
         
            
           
 

NOTICE OF PUBLIC HEARING 
SUDBURY CONSERVATION COMMISSION 

 
 

The Sudbury Conservation Commission will hold a public hearing to review the Notice 
of Intent filing for the replacement of a failed culvert that conveys Pantry Brook under 
Marlboro Road, pursuant to the State Act and local Bylaw, at 270 Marlboro Road, 
Sudbury MA. Dan Nason, DPW Director, applicant.  The hearing will be held on Mon., 
March 22, 2021 at 6:45 pm, via Zoom. Please see the Conservation Commission web 
page for further information.  
 
https://sudbury.ma.us/conservationcommission/meeting/conservation-commission-
meeting-monday-march-22-2021/  
 
SUDBURY CONSERVATION COMMISSION 
March 10, 2021 

https://sudbury.ma.us/conservationcommission/meeting/conservation-commission-meeting-monday-march-22-2021/
https://sudbury.ma.us/conservationcommission/meeting/conservation-commission-meeting-monday-march-22-2021/
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abutters_id_field abutters_owner1

D09-0001 AMES LOIS S TRUSTEE  

D09-0201 TOWN OF SUDBURY  

D09-0202 MURPHY DARLENE M & VONGOELER  

D09-0213 GRUENTZIG ALEXANDER WILLMAR  

D09-0214 MCCALLIG MICHAEL T & GERI L  

E09-0803 NYGREN PER J & COLETTE B  



abutters_owner2 abutters_address abutters_address2

THE LOIS S AMES REVOCABLE  285  MARLBORO RD  

CONSERVATION  278 OLD SUDBURY RD  

FRIEDEL S  270 MARLBORO ROAD  

  255 MARLBORO ROAD  

  249 MARLBORO RD  

  260 MARLBORO RD  



abutters_town abutters_state abutters_zip abutters_bookpage

SUDBURY MA 01776 74116-100 

SUDBURY MA 01776 14547-323 

SUDBURY MA 01776 64361-463 

SUDBURY MA 01776 61442-529 

SUDBURY MA 01776 24688-525 

SUDBURY MA 01776 29884-481 



abutters_location

285 MARLBORO RD 

MARLBORO RD 

270 MARLBORO RD 

255 MARLBORO RD 

249 MARLBORO RD 

260 MARLBORO RD 





abutters_id_field abutters_owner1

D09-0001 AMES LOIS S TRUSTEE  

D09-0201 TOWN OF SUDBURY  

D09-0202 MURPHY DARLENE M & VONGOELER  

D09-0204 TOWN OF SUDBURY  

D09-0213 GRUENTZIG ALEXANDER WILLMAR  

E09-0802 SOJA MICHAEL J & MARSHA R  

E09-0803 NYGREN PER J & COLETTE B  

E09-0501 MURPHY DARLENE TRS  



abutters_owner2 abutters_address abutters_address2

THE LOIS S AMES REVOCABLE  285  MARLBORO RD  

CONSERVATION  278 OLD SUDBURY RD  

FRIEDEL S  270 MARLBORO ROAD  

CONSERVATION  278 OLD SUDBURY ROAD  

  255 MARLBORO ROAD  

TRUSTEE MICHAEL J SOJA TRUST  34 MUSKET LANE  

  260 MARLBORO RD  

BARTON FARMS TRUST  270 MARLBOROUGH RD  



abutters_town abutters_state abutters_zip abutters_bookpage

SUDBURY MA 01776 74116-100 

SUDBURY MA 01776 14547-323 

SUDBURY MA 01776 64361-463 

SUDBURY MA 01776 14547-323 

SUDBURY MA 01776 61442-529 

SUDBURY MA 01776 68668-402 

SUDBURY MA 01776 29884-481 

SUDBURY MA 01776 70844-377 



abutters_location

285 MARLBORO RD 

MARLBORO RD 

270 MARLBORO RD 

296 MARLBORO RD 

255 MARLBORO RD 

34 MUSKET LN 

260 MARLBORO RD 

MARLBORO RD 





41 Hutchins Drive
Portland, Maine 04102
www.woodardcurran.com

T 800.426.4262
T 207.774.2112
F 207.774.6635

TECHNICAL MEMORANDUM
TO: Arthur Allen, EcoTec, Inc.
PREPARED BY: Suzanna Taytslin & Kevin Trainor, Woodard & Curran
REVIEWED BY:   Darrin Stairs, Woodard & Curran
DATE: April 13, 2020
RE: Marlboro Road Culvert Replacement – Design Basis Memorandum

1. INTRODUCTION

The purpose of this memorandum is to summarize Woodard & Curran’s hydraulic evaluation of an existing 
culvert carrying Pantry Brook, a mapped perennial stream, beneath Marlboro Road. This memorandum is 
intended to support development of a Notice of Intent to file an application with the Conservation Commission 
for authorization to replace the existing culvert. The existing 42-inch concrete culvert is deteriorating and the 
associated roadway embankment has failed. Woodard & Curran recommends replacing the existing culvert 
with an 8-foot wide, open-bottom culvert with natural streambed material and a maximum depth of 3.5 feet. 
Please refer to Figures 1 and 2 for Site Location Map and Project Area.   

2. EXISTING CONDITIONS EVALUATION

The existing culvert crossing beneath Marlboro Road is in poor condition and requires replacement. The 
embankment above the downstream end is reinforced with a field stone headwall, which failed in August of 
2019 necessitating replacement of the crossing. Gabion baskets have been placed to temporarily support the 
roadway until a replacement culvert is installed.

2.1 Survey

An existing conditions survey of the site was performed by Chappell Engineering Associates on September 17, 
2019. The existing culvert pipe is 29.8 feet long, flowing north to south beneath Marlboro Road. The 
downstream pipe end is located on private property. Survey is included as Attachment A.

2.2 Wetland Resource Evaluation

A wetland resource evaluation was performed by EcoTec, Inc. on August 15, 2019 to evaluate the presence of 
resource areas within the project area. Wetland flags were delineated for the boundary of bordering vegetated 
wetlands (BVW) associated with the upstream wetland complex and downstream perennial stream, labeled 
A1-A15 and B1–B8, respectively. Stream bank flags were delineated for the boundary of the mean annual high-
water line (MAHWL) along the eastern and western bank of Pantry Brook central and northern to the Site, 
labeled RA1-RA13, RB1-RB7, RAA1-RAA6 and RC1-RC10. Pantry Brook and an associated floodplain, 
mapped by the MassDEP as a deep marsh, lie immediately upstream of the culvert. Pantry Brook continues 
from the downstream pipe end through one additional roadway culvert crossing at Concord Road prior to 
discharging into the Sudbury River. The Wetland Resource Evaluation is included as Attachment B.
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2.3 Pantry Brook Channel Conditions

The Pantry Brook channel immediately upstream of the Marlboro Road crossing is meandering, characteristic 
of marsh areas. The slope upstream of the culvert within the surveyed area is approximately 0.68%, and there 
appears to be some sediment deposition upstream of the culvert entrance. The channel downstream of the 
culvert is a perennial stream with a slope of approximately 3.7%; however, there is a scour hole with a depth 
of approximately 1.7 feet, indicating that exit velocity is high, and the culvert is likely undersized. 

