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I. THE NEED FOR WATER QUALITY PLANNING IN HIGHWAY AND ROADWAY 
OPERATIONS 
 
In Westchester County, there are both structural and nonstructural stormwater systems.  Nonstructural 
systems (such as land use planning, conservation easements and local regulations) attempt to deal with 
stormwater problems before they are created, while structural systems (such as stormwater sewer 
systems, detention and retention basins, swales and drainage depressions) address stormwater after it is 
generated.  This report primarily addresses structural stormwater systems and the associated 
maintenance activities of local highway departments.  Highway and road maintenance practices and 
their potential impact to water quality are widely known and accepted by both environmental and 
transportation professionals alike. Highway and roadway practices or housekeeping practices refer to 
activities such as roadway maintenance, snow and ice removal, street sweeping, leaf collection, and 
storm sewer cleaning, just to name a few.  There has been substantial research documenting the 
relationship between the increase in impervious cover, runoff characteristics and degraded water 
quality. Specifically, water quality impacts result from everyday highway practices such as road salt or 
sand application, leaf collection or storm sewer cleaning.  When or how a practice is done can increase 
or reduce pollutant loading to a nearby watercourse.  One of the most challenging tasks that highway 
officials, town supervisors and planners face is constructing and maintaining highway and road 
systems with successful stormwater best management practices (BMPs).  All too often highway 
practices, which are normally done for public safety reasons, are implemented without proper planning 
or foresight regarding water quality protection.  Without proper planning, rivers and streams clog with 
sand, sediment and debris, resulting from heavy traffic, snow and ice removal, construction and other 
highway and road related management activities. In summary, the impacts of poor highway and road 
management programs have the potential to threaten drinking water supplies because sediments and 
other pollutants travel to the water body.   
 
For the past three years, the Westchester County Department of Planning has been working 
cooperatively with the ten Croton Watershed municipalities (Bedford, Cortlandt, Lewisboro, New 
Castle, North Castle, North Salem, Pound Ridge, Somers, Yorktown and Mt. Kisco) to develop the 
comprehensive Croton Watershed Water Quality Protection Plan (the Croton Plan).  As part of this 
process the ten municipalities reviewed all housekeeping practices, characterized water quality impacts 
and developed water quality recommendations for improving practices. Through the review of these 
operations, highway and road management practices became top priorities for identifying water quality 
improvement opportunities.  Following this review, the Westchester County Planning Department 
surveyed highway superintendents in each of the Croton Watershed municipalities.  
 
Throughout the Croton watershed, highway and road maintenance practices vary by municipality and 
are more often based on a “working knowledge” of roadway needs rather than regulated requirements 
for roadway or drainage system cleaning and water quality protection.  The loadings that result from 
highway and road maintenance activities vary yearly, based on climatic conditions and highway 
personnel.  It is difficult to measure the actual highway and roadway practices because much of the 
criteria used to compare good techniques to poor are hypothetical and not defined by exact criteria.  
Consequently, the findings of this study are based on information gathered from written responses and 
conversations with highway superintendents or other municipal officials. 
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Scope of Highway Practices Report 
 
As outlined in the Work Plan for the Development of the Comprehensive Croton System Water Quality 
Protection Plan (December 1998), this report was developed cooperatively by the ten Croton 
Watershed municipalities and the Westchester County Department of Planning.  The purpose of the 
Highway, Road and Housekeeping Study is to: 
 

• Identify municipal housekeeping practices, including salt storage, deicing procedures, road 
salting and sanding, landscape maintenance and catchbasin maintenance; and 

 
• Assess and analyze existing municipal housekeeping practices in each municipality, compare 

practices throughout the watershed and make recommendations to improve existing practices or 
develop new provisions to encourage watershed-wide consistency regarding stormwater 
management and water quality improvement and protection. 

