on RB DS

Nick Miller, �JohnField 

x

x

x

x
x

x
x
x

x

2 7

x
x

x
x
x
x
x
7 0

x
xx
x
x

x

x
x

8 0

x
xx
x
x
x
x
7 0

0

0

0

0.20

In regime

Appendix 2. Rapid geomorphic assessment data sheet.

Webes Creek Reach 3

0.78

Falmouth streams geomorphic assessment report - June 2023     Page 105 of 171



��������	
	�����������
����������
����������	
����
���������������
����
�
������

������ ���	
������ ��������
���������� �����

��	
	�����'�����	�� ���������	���

��	����
 ���� ����	
��
�� �� ����

�	��

2�
�� ���
���������

�� ����
����
��������������
��
��
��
��

�� �������������������

��  ��!"	���
�������

#� $
�����������������������

%� ��������&���������������&�����
�����
������

'� ����(���"���������
���
��

)� *���
�"
�����
�����������+�����������"���
��

��������
	�

���������	�


����


,� $
�������������	
���
����-�.��
�

�� 	���
����"��������������������
����
�����
��+��
���"-�

�� *�
���
����

������+�������������
�"	���
���
��

�� /��-�	
�&	����"�
��
��

�� 0��
�"
�����
������������
����
������������

#� �����"
��������������

%� 1
���"�����&���
����-��"-���������&�������

��������
	�

���������	�


����


'� ����
��
������������
��������
�������-�

�� 2���
��+��
����&���

��+��
�"
�������+�
�"�

�� 3""���
�"
�������&
���&���"��
�����

�� *4���
����

�������

�� /������"������������
��
���
���
����

#� 5�
�
�������������	����
�����"	���
���	���&	������
�

%� ��

�����-���&�
���	���&	����������
�"	�

'� �
�&�	�������-��"����6#78��	���&	����9
"���
�"	�

��������
	�

��������



����


)� 2��"���
����
������&�����������-�

�� 2������������"	��
��

�� ���&�
��	�
���"	���
������������
�"	���
��

�� *����������������!�����
�����������:��
���
��
�������

�� ��!����"	���
�����

#� 2����������������������

%� 5	��:
&����&��
�����������	��
��
���
�������

��������
	�

�����������


�	��

�� �������


����


'� /��������������������
��+��
:��-
��+��
���
��

!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��#����$
����%"


& !�	��
�����
'
()�!
�
*	���
(
!*�+�,�*)
�-��.
�!��
'
���
/
��
/
��
/
���
�
0
12-��*�2-
'

!�


≤≤≤≤

3453
'
����������
!�


3456

7

3403
'
�����������
�������������

!�


≥≥≥≥

3406
'
�������������
 �����������

����
��������������$	�����	��!	�
� �����

10/28/2022 Nick Miller, �JohnField 

x

x

x

x
x
x
x
x

x

9 0

x
x

x
x
x
x
x
7 0

x
xx
x
x

x

x
x

8 0

x
xx
x
x
x
x
7 0

0

0

0

0

In regime

Appendix 2. Rapid geomorphic assessment data sheet.