The channel width, measured using bank flags, ranges from 7 feet to 12 feet, not including the scour hole. The 
existing culvert is set at approximately 4.25% slope, contains no substrate, and provides no bank area for 
wildlife passage.

2.4 Geotechnical Exploration

GZA GeoEnvironmental, Inc. completed subsurface exploration and compiled a geotechnical memorandum 
dated October 25, 2019 presenting the subsurface findings. Borings B-1 and B-2 were drilled on August 14, 
2019 at the Marlboro Road culvert crossing. Subsurface conditions at the site consist of loose sand and silt fill 
over natural sand and gravel, with the soils encountered generally becoming denser with depth. The 
groundwater level was found to be generally in the range of the upstream MAHWL. The geotechnical 
exploration is included as Attachment C.

2.5 FEMA FIRM Review

Review of the FEMA flood maps indicates that the site is within Zone AE, with the downstream portion of the 
site within a regulatory floodway. The FEMA Base Flood Elevation (BFE) is 141.4 feet in the marsh upstream 
of the culvert and approximately 141.02 feet immediately upstream of the culvert. Based on survey data, the 
roadway centerline elevation appears to be 141 feet, indicating that the road may overtop during the simulated 
precipitation event, despite not being included in the flood zone as mapped on FEMA FIRM Panel 
25017CO0366F. The FIRM panel is included as Attachment D.

2.6 Hydrologic & Hydraulic Analysis

Woodard & Curran performed a hydrologic and hydraulic analysis of the Marlboro Road catchment to establish 
probable flow during 1%-annual chance (“100-year”) precipitation event. The watershed was modeled using 
the Environmental Protection Agency (EPA) Storm Water Management Model, version 5.1.013 (SWMM5) on 
the PCSWMM v7.2.2785 platform. 

Woodard & Curran utilized data from a variety of sources to represent the Pantry Brook drainage area upstream 
of Marlboro Road using the EPA SWMM 5 nonlinear reservoir and modified Green-Ampt infiltration hydrologic 
models coupled with the dynamic wave routing hydraulic model. Subcatchments within the watershed were 
delineated using the watershed delineation tool with a target discretization area of 10 acres. Survey data, in 
conjunction with a 1-meter resolution digital elevation model (DEM) generated by the National Oceanic and 
Atmospheric Administration (NOAA) in 2016, was used to delineate the overall contributing watershed area. 
The NOAA High Resolution Land Cover database was used to determine impervious versus pervious area. 
The Natural Resources Conservation Service (NRCS) soil survey of Middlesex County maps were used to 
define infiltration parameters, and the surface friction parameters were defined using the NOAA High 
Resolution Land Cover database data compiled in 2016. Catchment delineation using the DEM and Land Use 
data indicate that the contributing drainage area to the culvert crossing at Marlboro Street is approximately 573 
acres and 11% impervious. A summary report of hydrologic and hydraulic analysis is included as Attachment 
E. 
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Precipitation event simulations were selected to represent 1%-annual chance storm, or approximately 8.27 
inches of precipitation using a 24-hour, Type D distribution based on the Northeast Regional Climate Center 
precipitation frequency estimates. Based on our analysis, the existing culvert conveys a maximum of 
approximately 125 cubic feet per second (cfs) during the 1%-annual chance event. The culvert acts as a flow 
restriction, impounding water upstream of Marlboro Road. Based on FEMA mapping, as well as Woodard & 
Curran’s analysis, the water level upstream of Marlboro Road approaches the elevation of the road, but may 
not overtop the road. 

3. DESIGN CONSIDERATIONS

The purpose of this project is to improve the structural integrity of the culvert and roadway, while improving the 
hydraulic capacity of the culvert and habitat conditions at the crossing where possible. The design 
considerations of the culvert replacement concentrated on maintaining existing flood conditions for the 100-
year storm event. Hydraulic performance, potential for downstream flooding; effect on upstream, downstream, 
and riparian habitat; potential for erosion and overall effect on stream stability were taken into consideration. 
We evaluated the following alternatives: 

 In-kind replacement of 42-inch RCP culvert matching existing invert elevations

 Embedded 10-foot wide by 6-foot high four-sided pre-cast concrete culvert embedded with 2.5-feet of 
natural streambed material 

 Open-bottom, 8-foot wide culvert with natural streambed and maximum depth of 3.5-feet
Design considerations also included utility and roadway elevation constraints. The existing culvert has a 
maximum depth of 3.5-feet and an invert elevation of 133.23 feet. A 12-inch asbestos cement water utility runs 
over the existing culvert. To limit negative impacts on existing utilities, options were limited to a maximum depth 
of 3.5-feet and an inlet invert elevation of 133.23.

3.1 Hydraulic Analysis Results

To evaluate the potential effects of increasing the hydraulic capacity of the channel, the model domain included 
downstream channel reaches extending to the crossing at Concord Road. Hydraulic conditions in the area 
immediately upstream and downstream of the Marlboro Road crossing were compared for the 1%-annual 
chance event for a replacement in-kind, an embedded 10-foot by 6-foot box culvert with a 4-foot by 10-foot 
clear opening and an open-bottom, three sided culvert with a natural channel bottom. 

Increasing the hydraulic capacity at the Marlboro Road Crossing may reduce the water level upstream and 
increase the water level downstream. Table 3-1 below summarizes the effects of the culvert replacement on 
the upstream and downstream water levels during the 100-year (1% annual chance) event.
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Table 3-1:  Hydraulic Summary of Options

Alternative Description Approximate 
Peak Flow (cfs)

Approximate 
Max Upstream 

Water Level (feet 
NAVD88)

Approximate Max 
Downstream 

Water Level (feet 
NAVD88)

1:  In-Kind 
Replacement

42-inch RCP @ 
4.25% slope

125 141 132.1

2:  Box Culvert 10’ x 6’ closed box 
(embedded 2.5 
feet) @ 4.25% 
slope

355 139.6 132.9

3:  Open-bottom 
Culvert

8’ open bottom 
with max depth of 
3.5’ @ 4.25%

245 141 132.6

3.2 Results Discussion

The following sections address the results in the context of hydraulic performance, upstream and downstream 
water levels, potential for downstream flooding; effect on upstream, downstream, and riparian habitat; potential 
for erosion and overall effect on stream stability.

