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Executive Summary 

Why is Stormwater a Concern? 
The Town of St. Johnsbury, like many other Vermont cities and villages, historically took advantage of the 
power of water by developing mills, industry, and commerce near flowing water. The Passumpsic River flows 
into the center of downtown St. Johnsbury and confluences with two significant waterways within the town 
boundaries: the Moose River and the Sleepers River. St. Johnsbury’s residents and municipal operations live 
and work today with a legacy of over 200 years’ worth of development and infrastructure, located both along 
these waterways and on their surrounding picturesque but often steep hillsides. 

A significant amount of the pollution in our waterways comes from actions around our homes and businesses, 
in our yards, in our cars, and outdoors. Individually, these activities contribute small amounts of pollutants 
that are washed into streams when it rains or as snow melts—pollutants like dirt, road salt and sand, oil, 
antifreeze, pesticides, and fertilizer. Unlike wastewater, stormwater often is not treated before flowing into St. 
Johnsbury’s streams and rivers, and eventually into the Connecticut River.  

The State of Vermont has regulations to help mitigate the stormwater impacts of larger land development 
projects. Projects with over an acre of impervious cover (like buildings, driveways, and parking) must include 
stormwater management facilities, and must obtain a permit from the State. Smaller-scale projects are not 
required (by the State) to include stormwater management—and most impervious surfaces in Vermont are 
unregulated. Of the estimated 140,000 acres of impervious surface in Vermont, only about 10% is currently 
covered by a permit. At the municipal level, there are also often competing priorities within water quality—
should the highest priority be building and maintaining stormwater practices, or completing “good 
housekeeping” activities like street sweeping or catch basin cleaning that keep pollutants out of the water? 
Should a municipality invest in reducing areas with combined sewers, or is it better to treat runoff from 
otherwise un-managed impervious surfaces? 

Stormwater management is essential to achieving many of Vermont’s water quality goals—and it is 
increasingly becoming less “optional”. The Vermont Agency of Natural Resources is committed to developing 
and issuing a general permit to require development and implementation of stormwater management plans 
for municipal roads, and a separate program and permit to address stormwater from existing developed lands 
with 3 acres or more of impervious cover, by the end of 2017. Although these regulatory commitments were 
made as part of the Vermont Lake Champlain Phosphorus TMDL Phase 1 Implementation Plan, they will extend 
statewide. In addition, Vermont’s new Combined Sewer Overflow (CSO) Rule, effective September 15, 2016, 
includes substantial new requirements for systems with CSOs, including minimum control measures, public 
notification activities, and development of a long-term control plan. The CSO Rule is centered on overflows 
that occur when the combination of stormwater and sanitary wastewater during a storm event is too large for 
the sewer system to handle. In short: having a comprehensive plan at the municipal level for dealing with 
stormwater-related issues is becoming critically important.  
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Total Areas 
Identified 

Initial Stormwater Need or Problem Area Classification 

7 
Moderate erosion and/or drainage problems are present; issues may be readily addressed. 
Two of these are also strategic retrofit opportunities. 

5 Significant erosion and/or drainage problems are present; issues may be readily addressed. 

13 Strategic retrofit opportunity 

How Were Potential Retrofits Prioritized? 
The stormwater problem areas identified through the screening were carried forward through a more detailed 
examination and prioritization process that considered possible regulatory changes, future growth, and the 
suitability of different types of best management practices to each identified problem area. Some of the criteria 
used for prioritization included the severity of the problem, water quality or infrastructure impacts of the 
problem (and thus benefits of the solution), ease of taking action (including site access, ownership, and ease of 
maintenance), municipal needs and priorities (for instance, integration of the solution with upcoming capital 
improvements or co-benefits for combined sewer overflow control), and availability of funding to fix the 
problem.  

In consultation with Town and CCNRCD staff, nine projects were selected for restoration designs and, from 
these, the six highest-priority projects were advanced to preliminary design (Section 7). In addition to these 
designs, four sites were chosen as models for illustrative concepts for integrating green stormwater 
management practices into other Town infrastructure (such as roadways and parking lots) in the future.  

What’s next for the Stormwater Master Plan? 
This Stormwater Master Plan is intended to be a living document. The Town’s priorities will inevitably shift 
as projects are completed, as funding is (or is not) available to pursue retrofits, and as major weather events 
upend a carefully-prioritized stormwater program without warning. In the short term, the Town will work 
with CCNRCD to address specific problem areas identified in this plan—either directly with existing staff and 
resources, or by pursuing grant opportunities.  