Webes Creek Reach 4

0

1st lawn DS to Open meadowy backwater area

Falmouth streams geomorphic assessment report - June 2023     Page 106 of 171



��������	
	�����������
����������
����������	
����
���������������
����
�
������

������ ���	
������ ��������
���������� �����

��	
	�����'�����	�� ���������	���

��	����
 ���� ����	
��
�� �� ����

�	��

2�
�� ���
���������

�� ����
����
��������������
��
��
��
��

�� �������������������

��  ��!"	���
�������

#� $
�����������������������

%� ��������&���������������&�����
�����
������

'� ����(���"���������
���
��

)� *���
�"
�����
�����������+�����������"���
��

��������
	�

���������	�


����


,� $
�������������	
���
����-�.��
�

�� 	���
����"��������������������
����
�����
��+��
���"-�

�� *�
���
����

������+�������������
�"	���
���
��

�� /��-�	
�&	����"�
��
��

�� 0��
�"
�����
������������
����
������������

#� �����"
��������������

%� 1
���"�����&���
����-��"-���������&�������

��������
	�

���������	�


����


'� ����
��
������������
��������
�������-�

�� 2���
��+��
����&���

��+��
�"
�������+�
�"�

�� 3""���
�"
�������&
���&���"��
�����

�� *4���
����

�������

�� /������"������������
��
���
���
����

#� 5�
�
�������������	����
�����"	���
���	���&	������
�

%� ��

�����-���&�
���	���&	����������
�"	�

'� �
�&�	�������-��"����6#78��	���&	����9
"���
�"	�

��������
	�

��������



����


)� 2��"���
����
������&�����������-�

�� 2������������"	��
��

�� ���&�
��	�
���"	���
������������
�"	���
��

�� *����������������!�����
�����������:��
���
��
�������

�� ��!����"	���
�����

#� 2����������������������

%� 5	��:
&����&��
�����������	��
��
���
�������

��������
	�

�����������


�	��

�� �������


����


'� /��������������������
��+��
:��-
��+��
���
��

!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��
	�
�������"


!��#����$
����%"


& !�	��
�����
'
()�!
�
*	���
(
!*�+�,�*)
�-��.
�!��
'
���
/
��
/
��
/
���
�
0
12-��*�2-
'

!�


≤≤≤≤

3453
'
����������
!�


3456

7

3403
'
�����������
�������������

!�


≥≥≥≥

3406
'
�������������
 �����������

����
��������������$	�����	��!	�
� �����

10/28/2022

1st 

Nick Miller, �JohnField 

x

x

x

x
x
x
x
x

x

9 0

x
x

x
x
x
x
x
7 0

x
xx
x
x

x

x
x

8 0

x
xx
x
x
x
x
7 0

0

0

0

0

In regime

Appendix 2. Rapid geomorphic assessment data sheet.

Webes Creek Reach 5

0

Open meadowy backwater area to Mill 
Creek confluence

Falmouth streams geomorphic assessment report - June 2023     Page 107 of 171



APPENDIX 4 

(Survey data and conceptual design packets) 
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Chenery Brook – Reach C2a 

Survey Data and Conceptual Restoration Design 
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Chenery Brook - Surveyed plan view.  Reaches C2a and C2b.
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Cross Section 1 -  Just downstream of railroad culvert outlet

Sloping LB glacial riser

Cross Section 2 - Across wide scour pool from the right bank to the left bank 

Sloping  glacial riser

Top LB, base of large hemlock

Forested loodplain

Remnant riprap

Top of colluvial clay  base of glacial LB

Mossy section of bank

Cross Section 3 -  Across wide mid channel bar 

Back glacial riser, base of road grad I-295, fenceline

Top of scarp with exposed tree roots

Abandoned channel

On railroad grade

Forested loodplain

Displaced armor and sand

0
0

10

5

feet

V.E. = 1.2x

Headwall

mid channel bar

Chenery Brook - Surveyed cross sections.  Reach C2a.

Water surface at time of survey

Bankfull elevation

Note: view looking downstream

Granite block arch culvert

through railroad grade
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Water surface slope  : 0. 003536

Note: View is looking downstream

Water surface level at time of survey
0 25

0

5

feet

V.E. = 3. 7x

Chenery Brook - Longitudinal profile.  Reaches C2a and C2b.

Deep scour pool

(on gravel and displaced riprap)

Loose log jamLog sillHardpan clay bed Log sill
Sand bed

Culvert outlet
Downstream end of

anbandoned meander/oxbow

Stormwater input from I-295

enters and forms scour pool
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Chenery Brook - Proposed planview.  Reach C2a.

Note: In-stream and �oodplain wood and boulder structures are not 

drawn to scale

Cobble bar
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V.E. = 1.2x

Chenery Brook - Proposed Condition for Cross Section 1.  Reach C2a.

Water surface at time of survey

Bankfull elevation

Note: view looking downstream

Note: Structural elements are schematic 

and not to scale

Cross Section 1 

Log Crib Wall

Vertical piles

Boulders and/or brush/slash

placed behind cribbing

Brush/boulders

Log crib wall

Example of crib wall on Sunday River, ME
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Chenery Brook - Proposed Conditions for Cross Section 2. . Reach C2a.