3.2.1 Alternative 1

Alternative 1 will maintain existing hydraulic performance during the 100-year event and will not change 
upstream and downstream water levels. Alternative 1 will also continue to separate habitat upstream and 
downstream of the culvert. Material deposition upstream of the culvert and erosion downstream will likely 
continue. Erosion may be mitigated by construction of energy dissipation measures to prevent further scour. 

With respect to the Massachusetts Stream Crossing Standards, Alternative 1:

 Does not meet the structure type general or optimal standards. Alternative 1 is neither an open-
bottom structure nor a bridge.

 Does not meet the embedment general standard. Alternative 1 is not embedded.

 Does not meet the crossing span general or optimal standards. The diameter of Alternative 1 is 0.5 x 
the stream’s bankfull width of 7 feet.

 Does not meet the substrate general or optimal standards. Alternative 1 is not embedded.

 Does not meet the water depth and velocity general or optimal standards. 

 Does not meet the openness general or optimal standards. The openness of Alternative 1 is 0.32 
feet.

 Does not meet the banks general or optimal standards. Alternative 1 does not provide banks within 
the crossing.
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3.2.2 Alternative 2

Alternative 2 is likely to reduce the water level upstream of the culvert during the 100-year event and most 
lighter precipitation events, as well as during dry weather, which may have a negative impact on upstream 
habitat. Downstream water levels would likely increase somewhat during heavy precipitation events; however, 
buildings are unlikely to be impacted by this level of increase. Alternative 2 would provide a habitat connection 
upstream and downstream of the culvert; however, the potential for reducing water levels in the upstream 
marsh may ultimately reduce riparian habitat.

With respect to the Massachusetts Stream Crossing Standards, Alternative 2:

 Does not meet the structure type general or optimal standards. Alternative 2 is neither an open-
bottom structure nor a bridge.

 Meets the embedment general standard. Alternative 2 is embedded 2.5 feet.

 Meets the crossing span optimal standard. The span of Alternative 2 is 1.4 x the stream’s bankfull 
width of 7 feet.

 Meets the substrate optimal standard. Alternative 2 is embedded with substrate that matches that of 
the stream.

 Meets the water depth and velocity optimal standard. 

 Meets the openness optimal standard. The openness of Alternative 2 is 1.17 feet. Because the 
steepness of the embankment below Marlboro Road significantly inhibits wildlife passage, the 
optimum openness standard at this crossing is 1.64 feet.

 Meets the banks optimal standard. Alternative 2 provides banks on both sides of the stream that 
match the horizontal profile of the existing stream and banks and would be constructed to not hinder 
use by riverine wildlife. In addition, Alternative 2 meets the optimal standard of providing sufficient 
headroom for wildlife.

3.2.3 Alternative 3

Alternative 3 improves hydraulic capacity of the culvert and generally maintains the upstream water elevation 
during the 100-year event. Downstream water levels may increase marginally during the 100-year precipitation 
event; however, buildings are unlikely to be impacted by this level of increase. By constructing a stream channel 
within the open-bottom culvert that resembles the geometry of the stream channel upstream and downstream, 
the upstream water level will be maintained during low flow, dry-weather conditions. Alternative 3 is suited to 
provide improved habitat connection and preserve existing upstream habitat.

With respect to the Massachusetts Stream Crossing Standards, Alternative 3:

 Meets the structure type general standard. Alternative 3 is an open-bottom structure.

 The embedment standard does not apply. Alternative 3 is an open-bottom structure.

 Does not meet the crossing span general or optimal standards. The diameter of Alternative 3 is 1.14 
x the stream’s bankfull width of 7 feet (optimal standard would be 8.4 feet or 1.2 x bankfull width).

 Meets the substrate general and optimal standards. Alternative 3 would be filled with substrate that 
matches that of the stream.
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 Meets the water depth and velocity optimal standard. 

 Meets the openness general standard. The openness of Alternative 3 is 0.94 feet. 

 Meets the banks general standard. Alternative 3 provides banks on both sides of the stream that 
match the horizontal profile of the existing stream and banks and would be constructed to not hinder 
use by riverine wildlife. In addition, Alternative 2 meets the optimal standard of providing sufficient 
headroom for wildlife.

4. RECOMMENDED REPLACEMENT ALTERNATIVE

Based upon the design considerations and hydraulic calculations, the recommended culvert replacement is 
Alternative 3. Please refer to Figure 6 for a conceptual culvert section. 

In Section 3, all alternatives were evaluated to determine the ability to meet the “Replacing or Retrofitting 
Crossings” section of the latest version of the Massachusetts River and Stream Crossing Standards. There are 
no practicable and substantially equivalent economic alternatives to the proposed project to meet all of the 
general standards of the Massachusetts River and Stream Crossing Standards, while maintaining upstream 
habitat. The proposed alternative was designed to comply with the Massachusetts River and Stream Crossing 
Standards for culvert replacement projects to the extent practicable. In addition, energy dissipation measures 
will be included at the culvert outlet to prevent scour. 

5. CONCEPTUAL SEQUENCE OF CONSTRUCTION

Plans depicting erosion control measures, proposed grading, and other features for the project are currently 
under development. The anticipated sequence of construction is as follows: 

1. Install temporary erosion and sedimentation control measures, including cofferdam, flow diffuser, 
and/or flow diversion; 

2. Protection of existing utilities, including water, natural gas, and telecommunications; 

3. Remove and dispose of the existing culvert, headwalls, and emergency repair gabions and riprap up 
to approximately the roadway centerline, maintaining alternating one-way traffic with flaggers; 

4. Install new culvert and headwall;

5. Reconstruct road to approximate centerline;

6. Repeat steps 3 through 5 for the remaining side of Marlboro Road;  

7. Stabilize side slopes; 

8. Install erosion control matting, loam, and seed on all disturbed areas; and 

9. Remove temporary erosion and sedimentation control measures and cofferdam.
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Figure 1: Site Location Map
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Figure 2:  Project Area
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Figure 3:  Project Area Terrain
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Figure 4:  Project Area Land Cover
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Figure 5:  Project Area Soil Map
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Figure 6:  Replacement Culvert Concept