Additionally, the Department of Public Works will seek opportunities to improve management of stormwater 
runoff that arise as part of routine municipal projects, such as the substantial reconstruction of a road surface 
or intersection. Grant funds may be available to cover the incremental cost of addressing stormwater runoff as 
part of such projects, especially when stormwater management is considered early in the design process. 
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1. Introduction 

Water knows no political boundaries, and thus evaluations of water quality tend to be undertaken within 
watershed boundaries and involve land areas in multiple towns. From a water quality perspective, it would be 
ideal to manage water resources along watershed lines—but the reality is that many decisions, particularly 
those about land use, are made at the level of towns or individual sites.   

A Stormwater Master Plan is responsive to existing landscape characteristics across all watersheds within local 
political bounds. It connects land use, stormwater management, floodplain management, river management, 
and public infrastructure needs to more effectively address all of the issues which contribute to water quality 
impairment or improvement. Within this Plan, localized stormwater problems are examined at a larger scale 
(e.g., throughout the town core) to determine their relative contributions and aid in setting priorities for 
addressing challenges related to stormwater runoff. As adjoining municipalities also take increasingly 
comprehensive views of stormwater management issues and planning, these plans are one-stop resources that 
can improve coordination and increase opportunities for collaboration in meeting watershed-related needs 
across political boundaries.  

1.1. Project Background 
As precipitation falls on an undisturbed, natural landscape and moves through the hydrologic cycle, it flows 
through a complex system of vegetation, soil, groundwater, and surface water. Natural events have shaped 
these components over time to create a system that can efficiently handle stormwater through evaporation, 
transpiration, infiltration, and runoff. Alterations to the landscape change the way it responds to precipitation 
events. Management of land use, rainfall, storm runoff, and surface water (streams and lakes) are interrelated, 
and the management practices chosen all influence water quality and stream health.  

Watersheds are interconnected networks in which a change at any location can carry throughout the system. 
There are many factors that influence exactly how stormwater runoff from a particular site will affect other 
areas of the watershed. The degree and type of impact varies from location to location, but it can be significant 
relative to other sources of pollution. Stormwater runoff affects water quality, water quantity, habitat and 
biological resources, public health, and the aesthetic appearance of the receiving water. Stormwater controls, 
in contrast, are typically conceived and implemented on a project-by-project basis. These projects are analyzed 
for their individual stormwater impacts, not in the context of their impact on an interconnected hydrologic 
and hydraulic system. It is well documented, however, that the cumulative effects of individual land surface 
changes dramatically influence flooding conditions and contribute to water quality degradation (NRC 2009).  

What is a watershed? A watershed is any area of land in which all water runoff 

from its surface flows to the same drainage point. Watersheds are sometimes referred 
to as drainage areas. Watersheds are important because they are the basic unit of 
analysis for all surface water management. They come in all shapes and sizes, and are 
defined based on the intended study area. 
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to the south of town (Vermont DEC, 2009). As with the Passumpsic River, the lower Sleepers River in St. 
Johnsbury is considered to be impaired by E. coli bacteria for 1.5 miles upstream from its mouth, due to the 
wastewater collection system passing combined sewer overflows (Vermont DEC, 2014). The Sleepers River is 
also considered stressed from its mouth to 1.3 miles upstream, for aesthetics, contact recreation, and secondary 
contact recreation due to historic oil spills and other environmental contamination associated with the 
Fairbanks Morse Foundry site (Vermont DEC, 2014a). 
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 In drainage area #65 there was also a second option proposed of creating a bioretention area in the 
median in order to treat runoff prior to entering the waterway. 

 In drainage area #44 there was also the potential to convert parking lot islands into rain gardens to 
treat runoff prior to entering the waterway. 

 Catch basin cleaning was proposed in drainage areas #7, #63, #2, #60, and #90. 

 A treatment tank was proposed to serve drainage areas #45 and #46 simultaneously. 