Water surface at time of survey

Bankfull elevation

Natural log sill on Clesson Brook, MA

Cross Section 2

Log Sill 

Log

Boulder

Note: view looking downstream

Note: Structural elements are schematic 

and not to scale
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Chenery Brook – Reach C2b 

Survey Data and Conceptual Restoration Design 

Falmouth streams geomorphic assessment report - June 2023     Page 116 of 171



¯
0 33 66 99

Feet

HeadwallCulvert outlet
XS1

XS4

XS2

XS5

XS3

XS6

Abandoned meander/oxbow

Thalweg

Cobble bar with

displaced riprap

Thalweg of abandoned

channel

Top left bank

Top right bank

Flo
w

Chenery Brook - Surveyed plan view.  Reaches C2a and C2b.
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Cross Section 4 -  Across rile straightened channel 

Top highway I-295 slope

Base of boulders, �ll from I-295
Forested loodplain

Slope break, base of steeper �ll 

Cross Section 5 - Across straight channel onto loodplain

Front bankfull bench
Forested loodplain

Fill riser

Cross Section 6 - Across oxbow meander

Forested Floodplain

Forested Floodplain
Center of oxbow channel

Chenery Brook - Surveyed cross sections.  Reach C2b.

Water surface at time of survey

Bankfull elevation

Note: view looking downstream
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Water surface slope  : 0. 003536

Note: View is looking downstream

Water surface level at time of survey
0 25

0

5

feet

V.E. = 3. 7x

Chenery Brook - Longitudinal profile.  Reaches C2a and C2b.

Deep scour pool

(on gravel and displaced riprap)

Loose log jamLog sillHardpan clay bed Log sill
Sand bed

Culvert outlet
Downstream end of

anbandoned meander/oxbow

Stormwater input from I-295

enters and forms scour pool
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Chenery Brook - Proposed planview.  Reach C2b.

60 90

Boulder supported log jams 

Anticipated thalweg

River bank
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Note: Banklines were not surveyed but based on thalweg position

and width of channel

Note: In-stream and �oodplain wood and boulder structures are not 

drawn to scale
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Cross Section 5
Boulder Supported Log Jam 

Chenery Brook - Proposed conditions for Cross Section 5.  Reach C2b.

Water surface at time of survey

Bankfull elevation

Log

Boulder

Boulder supported log Jam in Houlton, ME

Note: view looking downstream

Note: Structural elements are schematic 

and not to scale
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Hobbs Brook – Reach H2 

Survey Data and Conceptual Restoration Design 
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Hobbs Brook - Surveyed plan view.  Reach H2.

Thalweg

Flow
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Pasture

Hobbs Brook - Surveyed cross sections.  Reach H2.

Water surface at time of survey

Bankfull elevation

Note: view looking downstream

Cross Section 3 - Across straight channel and bankfull bench

Cross Section 2 - Across meander

Cross Section 1 - Across straight channel

Base of riser, back of historic floodplain

Base of riser, back of historic floodplain

On terrace riser, pasture

Recently deposited silt

on inset floodplain

Goldenrod, front of pasture

Forested, gentle slope

Bankfull

Back of inset floodplain

left edge flood chute On terrace riser, alders

On terrace, pasture

Recently deposited silt

on inset floodplain
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Note: View is looking downstream

Water surface level at time of survey

Water surface slope  : 0. 001371

Hardpan clay

Rile, starts on sandy bed

 ends on muddy silt over hardpan clay

0
0

40

5

feet

V.E. = 6x

At sharp meander apex, near 

stray boulders

Hobbs Brook - Longitudinal profile.  Reach H2.

Pool

Riffle upstream of stray

boulders in channelHardpan clay bed

Sediment deposition

narrows channel

Riffle with aquatic vegetation

Falmouth streams geomorphic assessment report - June 2023     Page 125 of 171



¯
0 40 80 120

Feet

Hobbs Brook - Proposed planview.  Reach H2.