WOODARD
CURRAN COMMITMENT & INTEGRITY DRIVE RESULTS

41 Hutchins Drive
Portland, Maine 04102
800.426.4262  |  www.woodardcurran.com

FIGURE 6

AutoCAD SHX Text
5:1

AutoCAD SHX Text
1.5:1 MAX

AutoCAD SHX Text
MATCH NATURAL BANK SUBSTRATE 

AutoCAD SHX Text
MATCH NATURAL BANK SUBSTRATE 

AutoCAD SHX Text
BED MATERIAL WELL GRADED ROUND STONE; SELECTIVELY PLACED LARGER, SEMI-ANGULAR STONE

AutoCAD SHX Text
MARLBORO ROAD

AutoCAD SHX Text
PROPOSED CULVERT CONCEPT

AutoCAD SHX Text
NOT TO SCALE

AutoCAD SHX Text
PROPOSED GROUND SURFACE

AutoCAD SHX Text
CHANNEL BOTTOM UPSTREAM EL. 133.23 DOWN STREAM EL. 131.96 LENGTH 30 FEET

AutoCAD SHX Text
5:1

AutoCAD SHX Text
SCALE:

AutoCAD SHX Text
DATE:

AutoCAD SHX Text
JOB NO:

AutoCAD SHX Text
CHECKED BY:

AutoCAD SHX Text
DRAWN BY:

AutoCAD SHX Text
DESIGNED BY:

AutoCAD SHX Text
227202.06

AutoCAD SHX Text
FEBRUARY 2020

AutoCAD SHX Text
TOWN OF SUDBURY, MA 275 OLD LANCASTER ROAD SUDBURY, MA.

AutoCAD SHX Text
MARLBORO ROAD CULVERT CONCEPT

AutoCAD SHX Text
CULVERT DETAIL.dwg

AutoCAD SHX Text
AS NOTED

AutoCAD SHX Text
CULVERT CONCEPT

AutoCAD SHX Text
KJT

AutoCAD SHX Text
PF

AutoCAD SHX Text
DSS

AutoCAD SHX Text
1:1



City of Sudbury, MA (0227202.06) Woodard & Curran
2020.04.06 Stormwater Tech Memo for Permit Application April 13, 2020

ATTACHMENT A: EXISTING CONDITIONS SURVEY





City of Sudbury, MA (0227202.06) Woodard & Curran
2020.04.06 Stormwater Tech Memo for Permit Application April 13, 2020

ATTACHMENT B:  WETLAND RESOURCE EVALUATION



EcoTec, Inc. 
ENVIRONMENTAL CONSULTING SERVICES 

102 Grove Street 

Worcester, MA 01605-2629 

508-752-9666 – Fax: 508-752-9494 

September 12, 2019 

Darrin B. Stairs, PE 
Woodard & Curran, Inc. 
41 Hutchins Drive 
Portland, ME 04102 

RE: Wetland Resource Evaluation, Marlboro Road Culvert, Sudbury, MA 

Dear Darrin: 

On August 15, 2019, EcoTec, Inc. inspected the above-referenced property for the presence of 
wetland resources as defined by: (1) the Massachusetts Wetlands Protection Act (M.G.L. Ch. 
131, § 40; the “Act”) and its implementing regulations (310 CMR 10.00 et seq.; the 
“Regulations”); and (2) the U.S. Clean Water Act (i.e., Section 404 and 401 wetlands). Arthur 
Allen, CPSS, CWS conducted the inspection. 

The subject site consists of the vicinity of an existing culvert carrying Pantry Brook under 
Marlboro Road in Sudbury. The upland portions of the site consist of a public roadway and 
wooded road shoulder slopes. The wetland resources observed on the site are described below. 

Methodology 
The site was inspected, and areas suspected to qualify as wetland resources were identified. 
The boundary of Bordering Vegetated Wetlands was delineated in the field in accordance with 
the definition set forth in the regulations at 310 CMR 10.55(2)(c). Section 10.55(2)(c) states that 
“The boundary of Bordering Vegetated Wetlands is the line within which 50% or more of the 
vegetational community consists of wetland indicator plants and saturated or inundated 
conditions exist.” The methodology used to delineate Bordering Vegetated Wetlands is further 
described in: (1) the BVW Policy “BVW: Bordering Vegetated Wetlands Delineation Criteria and 
Methodology,” issued March 1, 1995; and (2) “Delineating Bordering Vegetated Wetlands 
Under the Massachusetts Wetlands Protection Act: A Handbook,” produced by the 
Massachusetts Department of Environmental Protection, dated March 1995. The plant 
taxonomy used in this report is based on the National List of Plant Species that Occur in 
Wetlands: Massachusetts (Fish and Wildlife Service, U.S. Department of the Interior, 1988). 
Federal wetlands were presumed to have boundaries conterminous with the delineated 
Bordering Vegetated Wetlands. One set of DEP Bordering Vegetated Wetland Delineation Field 
Data Forms completed for observation plots located in the wetlands and uplands near flag A-2 
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EcoTec, Inc. 

is attached. The table below provides the Flag Numbers, Flag Type, and Wetland Types and 
Locations for the delineated wetland resources. 
 

Flag Numbers Flag Type Wetland Types and Locations 

A1 to A15 
(Test Plots at A-2) 

Blue Flags Boundary of Bordering Vegetated Wetlands located 
in the central portion of the site that is associated 
with a perennial stream located to the North. 

B1 to B8 
(Water Pump in stream 
between B-2 and B-3) 

Blue Flags Boundary of Bordering Vegetated Wetlands located 
in the central portion of the site that is associated 
with a perennial stream located to the South. 

RA1 to RA13 
(RA-6 Connect to Culvert) 
(RA-7 Connect to Culvert) 
(Water Pump Near RA-8) 

Red Flags Mean Annual High-water Line (MAHWL) of Pantry 
Brook located in the central portion of the site. 

RA1 to RAA6 Red Flags Mean Annual High-water Line (MAHWL) of Pantry 
Brook located in the central portion of the site. 

RB1 to RB7 
(RB-7 Connect to Riprap) 

Red Flags Mean Annual High-water Line (MAHWL) of Pantry 
Brook located in the central portion of the site. 

RC1 to RC10 
(RC-1 Connect to Culvert) 

Red Flags Mean Annual High-water Line (MAHWL) of Pantry 
Brook located in the central portion of the site. 