A stormwater infrastructure mapping project by the ANR Ecosystems Restoration program for the Village of 
East St. Johnsbury identified one high-priority location for a stormwater retrofit among priority drainage areas 
(Vermont DEC, 2015). Catch basin cleaning was proposed to treat runoff from drainage areas #18, #19, and 
#20 in order to treat runoff before it entered the receiving waterway. 
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4. Combined Sewer Overflow Reduction 
Practices and Status 

Combined sewer overflows are regulated by the EPA under the Federal Clean Water Act. In Vermont, this is 
delegated by EPA to the Vermont ANR, Department of Environmental Conservation, Watershed 
Management Division. NPDES is the national program for issuing permits and conducting enforcement. The 
Town of St Johnsbury has a NPDES Discharge Permit with compliance schedules described in 1272 Orders. 

The nine minimum controls from EPA’s CSO Control Policy, per Vermont’s newly adopted 2016 CSO Rule 
are:  

 Proper operation and regular maintenance programs for the collection systems and CSO outfalls  

 Maximum use of the collection system for storage without endangering public health or property, or 
causing solids deposition problems 

 Review and modification of pretreatment requirements to assure that CSO impacts are minimized 

 Maximization of flow to the treatment plant for treatment consistent with an evaluation of alternative 
treatment options  

 Prohibition of CSOs during dry weather 

 Control of solid and floatable materials in CSOs  

 Establishment of pollution prevention programs to minimize contaminants in CSOs  

 Public notification to ensure that the public receives adequate notification of CSOs and CSO 
impacts, which shall, at a minimum comply with § 34-404 of this Rule  

 Monitoring to effectively characterize CSO impacts and the efficacy of CSO controls 

The new CSO rule (in effect September 15, 2016) provides Vermont CSO communities with two choices to 
achieve compliance with the Vermont Water Quality Standards from this point forward: eliminate overflows, 
or provide pre-discharge treatment (solids removal and disinfection). In addition, the new CSO rule requires 
reporting to the state within one hour of discovery and submitting a discharge volume estimate within 12 
hours. 

Since the first preliminary engineering report (PER) was submitted to the state in 1993, and as a result of a 
phased separation approach, St. Johnsbury has: 

 Completed more than 20 combined sewer separation projects. 

 Verified the locations of all CSOs and plugged several CSO outfalls that have been determined to be 
unnecessary.  
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 Completed surveys of many sections of the combined sewer system to identify catch basins that are 
still connected to the sanitary sewer. 

 Substantially reduced the frequency of overflows.  

 Since 2008, the Town of St. Johnsbury has undertaken approximately $32,000,000 in utility 
improvement projects, including new separate sanitary sewers and storm drains, water system 
improvements, and road and sidewalk improvements. 

The Town’s next steps in addressing combined sewer overflows include:  

 Complete an effectiveness study at eight CSO manholes for a period of at least 6 months where 
abatement projects have been recently completed in the drainage area to determine the effectiveness 
of the work.  

 Complete smoke testing to identify any catch basins that are still connected to the sanitary sewer 
system in areas where separation work has been completed. 

 Complete final design and implement sewer separation for the Oak Street drainage area combined 
sewer. 

 Complete final design and implement sewer separation for the Green Street and Boynton Avenue 
combined sewer system. 
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Table 1. Scoring Criteria for Preliminary Evaluation of Stormwater Problem Areas. 

Level Classification 

1 Outside of project scope, or infeasible to remedy due to project size.  

2 Stable, but problem could escalate with future change in surrounding land use. 

3 Limited erosion and/or drainage problems are present; issues may be readily addressed. 

4 Moderate erosion and/or drainage problems are present; issues may be readily addressed. 

5 Significant erosion and/or drainage problems are present; issues may be readily addressed 

6 Strategic retrofit opportunity 
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Table 2. Stormwater Opportunity Prioritization and Implementation Matrix 

Site ID Site Name  Need Proposed Approach 
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PR-01 
Pearl St. 
municipal 
parking lots 

Retrofit opportunity Reconfigure lots to increase width of existing “islands” and 
install recessed bioretention practices 

NR (Urban) 
Adams / 

Nicholville 
2 2 3 2 1 10 C M Y – sands H √ √ √ 

PR-02 
Bay St. sand 
pile 

Large stockpile located in close proximity 
to the WWTP is actively eroding into a 
drainage swale; the is evidence of 
significant sediment transport to the 
Passumpsic River 

The stockpile apparently belongs to a private contractor and is 
material that was removed during a now-complete street 
renovation project; the contractor should be required to 
immediately and properly stabilize and ultimately relocate the 
pile. 