Isolated log 

River channel/thalweg

River bank

Riparian bu�er

Log sill

Flow

Note: Banklines were not surveyed but based on thalweg position

and width of channel

Note: In-stream and �oodplain wood and boulder structures are not 

drawn to scale
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Hobbs Brook – Reach H3 

Survey Data and Conceptual Restoration Design 
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Hobbs Brook - Surveyed plan view.  Reach H3.

Thalweg

Flow
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V.E. = 1. 2x

Hobbs Brook - Surveyed cross sections.  Reach H3.

Water surface at time of survey

Bankfull elevation

Note: view looking downstream

Cross Section 1 - Crosses wide side bars upstream of log sill

Forested floodplain with

active flood chutes

Front historic floodplain

Back inset floodplain

Sand/silt bar

Back recent silt deposition

(backwater upstream of log jam)

Forested glacial terrace

Cross Section 2 - Crosses straight channel with silt/sand bars

Front historic floodplain

Forested glacial terrace

Forested floodplain with

active flood chutes
Inset floodplain

Top of scarp with

exposed tree roots

Silt/sand bar

Cross Section 3 - Silt/sand deposition upstream of large log jam

Historic floodplain

(mixed forest)

Bankfull, back of

silt/sand bench
Historic floodplain

(mixed forest)

Silt side bar

Back inset floodplain

Back recent silt deposition

(impounded by log jam)

Backwater elevation
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Note: View is looking downstream

Water surface level at time of survey

Water surface slope  : 0. 00064

0
0

20

5

feet

V.E. = 3. 9x

Hardpan clay

Hobbs Brook - Longitudinal profile.  Reach H3.

Large log jam

(recently impounding reach)

Log sill (dry)
Hardpan clay

Thin silt deposition over

hardpan clay bed
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Hobbs Brook - Proposed planview.  Reach H3.

River channel/thalweg

River bank

Chop and drop trees

Back edge of �oodplain

Flow

Note: Banklines were not surveyed but based on thalweg position

and width of channel

Note: In-stream and �oodplain wood and boulder structures are not 

drawn to scale
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V.E. = 1.2x

Hobbs Brook - Proposed conditions for cross sections.  Reach H3.

Water surface at time of survey

Bankfull elevation

Cross Section 1

Chop and Drop 

Cross Section 2 

Cross Section 3

Chop and drop trees

Example: Chop and drop in Maine

Note: view looking downstream

Note: Structural elements are schematic 

and not to scale
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Mill Creek – Reach M6 

Survey Data and Conceptual Restoration Design 
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Mill Creek - Surveyed plan view.  Reach M6.

Thalweg
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Former channel

Dam ruins

Avulsion channel cut through

glacial clay (current mainstem)
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V.E. = 1. 8x

Mill Creek - Surveyed cross sections.  Reach M6.

Water surface at time of survey

Bankfull elevation

Note: view looking downstream

Cross Section 1 - Across dam ruins and avulsion channel cut through glacial clay (current mainstem)

Cross Section 2 - Across former channel and current mainstem channel

Glacial terrace

Glacial terrace

(hemlock forest)

Near vertical

glacial clay banks

Right edge of dam
Glacial terrace Left edge of dam

(stone and earth fill)

Former channel just

downstream of dam ruins

Former floodplain

Former channel

Former floodplain
Forested floodplain

Terrace riser
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Note: View is looking downstream

Water surface level at time of survey

Water surface slope  : 0. 00426

0

8

0 35feet

V.E. = 3. 8x

Mill Creek - Longitudinal profile.  Reach M6.

Riffle

Upstream of dam ruins

hardpan clay bed

Upstream end

avulsion channel

(in line with dam ruins)
Confluence with

former channel
Scour pool

Longitudinal profile of current mainstem

Confluence with

current mainstem channel

Bedrock ledge grade controls

Dam ruins (stacked granite

blocks with earthen fill)

Longitudinal profile of abandoned former channel

Note: reduced length of current avulsion channel has increased overall channel gradient (slope of reach)
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Mill Creek - Proposed planview.  Reach M6.