 
Findings 
Wetland A/B consists of a wooded swamp fringing on a marsh and wet meadow that is 
associated with a perennial stream (i.e., Pantry Brook). Plant species observed include red 
maple (Acer rubrum), swamp white oak (Quercus bicolor), gray birch (Betula populifolia), and 
American elm (Ulmus americana) trees and/or saplings; poison ivy (Toxicodendron radicans) 
climbing woody vines; highbush blueberry (Vaccinium corymbosum), common winterberry (Ilex 
verticillata), arrow-wood (Viburnum dentatum), withe-rod (Viburnum cassinoides), swamp rose 
(Rosa palustris), speckled alder (Alnus rugosa), silky dogwood (Cornus amomum), maleberry 
(Lyonia ligustrina), glossy buckthorn (Rhamnus frangula), sweet pepper-bush (Clethra alnifolia), 
swamp azalea (Rhododendron viscosum), and American elderberry (Sambucus canadensis) 
shrubs; and sheep-laurel (Kalmia angustifolia), bristly blackberry (Rubus hispidus), cinnamon 
fern (Osmunda cinnamomea), royal fern (Osmunda regalis), sensitive fern (Onoclea sensibilis), 
subarctic lady fern (Athyrium filix-femina), marsh fern (Thelypteris thelypteroides), 
Massachusetts fern (Thelypteris simulata), spinulose woodfern (Dryopteris spinulosa), skunk-
cabbage (Symplocarpus foetidus), swamp Jack-in-the-pulpit (Arisaema triphyllum), spotted 
touch-me-not (Impatiens capensis) and sphagnum moss (Sphagnum sp.) ground cover.  
Evidence of wetland hydrology, including hydric soils, high groundwater, saturated soils, pore 
linings, evidence of flooding, and drainage patterns, was observed within the delineated 
wetland. This vegetated wetland borders a perennial stream; accordingly, the vegetated 
wetlands would be regulated as Bordering Vegetated Wetlands and the perennial stream would 
be regulated as Bank and Land Under Water Bodies and Waterways under the Act. A 100-foot 
Buffer Zone extends horizontally outward from the edge of Bordering Vegetated Wetlands 
under the Act.  
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Bordering Land Subject to Flooding is an area that floods due to a rise in floodwaters from a 
bordering waterway or water body. Where flood studies have been completed, the boundary of 
Bordering Land Subject to Flooding is based upon flood profile data prepared by the National 
Flood Insurance Program. Section 10.57(2)(a)3. states that “The boundary of Bordering Land 
Subject to Flooding is the estimated maximum lateral extent of flood water which will 
theoretically result from the statistical 100-year frequency storm.” The project engineer should 
evaluate the most recent National Flood Insurance Program flood profile data to determine the 
extent and elevation of the Bordering Land Subject to Flooding that occurs on the site. 
Bordering Land Subject to Flooding would occur in areas where the 100-year flood elevation is 
located outside of or upgradient of the delineated Bordering Vegetated Wetlands boundary. 
Bordering Land Subject to Flooding does not have a Buffer Zone under the Act. 
 
The Massachusetts Rivers Protection Act amended the Act to establish an additional wetland 
resource area: Riverfront Area. Based upon a review of the current USGS Map (attached), a 
stream (i.e., Pantry Brook) that is shown as perennial is located within the delineated wetland. 
Streams that are shown as perennial on the current USGS map are designated perennial under 
the Massachusetts Wetlands Protection Act regulations. Unless this perennial designation is 
overcome, Riverfront Area is presumed to extend 200 feet horizontally upgradient from the 
mean annual high-water line of the stream. Section 10.58(2)(a)2. states that the “Mean annual 
high-water line of a river is the line that is apparent from visible markings or changes in the 
character of soils or vegetation due to prolonged presence of water and that distinguishes 
between predominantly aquatic and predominantly terrestrial land. Field indicators of bankfull 
conditions shall be used to determine the mean annual high-water line. Bankfull field indicators 
include but are not limited to: changes in slope, changes in vegetation, stain lines, top of 
pointbars, changes in bank materials, or bank undercuts.” Section 10.58(2)(a)2.a. states that “In 
most rivers, the first observable break in slope is coincident with bankfull conditions and the 
mean annual high-water line.” The mean annual high-water line of the stream was delineated 
in the field with flag series RA, RB ad RC based upon the above-referenced regulation. 
Furthermore, based upon a review of the current USGS Map and observations made during the 
site inspection, there are no other mapped or unmapped streams located within 200 feet of the 
site. Accordingly, except as noted above, Riverfront Area would not occur on the site. Riverfront 
Area does not have a Buffer Zone under the Act, but may overlap other wetland resources and 
their Buffer Zones. 
 
The Regulations require that no project may be permitted that will have any adverse effect on 
specified habitat sites of rare vertebrate or invertebrate species, as identified by procedures set 
forth at 310 CMR 10.59. Based upon a review of the Massachusetts Natural Heritage Atlas, 14th 
edition, Priority Habitats and Estimated Habitats from the NHESP Interactive Viewer, valid from 
August 1, 2017, and Certified Vernal Pools from MassGIS, there are no Estimated Habitats [for 
use with the Act and Regulations (310 CMR 10.00 et seq.)], Priority Habitats [for use with 
Massachusetts Endangered Species Act (M.G.L. Ch. 131A; “MESA”) and MESA Regulations (321 
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CMR 10.00 et seq.)], or Certified Vernal Pools on or in the immediate vicinity of the site. A copy 
of this map is attached. 
 
The reader should be aware that the regulatory authority for determining wetland jurisdiction 
rests with local, state, and federal authorities. A brief description of my experience and 
qualifications is attached. If you have any questions, please feel free to contact me at any time. 
 
Cordially, 
ECOTEC, INC. 

 
Arthur Allen, CWS, CPSS 
Vice President 
 
Attachments (5, 8 pages) 
 
AA/NOI/Sudbury Marlboro EcoTec Wet Report 9.12.2019 



EcoTec, Inc. 

ENVIRONMENTAL CONSULTING SERVICES 
102 Grove Street 

Worcester, MA 01605-2629 
508-752-9666 / Fax: 508-752-9494 

Arthur Allen, CPSS, CWS, CESSWI 

Vice President 

Soil & Wetland Scientist 

Arthur Allen is the Vice President of EcoTec, Inc. and has been a senior environmental scientist there since 1995. 
His work with EcoTec has involved wetland delineation, wildlife habitat evaluation, environmental permitting 
(federal, state and local), environmental monitoring, expert testimony, peer reviews, contaminated site assessment 
and the description, mapping and interpretation of soils. His clients have included private landowners, developers, 
major corporations and regulatory agencies. Prior to joining EcoTec, Mr. Allen mapped and interpreted soils in 
Franklin County, MA for the U.S.D.A. Natural Resources Conservation Service (formerly Soil Conservation 
Service) and was a research soil scientist at Harvard University's Harvard Forest. Since 1994, Mr. Allen has assisted 
the Massachusetts Department of Environmental Protection and the Massachusetts Association of Conservation 
Commissions as an instructor in the interpretation of soils for wetland delineation and for the Title V Soil Evaluator 
program. 