NR (Urban) 
Adams / 

Nicholville 
3 5 3 3 0 14 D L N L    

PR-03 659 Bay St. 

Heavy sediment load was observed in the 
swale immediately to the north of 659 Bay 
St, Swale appears to receive stormwater 
runoff from the St Johnsbury Academy 
campus, as well as Main St., Railroad St., 
and a small section of Bay St. 

Reshape and retrofit swale to function as bioswale and provide 
treatment in addition to conveyance. 

NR (Urban) 
Adams / 

Nicholville 
3 4 2 2 0 11 A MH N – shallow GW H    

PR-04 

Farmer Dr., 
north of 
Waterman 
Circle 

Undersized culvert ~30 feet below grade; 
embankments of road crossing are 
unstable and show evidence of slumping. 

Remove paved swale along the south side of Waterman Circle 
and install check dams to promote infiltration; it will be 
challenging to effectively stabilize the embankment without 
addressing the undersized culvert. 

B, C/D 5 3 1 2 0 11 C 
L  

(swale 
only) 

N – shallow GW M    

PR-05 
1569 Breezy 
Hill Rd. 

Stormwater runoff from roadway is 
creating unstable embankment. 

Install step-pool conveyance to safely carry water down the 
slope and provide modest treatment. 

B/D, NR 
(Sand and 
Gravel Pit)) 

3 3 2 2 0 10 C M N H    

PR-06 Lackey Hill Rd. 

Unstable ditches, turnouts and cross-
culverts are resulting in significant erosion 
and visibly more turbid water in Roberts 
brook between Spaulding Rd. and Breezy 
Hill Rd. 

Bring overly-wide section of road back to standard width; use 
this space to establish rock-lined ditches with appropriate side 
slopes; remove berm and turnouts along south road shoulder 
instead promoting sheetflow; install energy dissipation measures 
at cross culvert outlets. 

D 4 5 3 2 0 14 C M N M √   

PR-07 
Green 
Mountain Mall 
(VT DEC #65) 

Retrofit opportunity Site includes more than 10 acres of unmanaged impervious 
surface. Existing islands within the parking lot could be retrofit 
as bioretention areas. Opportunities exist for treatment in the 
green spaces to the west and north of the parking lot. There 
may also be opportunities to reconfigure/de-pave certain areas 
without interfering with existing uses, including CDL training. 

NR (Urban) 
Adams / 

Nicholville, 
B 

2 2 1 2 0 7 A MH 

Y - partial – fill N of 
parking, possible GW 

limitation in swale along 
Rte. 5, needs TPs if 
advanced to design 

H    

PR-08 

857 Memorial 
Dr. (Price 
Chopper) (VT 
DEC #45) 

Significant scour pool has formed where 
two drainage systems outlet at the 
southeast corner of the parking lot; 
retrofit opportunity 

Install stormwater detention practice near the outfall; siting may 
be challenging as area is within mapped river corridor. Existing 
green spaces within parking lot are recessed and could be easily 
retrofit to provide detention and treatment.  

NR (Urban) 
Adams / 

Nicholville 
3 3 2 2 0 10 D M 

Y (partial) – did not 
confirm soils 

M    

PR-09 
644 Memorial 
Dr. (FedEx) (VT 
DEC #57) 

Retrofit opportunity Retrofit existing green spaces in the parking lot by recessing 
them and re-grading the lot to drain to these areas; swale along 
the north-side of the parking lot could be retrofit as a bioswale 
to provide enhanced stormwater treatment 

NR (Urban) 
Adams / 

Nicholville 
2 2 1 2 0 7 C M 

Y - possible GW limitation, 
needs TPs if advance to 

design 
M    

PR-10 Sherman Dr. 