Removed Dam

Realigned river channel

Realigned channel banks

Former channel banks

Chop and drop 

Log sill

Isolated log Note: Banklines were not surveyed but based on thalweg position

and width of channel

Note: In-stream and �oodplain wood and boulder structures are not 

drawn to scale

Falmouth streams geomorphic assessment report - June 2023     Page 139 of 171



fe
e

t

V
.E

. 
=

 1
.8

x

M
ill

 C
re

e
k 

- 
P

ro
p

o
se

d
 c

o
n

d
it

io
n

s 
fo

r 
C

ro
ss

 S
e

ct
io

n
 1

.  
R

e
a

ch
 M

6
.

W
a

te
r 

su
rf

a
ce

 a
t 

ti
m

e
 o

f 
su

rv
e

y

B
a

n
kf

u
ll

 e
le

va
ti

o
n

C
ro

ss
 S

e
ct

io
n

 1

C
h

o
p

 a
n

d
 D

ro
p

 f
o

r 
C

h
a

n
n

e
l R

e
a

lig
n

m
e

n
t 

 

C
h

o
p

 a
n

d
 d

ro
p

E
xa

m
p

le
: C

h
o

p
 a

n
d

 d
ro

p
 in

 M
ai

n
e

E
xa

m
p

le
: D

a
m

 r
e

m
o

v
a

l o
n

 C
h

a
n

d
le

r 
B

ro
o

k
, M

E

N
o

te
: v

ie
w

 lo
o

ki
n

g
 d

o
w

n
st

re
am

N
o

te
: S

tr
u

ct
u

ra
l e

le
m

e
n

ts
 a

re
 s

ch
e

m
at

ic
 

an
d

 n
o

t 
to

 s
ca

le

Falmouth streams geomorphic assessment report - June 2023     Page 140 of 171



Mill Creek – Reach M11 

Survey Data and Conceptual Restoration Design 
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Thalweg
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Upstream end of

re-meandering segment

Mill Creek - Surveyed cross sections. Reach M11.
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Upstream end of

straightened segment
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Cross Section 1 - Straight channel (artificially straightened)

Cross Section 2 - Re-meandering channel

Mill Creek - Surveyed cross sections. Reach M11.

Sewer manhole structure

4

100

V.E. = 1.2x

feet
0

Berm

Low bermGrassy floodplain Eroding bank

(planar slip/topples)
Floodplain / marsh

Floodplain / marsh

Pond/depression

Eroding bank

(planar slip/topples)

Toe valley wall

(glacial slope)

Cattail wetland

Water surface at time of survey

Bankfull elevation

Note: view looking downstream
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Note:  flow from left to right

Water surface slope = 0.000350 50
0

5

feet

V.E. = 3.9x

Flow

Pool upstream of

channel-spanning log
Submerged log sill

Meander apex

Water surface at time of survey

Mill Creek - Longitudinal profile. Reach M11.
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Mill Creek - Proposed planview. Reach M11.

¯
0 50 150100

River Channel/Thalweg

River bank

Engineered Log Jam

Removed Berm

Flow

Note: Banklines were not surveyed but based on thalweg position

and width of channel

Note: In-stream and �oodplain wood and boulder structures are not 

drawn to scale
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Norton Brook – Reach N1 

Survey Data and Conceptual Restoration Design 
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Norton Brook - Surveyed plan view.  Reach N1.

Thalweg

Flow
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feet

V.E. = 1. 1x

Mossy scarp

Norton Brook - Surveyed cross sections.  Reach N1.

Water surface at time of survey

Bankfull elevation

Note: view looking downstream

Recently deposited

overbank sand
Forested floodplain

Terrace riser
Riser to Route 1

Recently deposited

overbank sand

Forested floodplain

Forested terrace

Forested floodplain

Riser to Route 1

Terrace riser

Forested floodplain

Forested terrace

Cross Section 1 - Across wide floodplain and straight riffle

Sand bed

Mossy scarp

Cross Section 2 - Across sand bed channel with overbank sand deposition

Cross Section 3 - Crosses channel at meander apex
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Note: View is looking downstream

Water surface level at time of survey

Water surface slope  : 0. 004102

0
0

10

4

feet

V.E. = 2. 9x

Top of log step 

(not on bed)

Stick rile

Small log step

Log step

Pool

Norton Brook - Longitudinal profile.  Reach N1.