Mr. Allen has a civil service rating as a soil scientist, an undergraduate degree in Natural Resource Studies and a 
graduate certificate in Soil Studies. His work on the Franklin County soil survey involved interpretation of 
landscape-soil-water relationships, classifying soils and drainage, and determining use and limitation of the soil 
units that he delineated. As a soil scientist at the Harvard Forest, Mr. Allen was involved in identifying the legacies 
of historical land-use in modern soil and vegetation at a number of study sites across southern New England. He has 
a working knowledge of the chemical and physical properties of soil and water and how these properties interact 
with the plants that grow on a given site. While at Harvard Forest he authored and presented several papers 
describing his research results which were later published.  In addition to his aforementioned experience, Mr. Allen 
was previously employed by the Trustees of  Reservations as a land manager and by the Town of North Andover, 
MA as a conservation commission intern.   

Education: 

1993-Graduate Certificate in Soil Studies, University of New Hampshire 
1982-Bachelor of Science in Natural Resource Studies, University of Massachusetts 

Professional Affiliations: 

Certified Professional Soil Scientist (ARCPACS CPSS #22529) 
New Hampshire Certified Wetland Scientist (#19) 
Registered Professional Soil Scientist – Society of Soil Scientists of SNE [Board Member (2000-2006)] 
Certified Erosion, Sediment & Stormwater Inspector (#965) 
Massachusetts Approved Soil Evaluator (#13764) 
Massachusetts Arborists Association-Certified Arborist (1982 – 1998) 
New England Hydric Soils Technical Committee member 
Massachusetts Association of Conservation Commissions member 
Society of Wetland Scientists member 

Refereed Publications: 

Soil Science and Survey at Harvard Forest. A.Allen. In: Soil Survey Horizons. Vol. 36, No. 4, 1995, pp. 133-142. 
Controlling Site to Evaluate History: Vegetation Patterns of a New England Sand Plain. G.Motzkin, D.Foster, 
A.Allen, J.Harrod, & R.Boone. In: Ecological Monographs 66(3), 1996, pp. 345-365. 
Vegetation Patterns in Heterogeneous Landscapes: The Importance of History and Environment. G.Motzkin, 
P.Wilson, D.R.Foster & A.Allen.  In: Journal of Vegetation Science 10, 1999, pp. 903-920. 

aabio.doc 
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DEP Bordering Vegetated Wetland (310 CMR 10.55) Delineation Field Form

Applicant    Prepared by: EcoTec, Inc Project Location: Marlborough Rd. Sudbury DEP File #    

Section I. Vegetation

Observation Plot 

Number: TP-Upland Transect # A-2 Date of Delin: 8.15.19

Percent Cover (or 

basal area) Percent Dominance

Dominant 

Plant?

Wetland 

Indicator 

Category

Tree red maple Acer rubrum 40 40.0 YES FAC *

red oak Quercus rubra 30 30.0 YES FACU-

white pine Pinus strobus 30 30.0 YES FACU

Sapling

Shrub glossy buckthorn Rhamnus frangula 30 50.0 YES FAC *

highbush blueberry Vaccinium corymbosum 20 33.3 YES FACW- *

winterberry Ilex verticillata 10 16.7 NO FACW+ *

Ground poison ivy Toxicodendron radicans 20 40.0 YES FAC *

virginia creeper Parthenocissus quinquefolia 10 20.0 YES FACU

meadow rue Thalictrum dioicum 10 20.0 YES FAC *

jewelweed Impatiens capensis 5 10.0 NO FACW *

sensitive fern Onoclea sensibilis 5 10.0 NO FACW *

Vine

Vegetation Conclusions

Number of dominant wetland indicator plants 5 Number of dominant non-wetland indicator plants 3

Is the number of dominant wetland plants equal or greater than the number of dominant non-wetland plants? YES

    A.   Sample layer and plant species

(Enter largest to smallest % cover by layer)



DEP Bordering Vegetated Wetland (310 CMR 10.55) Delineation Field Form

Applicant    Prepared by: EcoTec, Inc Marlborough Rd. Sudbury DEP File #    

Section II. Indicators of Hydrology

Observation Plot 

Number: TP-Upland A-2 Date of Delin:

1. Soil Survey Other Indicators of hydrology (check all that apply):

Is there a published soil survey for this site? Site Inundated

title/date Depth to free water in observation hole

map number Depth to soil saturation in observation hole

soil type mapped Water marks

hydric soil inclusions Drift lines

Are field observarions consistent with soil survey? Sediment Deposits

Drainage patterns in BVWs

Remarks: Oxidized rhizospheres

Water stained leaves

Recorded data (stream, lake, or tidal gauge; aerial photo; other):

2. Soil Description

Horizon Depth (inches) Matrix Color Mottle Color Other:

Litter 1

O 2-0

A 0-8 10YR2/2

Bw 8-15 10YR4/6 10%b 7.5Y4/4 Vegetation and Hydrology Conclusion

Yes No

Remarks Loamy sandys

Wetland hydrology present:

Hydric soil present

3. Other Other indicators of hydrology present

Conclusion: Is the soil hydric? No Sample Location is in a BVW

Project Location:

Transect # 8.15.19

Number of wetland indicator plants ≥ 

number of non-wetland indicator plants



DEP Bordering Vegetated Wetland (310 CMR 10.55) Delineation Field Form

Applicant Prepared by: EcoTec, Inc Project Location: Marlborough Rd. Sudbury DEP File #

Section I. Vegetation

Observation Plot 

Number: TP-Wetland Transect # A-2 Date of Delin: 8.15.19

Percent Cover (or 

basal area) Percent Dominance

Dominant 

Plant?