There are a number of small stormwater 
practices which appear to be designed to 
treat runoff from buildings and parking 
facilities along Sherman Dr., several of 
which appear unmaintained and 
potentially undersized, and are 
discharging onto a steep slope without 
energy dissipation 

Conduct a comprehensive review of stormwater management 
on Hospital Hill in order to understand which areas are covered 
by the existing stormwater permit and develop a comprehensive 
strategy for improving stormwater management  

A 3 3 2 2 0 10 A M N H    



 

Caledonia County NRCD / Stormwater Master Plan, Town of St. Johnsbury, VT / November 2016 
 

20 

Site ID Site Name  Need Proposed Approach 
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PR-11 
Hospital Rd. at 
Route 5 (VT 
DEC #44) 

Existing swale along the south-side of 
Hospital Rd (and adjacent to the Price 
Chopper shows evidence of high flows 
and sediment transport 

Retrofit existing swale to enhance detention storage and 
treatment; would likely require VTrans cooperation as footprint 
would extend into Route 5 right-of-way 

A 2 4 2 2 0 10 D MH N H    

PR-12 
Oak St. 
drainage area 

Retrofit/CSO control opportunity Area is characterized by relatively short, narrow, low-volume 
residential streets, underlain by HSG A soils. The City is planning 
to implement sewer separation in this neighborhood in late-
2016; a comprehensive GSI retrofit plan could be developed for 
the neighborhood to see if such an approach would be cost-
competitive. 

A 3 3 2 2 1 11 C H 

Y - Best soils on Southard 
St. and north portion of 
Union St.; then Emerson; 
then St. John. Pleasant St. 
location least well suited. 

H √ √ √ 

PR-13 
Fred Mold Park 
(Concord Ave. 
at Gilman Ave.) 

Retrofit opportunity Restructure enlarged intersection to standard design, likely as 
part of future reconstruction of Gilman Ave. Provide treatment 
in expanded green space that will be created as a result. 

B 3 2 3 2 0 10 C M 

Y - Pavement remains 
under soil outside 

landscaping on W end of 
park; 30” fill inside 

landscaping, but sand 
beneath.  

M √  √ 

SR-01 

West of High 
Street at Route 
2 (VT DEC 
#11) 

Retrofit opportunity Swirl concentrator planned for this location; not considered 
further. 

NR (Urban) 
Adams / 

Nicholville 
N/A N/A N/A N/A N/A N/A N/A N/A N N/A    

SR-02 
The St. 
Johnsbury 
School 

Retrofit opportunity Take advantage of existing green around perimeter of upper 
parking lot and flag circle at School to provide treatment for 
runoff from the parking lot. 

NR (Urban) 
Adams / 

Nicholville 
2 2 2 2 0 8 C M 

N - Flag circle underlain by 
recent fill. Infiltration 

capacity should not be 
assumed. 

M    

SR-03 
Kiwanis Pool 
and Tennis 
Courts 

Runoff from the parking lot is causing 
gully erosion along steep embankment to 
the south of the parking lot. 

Install level spreader along edge of parking lot to promote sheet 
flow over the embankment or construct reinforced conveyance 
to safely move stormwater from the parking lot to the green 
space below. 

NR (Urban) 
Adams / 

Nicholville 
3 3 1 2 0 9 A M N H √ √  

SR-04 Valley St. 

Unmanaged runoff from Kiwanis Pool (SR-
03) and a small cluster of homes along 
Valley St. has formed a gully to the 
Sleepers. 

Small stormwater detention basin to slow stormwater runoff, 
settle sediment, and provide controlled release to the Sleepers. 

NR (Urban) 
Adams / 

Nicholville 
3 3 2 2 0 10 D M N M    

SR-05 Underclyffe Rd. 

Significant gully off the west-side of the 
loop and just south #191; appears to be 
attributed to outlet from roadway storm 
drain system. The park and ride facility 
between the toe of slope and Route 2 is 
currently serving to pond water and 
promote sedimentation. 

Promote downspout disconnection to reduce “effective 
impervious area” in the sewershed. Work with VTrans, which is 
in the initial stages of an expansion of the park and ride facility, 
to ensure that the sedimentation function is not loss as their 
project progresses.  

A 4 4 1 1 0 10 A H N H √   

SR-06 
St. Johnsbury 
Academy 

Retrofit opportunities There are numerous retrofit opportunities available on the 
campus; perhaps the greatest concentration of which surrounds 
the Field House.  These include managing roof runoff from the 
athletic building complex, was well as retrofitting existing green 
spaces in the parking lot by recessing them and installing 
bioretention practices 

A 3 2 2 2 0 10 A M 

Y – Sandy soils 
encountered in the 3 

locations tested, south and 
west of fieldhouse. 