Root step

Scour pool

Just downstream

of small avulsion

Deep pool

Leaf/stick jam
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Norton Brook - Proposed plan view.  Reach N1.

River channel/thalweg

River bank

Chop and drop trees

Floodplain

Note: Banklines were not surveyed but based on thalweg position

and width of channel

Note: In-stream and �oodplain wood and boulder structures are not 

drawn to scale
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feet

V.E. = 1.1x

Norton Brook - Proposed conditions for cross sections 1-3. Reach N1.

Cross Section 1

Cross Section 2 

Cross Section 3 

Water surface at time of survey

Bankfull elevation

Chop and drop trees

Chop and Drop

Example: Chop and drop in Maine

Note: view looking downstream

Note: Structural elements are schematic 

and not to scale
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Norton Brook – Reach N2 

Survey Data and Conceptual Restoration Design 
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Norton Brook - Surveyed plan view.  Reach N2.

Meandering channel

Artificially straightened channel
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feet

V.E. = 1. 1x

Natural glacial riser 

5

Norton Brook - Surveyed plan view.  Reach N2.

Meandering channel

with migrating dunes

Cross Section 1 - Across meandering channel and forested floodplain

Cross Section 2 - Across riffle section of horseshoe meander with high sinuosity

Cross Section 3 - Crosses straightened channel and fill encroachment

Water surface at time of survey

Bankfull elevation

Note: view looking downstream

Meandering channel

with migrating dunes

Glacial terrace

Forested floodplain

Top of lateral

sand bar

Side channel

(abandoned meander?)
Fill terrace

Forested floodplain

Recently deposited sand

On sandy tributary delta

Low floodplain

Parking lot built

on artificial fill
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Note: View is looking downstream

Water surface level at time of survey

Water surface slope  : 0. 00568 

Pool

0 30
0

5

feet

V.E. = 2x

Norton Brook - Longitudinal profile.  Reach N2.

Scour pool
Log steps

Log step

Meandering channel

(silt/sand over hardpan clay)

Stick jam Stick jam Cobble step

Flow impinges on

right bank fill terrace

Straight channel moves away

from fill on right bank

Pallet/wood jam forcing

small meander formation
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¯
0

Feet

Norton Brook - Proposed plan view.  Reach N2.

Isolated log 

River channel/thalweg

River bank

Removed �ll

Boulder supported log 

jam

15 30 45

Note: Banklines were not surveyed but based on thalweg position

and width of channel

Note: In-stream and �oodplain wood and boulder structures are not 

drawn to scale
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Norton Brook – Reach N3 

Survey Data and Conceptual Restoration Design 
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Flow

Norton Brook - Surveyed plan view.  Reach N3.

Right bank side channel

Culvert inlet

Top of road grade

(Northbrook Drive)

Gabion basket headwall

Log jam and scour pool

Bedrock cascade
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V.E. = 1. 3x

5

Norton Brook - Surveyed cross sections.  Reach N3.

3.3 ft diameter

Top of glacial riser

Forested floodplain

Boulder fill

(road grade)

Water surface at time of survey

Bankfull elevation

Note: view looking downstream

Cross Section 1 - Across tight meander and scour pool, just upstream of log jam

Cross Section 2 - Across straight cobble riffle

Cross Section 3 - Just upstream of Northbrook Drive culvert

Steep forested glacial slope

Top of scarp at leaning tree

Unconsolidated clay

in pool

Forested floodplain
Forested floodplain

Back forested floodplain

(base of fill)

Mossy banks

Boulder fill

(road grade)Undersized concrete culvert

and failing gabion headwall

Top of road grade (Northbrook Drive)
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Note: View is looking downstream

Water surface level at time of survey

Water surface slope  : 0. 049886 

0 25
0

5

feet

V.E. = 2. 5x

Rile

Norton Brook - Longitudinal profile.  Reach N3.