Wetland 

Indicator 

Category

Tree red maple Acer rubrum 90 81.8 YES FAC *

white pine Pinus strobus 10 9.1 NO FACU

american elm Ulmus americana 10 9.1 NO FACW- *

Sapling red maple Acer rubrum 20 100.0 YES FAC *

Shrub glossy buckthorn Rhamnus frangula 30 37.5 YES FAC *

highbush blueberry Vaccinium corymbosum 30 37.5 YES FACW- *

winterberry Ilex verticillata 20 25.0 YES FACW+ *

Ground poison ivy Toxicodendron radicans 20 50.0 YES FAC *

skunk cabbage Symplocarpus foetidus 10 25.0 YES OBL *

jewelweed Impatiens capensis 10 25.0 YES FACW *

Vine

Vegetation Conclusions

Number of dominant wetland indicator plants 8 Number of dominant non-wetland indicator plants 0

Is the number of dominant wetland plants equal or greater than the number of dominant non-wetland plants? YES

    A.   Sample layer and plant species

(Enter largest to smallest % cover by layer)



DEP Bordering Vegetated Wetland (310 CMR 10.55) Delineation Field Form

Applicant    Prepared by: EcoTec, Inc Marlborough Rd. Sudbury DEP File #    

Section II. Indicators of Hydrology

Observation Plot 

Number: TP-Wetland A-2 Date of Delin:

1. Soil Survey Other Indicators of hydrology (check all that apply):

Is there a published soil survey for this site? Site Inundated

title/date Depth to free water in observation hole

map number Depth to soil saturation in observation hole

soil type mapped Water marks

hydric soil inclusions Drift lines

Are field observarions consistent with soil survey? Sediment Deposits

Drainage patterns in BVWs

Remarks: Oxidized rhizospheres

Water stained leaves

Recorded data (stream, lake, or tidal gauge; aerial photo; other):

2. Soil Description

Horizon Depth (inches) Matrix Color Mottle Color Other:

litter 1

O 3-0

A 0-12 10YR2/1

Bg 12-18 10YR5/2 10%7.5YR4/6 Vegetation and Hydrology Conclusion

Yes No

Remarks A: Mucky loam Bg: stony loam

Wetland hydrology present:

Hydric soil present

3. Other Other indicators of hydrology present

Conclusion: Is the soil hydric? Yes Sample Location is in a BVW

Project Location:

Transect # 8.15.19

Number of wetland indicator plants ≥ 

number of non-wetland indicator plants

6"
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ATTACHMENT C:  GEOTECHNICAL EVALUATION
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08.22.19

As 
Received 

Water
Content

%

LL
%

PL
%

Gravel 
%

Sand 
%

Fines 
%

Org. 
%

Gs

Dry 
unit 

wt. pcf

Test 
Water 

Content 
%

d 

MAX 
(pcf)

Wopt (%)

d 

MAX 
(pcf)

Wopt (%) 

(Corr.)

Target 
Test Setup 

as % of 
Proctor

CBR @ 
0.1"

CBR @ 
0.2"

Perme-ability 
cm/sec

D2216 D2874 D854

B-1 S-4 6-8 S-1 28.7 0.2 61.2 38.6
Brown f-m SAND and SILT, trace 

Gravel

B-2 S-3 4.5-6.5 S-2 22.4 5.2 56.7 38.1
Brown f-m SAND and SILT, trace 

Gravel

Date Reviewed:Reviewed By:Date Received:

Sample No.
Depth 

(ft)
Boring ID

Laboratory           
No.

Laboratory Log
and

Soil Description

D6913 D1557D4318

Summary Page:
Fax: (401)-467-2398 PM: Misrad Alihodzic GZA Project Number: 04.0191011.00

thielsch.com Assigned By: Misrad Alihodzic

LABORATORY TESTING DATA SHEET 

Identification Tests Proctor / CBR / Permeability Tests

Project Information:
Cranston RI, 02910 GZA GeoEnvironmental, Inc Marlboro Road Culvert

Phone: (401)-467-6454 Bedford, NH

195 Frances Avenue Client Information:

Let's Build a Solid Foundation Collected By: Leland Williams Report Date:

Sudbury, MA



Particle Size Distribution Report
P

E
R

C
E

N
T

 F
IN

E
R

0

10

20

30

40

50

60

70

80

90

100

GRAIN SIZE - mm.

0.0010.010.1110100

% +3"
Coarse

% Gravel
Fine Coarse Medium

% Sand
Fine Silt

% Fines
Clay

0.0 0.0 0.2 1.5 11.5 48.2 38.6

6 
in

.

3 
in

.

2 
in

.

1½
 in

.

1 
in

.

¾
 in

.

½
 in

.

3/
8 

in
.

#4 #1
0

#2
0

#3
0

#4
0

#6
0

#1
00

#1
40

#2
00

Test Results (D6913 &  ASTM D 1140)

Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:

Tested By:

Checked By:

Title:

Date Sampled:Source of Sample: Borings Depth: 6-8'
Sample Number: B-1 / S-4

Client:

Project:

Project No: Figure

Brown f-m SAND and SILT, trace Gravel

0.375"
#4

#10
#20
#40
#60

#100
#200

100.0
99.8
98.3
94.7
86.8
74.8
57.8
38.6

NP NV NP

SM A-4(0)

0.5261 0.3835 0.1603
0.1156

Sample visually classified as non-plastic.

08.20.19 08.22.19

IA

Steven Accetta

Laboratory Coordinator

GZA GeoEnvironmental

Marlboro Road Culvert
Sudbury, MA

04.0191011.00

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

* (no specification provided)

Thielsch Engineering Inc.

Cranston, RI S-1
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Test Results (D6913 &  ASTM D 1140)

Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:

Tested By:

Checked By:

Title:

Date Sampled:Source of Sample: Borings Depth: 4.5-6.5'
Sample Number: B-2 / S-3

Client:

Project:

Project No: Figure

Brown f-m SAND and SILT, trace Gravel

0.5"
0.375"

#4
#10
#20
#40
#60

#100
#200

100.0
98.1
94.8
92.3
87.4
80.2
69.9
55.0
38.1

NP NV NP

SM A-4(0)

1.2447 0.6415 0.1776
0.1247

Sample visually classified as non-plastic.

08.20.19 08.22.19

IA

Steven Accetta

Laboratory Coordinator

GZA GeoEnvironmental

Marlboro Road Culvert
Sudbury, MA

04.0191011.00

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

* (no specification provided)

Thielsch Engineering Inc.