M √ √ √ 
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Project Type “key”:      Estimated Implementation Cost “key”:  Need for Additional Engineering “key”: 

A Private property      L less than $20,000   L Project can be implemented without formal engineering 

B State property or right-of-way    M $20-$50,000   M Project requires some amount of engineering design to ensure proper sizing 

C Public property (town-owned land or right-of-way)  MH $50-$100,000   H Project requires full engineering 

D Hybrid; part public land, part private land   H more than $100,000 

 

Site ID Site Name  Need Proposed Approach 
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MR-01 Overlook Dr. 

Driveways along Overlook Dr generally 
intersect the road surface at a steep angle 
and little or no apron resulting in 
significant gravel being carried into the 
road and ultimately the storm sewer 
system. 

Establish or re-grade driveway aprons; generally the difference 
between the cross slope of the roadway and the upward grade 
of the driveway entrance should not exceed 8% 

C/D, B 3 3 1 2 0 9 A L N M    

MR-02 
Concord Ave. 
(VT DEC #104) 

Retrofit opportunity Potential to intercept and treat a portion of the sewershed 
bounded by Concord St and Parker Ave to the east, Lafayette St 
to the north with a swirl separator or sand filter. Existing outfall 
is significantly (~20 feet) below grade which could complicate 
retrofit.  

NR (Urban) 
Adams / 

Nicholville 
3 3 1 1 0 8 A MH N H    

MR-03 
Ballfield and 
Parking Lot; 
Almshouse Rd. 

Almshouse Rd. runs through a large gravel 
parking lot that drains overbank to the 
Moose River; some evidence of rill and 
gully erosion on bank in areas where 
concentrated flow leaves the parking lot; 
during heavier rain events sediment flows 
down to Concord Ave. into the Moose 
River. 

Implementing measures to control runoff from Town Forest Dr. 
which currently runs onto Almshouse Rd; establishing an 
intentional parking strategy for the lot could allow for a similar 
amount of parking spots coupled with regarding the lot to have 
runoff shed via sheetflow into an expanded top-of-slope buffer 
between the gravel lot and the riverbank to provide filtering and 
stability. 

NR (Urban) 
Adams / 

Nicholville 
4 5 3 2 0 14 C M N M √   

MR-04 Town Garage 

Sand pile at the Town Garage is 
experiencing “creep” and has slumped 
over the jersey barriers intended to 
prevent material from eroding into a 
nearby drainage swale; both stormwater 
outlets from the facility show evidence of 
significant sediment transport and active 
erosion. 

Repurpose existing open space south of the haul road, as a 
sediment control basin to provide settling for sand entrained in 
stormwater runoff from the facility; construct step-pool or 
similar conveyance to safely carry treated flows to the river.  

NR (Urban) 
Adams / 

Nicholville 
4 5 3 2 0 14 C M N M √ √  

MR-05 

Town Forest 
access road 
and parking 
area 

Visible erosion along the shoulder of the 
access road; currently at least a portion of 
runoff from the road and parking area 
contributes to the problems observed at 
the Town Garage. 

Reshape and rock-line the swales along the access road; 
consider installing cross-culvert that would prevent runoff from 
this area from comingling with the Town Garage. C/D 4 3 3 2 0 12 C L N L    

MR-06 Gilman Ave 
Retrofit opportunity  Bring overly-wide section of road back to standard width, 

establishing a pitched green space between the road and 
ditches, as needed, on both sides of the road. 

B 2 2 3 2 0 9 C L N L    







Green Stormwater Management Opportunities

The following section provides concepts to incorporate green infrastructure systems into specific locations in St. Johnsbury to 
convey and reduce the volume of stormwater runoff and to improve water quality.  These sites have been iden-tified through 
the master plan process as locations where ‘green’ stormwater practices are a good fit.  There are other opportunities in town 
as well. For each site there is a summary of the existing conditions, an explanation of applicable green stormwater 
management practice(s) that would be appropriate in this location, an example of the practice, using Vermont examples 
where possible, a conceptual plan, and a graphic with a ‘before’ and ‘after’ illustration of the site.  

The following provides visual glossary of various green stormwater management facilities:

Rain Gardens collect and absorb 
runoff from rooftops, sidewalks, 
and streets.  Rain gardens mimic 
natural hydrology by infiltrating 
and evapotranspiring runoff.  Rain 
gardens are versatile features that 
can be installed in almost any 
unpaved space. 

Gravel Wetlands are created 
wetlands that collect, store and 
infiltrate stormwater through 
treatment basins with subsurface 
gravel layers. Plantings associated 
with these projects are typically 
native grasses and woody plants 
and appear informal and natural.