Sinuous stream upstream

of bedrock ledge cascade

Cascade

Ledge step

Cascade Fractured bedrock/

boulder bed

Channel bed changes

from fractured bedrock to sand

Log jam and

scour pool Sand deposition

(backwater from culvert)
Culvert inlet
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Webes Creek – Reach W1 

Survey Data and Conceptual Restoration Design 
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Note: View is looking downstream
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Atach e t C 

To  Sta dard Agree e t 



I. PARTIES 
This contract (hereinafter referred to as "Agreement") is made and entered into on this _________day of 
___________, 20_  , by and between the Inhabitants of the Town of Falmouth with a mailing address of 271 
Falmouth Road, Falmouth, Maine 04105 (hereinafter referred to as "Town"); and _______ , with a mailing 
address of _______________________________________(hereinafter referred to as "Consultant"). In 
consideration of the mutual promises contained herein, Consultant agrees to perform the following services for 
the Town. 
 
II. SCOPE OF WORK 
 In consideration of the compensation set forth herein, the Consultant shall perform the services as 
outlined in a Request For Proposal dated    and attached hereto as Exhibit A and the response 
attached hereto as Exhibit B.  
 
III. COMMENCEMENT AND COMPLETION 
 The Consultant will commence work on or before _________________, 20___ and will complete work 
on or before __________________, 20___. 
  
IV. PAYMENT TERMS 
The Consultant shall submit an invoice on or about the first of each month reflecting services performed at the 
Consultant's normal professional billing rates, attached hereto as Exhibit C.  The Consultant understands that the 
payment for completion of the services outlined in Section II shall not exceed    ______ Dollars 
($   ), and the Consultant agrees to perform the services on that basis. Invoices shall list separately all out of 
pocket expenses being billed. 
 
V. TERMINATION 
 Either party may terminate this Agreement for cause after giving the other party written notice and a 
reasonable opportunity to cure. The Town may terminate without cause by giving the Consultant fourteen (14) 
days notice, and compensating the Consultant equitably to the termination date. 
 
VI. DISPUTE RESOLUTION 
 Any controversy or claim arising out of or related to this Agreement, which cannot be resolved between 
the parties shall be submitted to the Maine Superior Court (Cumberland County). This agreement shall be 
governed by Maine law. 
 
VII. QUALIFICATIONS 
 The Consultant represents it holds, and will continue to hold during the term hereof any and all 
qualifications, licenses and certifications required to perform its services in Maine. The contractor shall perform 
all services in accordance with professional standards. 
 
VIII. SUBCONTRACTORS 
 The Consultant shall be fully responsible to the Town for the acts and omissions of any subcontractors 
and of persons either directly or indirectly employed by it, and shall hold subcontractors to the same terms and 
conditions as Consultant is held under this Agreement. No subcontractors shall be retained on this Agreement 
without the specific prior written approval of the Town. 
 
IX. INSURANCE 
 The Consultant shall purchase and maintain Workers' Compensation Insurance, General Public Liability 
and Property Damage Insurance including vehicle coverage and professional liability insurance, all with limits 
and terms satisfactory to the Town. The Town shall be named as an additional insured on the liability policy. 
 
X. INDEMNIFICATION 



2 | P a g e 
 

 The Consultant will indemnify and hold harmless the Town, its officers, agents and employees from and 
against all claims, damages, losses and expenses including attorney's fees arising out of or resulting from the 
performance of the Agreement by the Consultant, its officials, employees, agents and subcontractors. 
 
XI. ENTIRE AGREEMENT 
 This Agreement and its attachments represent and contain the entire agreement between the parties. Prior 
discussions or verbal representations by the parties that are not contained in this Agreement and its attachments 
are not a part of this Agreement. Where there is any conflict between the provisions of this Agreement and the 
provisions of any attachment, the provisions of this Agreement shall control. 
 
Date: _______________________ By: ___________________________ 
         
 Title: _______________________      
      
 
Date: _______________________ INHABITANTS OF THE   
 TOWN OF FALMOUTH, MAINE 
 
 By: ___________________________ 
  Nathan A. Poore, Town Manager 
 
 
 