Cranston, RI S-2
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ATTACHMENT E:  CULVERT ANALYSIS REPORT



PCSWMM Report

Culvert Analysis Report
Model Marlboro_Rd_2.4.inp

February 7, 2020
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Summary 1: Options

Name Marlboro_Rd_2.0 Marlboro_Rd_2.4

Flow Units CFS CFS

Infiltration method MODIFIED_GREEN_AMPT MODIFIED_GREEN_AMPT

Flow routing method Dynamic Wave Dynamic Wave

Link offsets defined by Depth Depth

Allow ponding No No

Skip steady flow periods No No

Inertial dampening Partial Partial

Define supercritical flow by Both Both

Force Main Equation H-W H-W

Variable time step On On

Adjustment factor (%) 75 75

Conduit lengthening (s) 0 0

Minimum surface area (ft²) 0 0

Starting date Oct-3-2019 12:00:00 AM Oct-3-2019 12:00:00 AM

Ending date Oct-4-2019 12:00:00 AM Oct-4-2019 12:00:00 AM

Duration of simulation (hours) 24 24

Antecedent dry days (days) 0 0

Rain interval (h:mm) 0:06 0:06

Report time step (h:mm:ss) 00:01:00 00:01:00

Wet time step (h:mm:ss) 00:05:00 00:05:00

Dry time step (h:mm:ss) 00:05:00 00:05:00

Routing time step (s) 5 5

Minimum time step used (s) 0.48 0.12

Average time step used (s) 0.65 0.65

Minimum conduit slope 0 0

Ignore rainfall/runoff No No

Ignore snow melt No No

Ignore groundwater No No

Ignore flow routing No No

Ignore water quality No No

Report average results No No
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Summary 2: Model inventory

Name Marlboro_Rd_2.0 Marlboro_Rd_2.4

Raingages 3 3

Subcatchments 158 158

Aquifers 0 0

Snowpacks 0 0

RDII hydrographs 0 0

Junction nodes 165 165

Outfall nodes 1 1

Flow divider nodes 0 0

Storage unit nodes 0 0

Conduit links 163 163

Pump links 0 0

Orifice links 0 0

Weir links 0 0

Outlet links 0 0

Treatment units 0 0

Transects 55 55

Control rules 0 0

Pollutants 0 0

Land Uses 0 0

Control Curves 0 0

Diversion Curves 0 0

Pump Curves 0 0

Rating Curves 0 0

Shape Curves 0 1

Storage Curves 0 0

Tidal Curves 0 0

Weir Curves 0 0

Time Series 3 3

Time Patterns 0 0
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Summary 3: Model complexity

Name Marlboro_Rd_2.0 Marlboro_Rd_2.4

Subcatchments 2044 2044

Groundwater 0 0

Aquifers n/a n/a

Snowpacks n/a n/a

RDII hydrographs n/a n/a

Junction nodes 173 172

Outfall nodes 1 1

Flow divider nodes n/a n/a

Storage unit nodes n/a n/a

Conduit links 678 678

Pump links n/a n/a

Orifice links n/a n/a

Weir links n/a n/a

Outlet links n/a n/a

Transect 165 165

Pollutants n/a n/a

Land Uses n/a n/a

Model complexity (total uncertain input parameters) 3061 3060

Summary 4: Subcatchment statistics

Name Marlboro_Rd_2.0 Marlboro_Rd_2.4

Max. width (ft) 1511.541 1511.541

Min. width (ft) 209.876 209.876

Max. area ( ac) 46.294 46.294

Min. area ( ac) 1.3901 1.3901

Total area ( ac) 1705.9708 1705.9708

Max. length of overland flow (ft) 1964.5914 1964.5914

Min. length of overland flow (ft) 141.173 141.173

Max. slope (%) 18.769 18.769

Min. slope (%) 2.902 2.902

Max. imperviousness (%) 69.834 69.834

Min. imperviousness (%) 0 0

Max. imp. roughness 0.015 0.015

Min. imp. roughness 0.015 0.015

Max. perv. roughness 0.419 0.419

Min. perv. roughness 0.066 0.066

Max. imp. depression storage (in) 0.05 0.05

Min. imp. depression storage (in) 0.05 0.05
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Summary 4: Subcatchment statistics (continued...)

Name Marlboro_Rd_2.0 Marlboro_Rd_2.4

Max. perv. depression storage (in) 0.1 0.1

Min. perv. depression storage (in) 0.1 0.1

Summary 5: Node statistics

Name Marlboro_Rd_2.0 Marlboro_Rd_2.4

Max. ground elev. (ft) 238.28 238.28

Min. ground elev. (ft) 119.35 119.35

Max. invert elev. (ft) 238.28 238.28

Min. invert elev. (ft) 119.08 119.08

Max. depth (ft) 10.5 10.5

Min. depth (ft) 0 0

Summary 6: Conduit statistics

Name Marlboro_Rd_2.0 Marlboro_Rd_2.4

Max. roughness 0.1 0.1

Min. roughness 0.015 0.015

Max. entry loss coef. 0.5 0.5

Min. entry loss coef. 0 0

Max. exit loss coef. 1 1

Min. exit loss coef. 0 0

Max. avg. loss coef. 0 0

Min. avg. loss coef. 0 0

Max. length (ft) 2314.4 2314.4

Min. length (ft) 2.567 2.567

Total length (ft) 69145.79 69145.79

Max. slope (ft/ft) 0.0953 0.0953

Min. slope (ft/ft) -0.2395 -0.2395

Marlboro_Rd_2.4
February 7, 2020 Page 6 of 11

PCSWMM 7.2.2785
SWMM 5.1.013



Summary 7: Runoff quantity continuity

Name Marlboro_Rd_2.0 Marlboro_Rd_2.4

Initial LID storage (in) n/a n/a

Initial snow cover (in) n/a n/a

Total precipitation (in) 8.270 8.270

Outfall runon (in) n/a n/a

Evaporation loss (in) 0.000 0.000

Infiltration loss (in) 5.929 5.929

Surface runoff (in) 2.340 2.340

LID drainage (in) n/a n/a

Snow removed (in) n/a n/a

Final snow cover (in) n/a n/a

Final storage (in) 0.006 0.006

Continuity error (%) -0.060 -0.060

Summary 8: Flow routing continuity

Name Marlboro_Rd_2.0 Marlboro_Rd_2.4

Dry weather inflow (MG) 0.000 0.000

Wet weather inflow (MG) 108.499 108.499

Groundwater inflow (MG) 0.000 0.000

RDII inflow (MG) 0.000 0.000

External inflow (MG) 0.129 0.129

External outflow (MG) 69.708 69.692

Flooding loss (MG) 16.111 16.117

Evaporation loss (MG) 0.000 0.000

Exfiltration loss (MG) 0.000 0.000

Initial stored volume (MG) 0.000 0.000

Final stored volume (MG) 20.844 20.840

Continuity error (%) 1.809 1.822
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Figure 1: Study Area
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Figure 2: PantryBrk_MarlboroRd
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Figure 3: PantryBrk_MarlboroRd
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Figure 4: PantryBrk_MarlboroRd
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