Stormwater Curb Extensions are 
hardscape designs that combine 
elements of curbing inlets, rain 
gardens, porous pavers, and 
stormwater planters to remove 
runoff from the roadside and 
provide improved stormwater 
management.  Frequently they are 
combined with safer pedestrian 
walkways and crosswalks.

Pervious Paving are paved sur-
faces of concrete, asphalt or unit 
pavers with permeable pores or 
spaces that allow stormwater to 
infiltrate from the paved surface to 
a deep crushed stone subsurface 
bed where it is treated and stored.  
These pavements are particularly 
appropriate where there is limited 
landscape space, where land values 
are high and where flooding or 
icing is a problem.  

Trees reduce and slow stormwater 
by intercepting precipitation in their 
leaves and branches and they absorb 
water through the root system.  
Subsurface structures such as tree 
root cells provide for lightly 
compacted soil that stores 
stormwater and greatly improves 
street tree health.  Coupled with 
porous pavers, these structures also 
allow for stormwater infiltration 
and treatment.

Vegetated Swales  are depressed 
graded linear landscape features 
that can be designed to detain, treat 
and infiltrate stormwater through 
both grading and absor-bent soils. 
Landscaping can be naturalistic or 
manicured depending on the 
location.

Source:  USEPA, “What is Green Infrastructure,” http://water.epa.gov/infrastructure/greeninfrastructure/gi_what.cfm 
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Stone base provides
 additional 
stormwater storage

Water flows 
through curb 
opening into 
planter

Pearl Street Municipal Lot - 
Vegetated Swales and Rain 
Gardens

Overview

This is a large municipal parking lot that has excess paved 
area which can be redesigned to incorporate vegetated 
stormwater swales. This can be done without losing 
any parking spaces--in fact, due to inefficiencies in the 
existing layout, it appears that there is room to increase the 
number of spaces using standard 18’ parking stalls and 24’ 
drive aisles.   Vegetated stormwater swales can be placed 
between parking stalls and at the perimeter of the parking lot 
to collect and infiltrate stormwater.

Vegetated swales capture, infiltrate and convey stormwater, 
thereby decreasing volume and improving water quality.

Benefits - Rain Gardens and Vegetated 
Swales

• Requires less infrastructure to build
• Provides an attractive landscape aesthetic to the area 

Constraints - Rain Gardens and 
Vegetated Swales

• Working around utilities in retrofit situation 

Maintenance Considerations - Rain Gardens 
and Vegetated Swales

• Periodic landscape maintenance and debris removal 

Vegetated Planters

Example

• Vegetated stormwater planter in White River Junction 
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Existing Condition

The existing municipal parking lot at Pearl Street.

Conceptual Green Infrastructure Retrofit - Rain Gardens and Vegetated Swales in Planters 

The plan on the previous page shows how the parking lot could be retrofitted to incorporate green infrastructure and the 
illustrations above show before and after views of the parking lot. 
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Concord Avenue  - Rain Garden and Vegetated Swale Landscape 
Buffer

Overview

The intersection of Concord Avenue, Old Concord Avenue and Gilman Avenue is an overly wide expanse of paving--mea-
suring more than 90-feet immediately west of the residential green.  The green spaces in the area can be expanded to reduce 
the amount of impervious surface area and incorporate rain gardens and vegetated swales which capture, convey and infiltrate 
stormwater.  The improvements can also make the area more pedestrian-friendly, by calming traffic, providing a shorter 
crosswalk with a refuge island, and placing a landscaped buffer (stormwater swale) between the sidewalk and roadway for a 
portion of the street.

Conceptual improvements for this area include the following:

• Neighborhood green enlarged with a rain garden.
• Pedestrian crossing incorporated into vegetated island, creating a refuge for pedestrians.
• Vegetated swale lanscape buffer along the pocket park on the south side of the road. 

Benefits - Rain Gardens and Vegetated Swale Landscape Buffer

• Requires less infrastructure to build
• Provides an attractive landscape aesthetic to the area 

Constraints - Rain Gardens and Vegetated Swale Landscape Buffer

• Working around utilities in retrofit situation 

Maintenance Considerations - Rain Gardens and Vegetated Swale Landscape Buffer

• Periodic landscape maintenance and debris removal 

Island at crosswalk

Green enlargement 
with raingarden and 
new tree

Vegetated swale landscape buffer
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Existing Condition

The excessive paving at Concord Avenue, Old Concord Avenue and Gilman Avenue.   The pedestrian crossing is 50’ wide 
and the street is 90’ wide just west of the residential square.

Conceptual Green Infrastructure Retrofit - Rain Garden and Vegetated Swale

Conceptual reconfiguration of the intersection with a rain garden extension of the residential square and a stormwater swale 
along the south side of Concord Avenue.

50’ Pedestrian Crossing

90’ Street Width

Island enlargement with 
raingarden and new tree

Island at crosswalk 

Vegetated swale landscape buffer
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Oak Street Neighborhood - Vegetated Swales and Pervious Paving

Overview

The Oak Street neighborhood is characterized by short, narrow low-volume streets and is slated for a sewer separation retro-
fit.  A green infrastructure approach in this neighborhood which utilizes vegetated swales supplemented with porous block 
pavers could capture and infiltrate stormwater within the street rights-of-way.  The plan on the right provides one concept for 
how these elements may be employed in the neighborhood.  The swales, which are a minimum of four feet in width, could 
provide an attractive landscape feature on at least two low-traffic-volume streets in the neighborhood, and the pervious paving 
could further calm traffic in this residential neighborhood.  

Benefits - Pervious Paving

• Good for low volume streets
• Works better on street slopes less than 5%
• Works in areas with limited space for landscape measures 

Constraints - Pervious Paving

• Higher cost than stormwater swales 

Maintenance Considerations - Pervious Paving

• Periodic vacuuming of pores 

Examples

• Stormwater swale in Oregon (lower left)
• Pervious pavers used for pedestrian crossing in California (right)
• Pervious pavers in a Burlington, Vermont parking area (lower right) 
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Conceptual Green Street Neighborhood Plan

The plan above provides one concept for a green infrastructure street plan using a combination of vegetated swales and 
pervious paving. This plan does not disrupt existing sidewalks.  Pervious paving blocks may be used at intersections to absorb 
additional stormwater and calm traffic.  

Vegetated swales

Pervious pavers
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Existing Condition - St. John Street

Above, existing conditions on St. John Street near the intersection with Pleasant Street.

Conceptual Retrofits - St. John Street - Stormwater Swales and Pervious Pavers

St. John Street with stormwater swales on both sides of the road street and pervious pavers at the intersection.  Street trees 
are planted adjacent to the cemetery and also help to reduce and slow stormwater by intercepting rain on their leaves and 
branches.

Water infiltrates 
through 
landscaped swale 
and into soil

Stormwater from 
roadway flows 
into swale

Pervious pavers at the 
intersection for 
additional stormwater 
absorption
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St. Johnsbury Academy  - Rain Garden and Vegetated Swale

Overview

The area around the field house at St. Johnsbury Academy includes an opportunity to consider stormwater management 
techniques that manage runoff from the large roof of the structure as well as the surrounding parking areas. 

Conceptual improvements for this area include the following:

• Retrofitting existing green areas in the parking area with vegetated swales and rain gardens
• Installation of pervious pavers for walkways surrounding the building
• Drainage Dry Wells  

Benefits - Drainage Dry Well

• The drainage well provides a large volume storage facility within a relatively small footprint. 

Constraints - Drainage Dry Well

• More costly 

Maintenance Considerations - Drainage Dry Well

• Periodic removal of collected sediments 

Raingarden with 
Drainage Dry Well

Raingarden

Raingarden 
with Drainage 
Dry Well 
(optional)

Vegetated 
Swale

Pervious 
Paving
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Existing Condition

The parking area behind the field house includes a landscaped area between parking bays.

Vegetated 
Swale

Pervious 
Paving

Raingarden 
with Drainage 
Dry Well

Conceptual Green Infrastructure Retrofits - Vegetated Swales, Pervious Paving and Drainage 
Dry Well

Possible retrofits for this area include a vegetated swale in the landscaped planter, the use of pervious paving and a drainage 
dry well.  A subsurface dry well collects stormwater and then discharges the water through perforations in the well to 
surrounding stone storage media and soils.  The dry well allows sediments to settle out before discharge.  Stormwater may  
enter the dry well directly from inlet structures or via pretreatment systems as shown above.
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