 
Information contained in this report was collected through interviews with Town Highway 
Superintendents, the Westchester County Superintendent of Road Maintenance, the New York State 
Department of Transportation (NYS DOT) Resident Engineer and the review of numerous USEPA, 
New York State Department of Environmental Conservation (NYSDEC), Federal Highway 
Administration (FHA) and NYS DOT publications as well as other sources listed in the bibliography. 
In summary, the following Highway Departments interviewed for this report include those noted on 
the map and listed below (Interview responses are also summarized in Appendix A): 
 

• Bedford 
• Cortlandt 
• Lewisboro 
• Mt. Kisco 
 

• New Castle 
• North Castle 
• North Salem 
• Pound Ridge 
 

• Somers 
• Yorktown  
• Westchester County 
• New York State 

This report summarizes current highway and road management practices, water quality impacts and 
makes recommendations to improve the overall watershed health without compromising highway and 
road safety. The report discusses the structural and nonstructural components of highway drainage 
systems. This report recommends improved practices and technologies that are being employed in 
other sensitive watersheds that tailor highway and road practices to meet water quality goals.  Some of 
the new techniques or best management practices have merit and should be tested in the Croton 
Watershed.  This report does not rate or score any municipality’s highway management practices or 
techniques.  Rather, this report is to be used as a tool for identifying how highways and roadways and 
their associated stormwater runoff are managed, how this relates to water quality impairment and 
ultimately to techniques that can improve stormwater management and receiving water quality.  This 
information provides a foundation for making recommendations to improve drainage systems in the 
Croton Watershed for water quality protection purposes.  
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Roadway-Related Water Quality Impacts  
 

Table 1.1 lists the most common water quality inhibiting road and highway pollutants and their 
sources.   
 
Table 1.1 Sources of Pollution found in Road and Highway Runoff 
 Pollutant Source 
Sedimentation Particulates Pavement wear, vehicles, atmospheric deposition, 

maintenance activities, erosion from adjacent land 
uses. 

Nutrients Nitrogen and 
Phosphorus 

Atmospheric deposition, fertilizer application 

Lead  Tire wear (lead oxide filler material), grease & bearing 
wear 

Zinc Tire wear (filler material), motor oil (stabilizing 
additives) & grease 

Iron Auto body rust, steel highway structures, such as 
bridges, guardrails, and moving engine parts 

Copper Metal plating, bearing and brushing wear, moving 
engine parts, brake lining wear, fungicides & 
insecticides 

Cadmium Tire wear (filler material) & insecticide application 
Chromium Metal plating, moving engine parts and brake lining 

wear 
Nickel Diesel fuel & gasoline (exhaust), lubricating oil, metal 

plating, bushing wear, break lining wear and asphalt 
paving 

Manganese Moving engine parts 
Cyanide Anti-caking compounds (ferric ferrocyanide, sodium 

ferrocyanide, yellow prussiate of soda) used to keep 
deicing salts granular 

Sodium, calcium and 
Chloride 

Deicing salts 

Heavy Metals 

Sulfates Roadway beds, fuel & deicing salts 
Hydrocarbons Petroleum Spills, leaks, antifreeze & hydraulic fluids.  Asphalt 

surface leachate 
Adapted from USEPA’s Erosion, Sediment and Runoff Control for Roads and Highways 
 
The pollutants noted in Table 1.1 are carried to water bodies in what is often referred to as the “first 
flush” in road and highway runoff.  The first flush is the runoff associated with the first ½ inch of rain 
of any given storm event and is considered the most polluted runoff.  According to the first flush rule, 
80% of the pollutants in stormwater runoff are transported to waterbodies in the first 20% of flow 
discharging to water bodies.  First-flush pollutants affect physical, biological and chemical water 
quality conditions over the long term in the following ways: 
 

• Physical Effects:  Sediments and other materials such as leaves and trash block culverts and 
drainage systems. As blockages occur, they increase flooding and exacerbate erosion.  
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Sediments are transported to streams and rivers where they restrict the stream flow.  They 
embed the channel bottom (substrates) causing more frequent and severe flooding and they fill 
drinking water reservoirs and the deteriorating aquatic habitat and diversity.  Increased 
sedimentation also raises streambed elevations, thus reducing the flow width of the natural 
stream channel and creating unstable, entrenched, and/or braided channels.  

 
• Biological Effects:  Sediments impair aquatic habitat by filling the substrate voids that both fish 

and invertebrates use for hiding places and feeding material. Sediments embed channel substrate 
with oxygen depleting pollutants, leading to reduced diversity and propagation of fish, 
invertebrates and other aquatic species.   

 
• Chemical Effects:  Pollutants such as oil, pesticides and fertilizers (nitrogen and phosphorus) 

bind to sediments such as sand and soil creating numerous water quality problems, which can 
lead to degradation and impairment. Increased levels of pollutants reduce dissolved oxygen 
available for aquatic life. Excess phosphorus causes algae blooms in waterbodies and leads to a 
process known as eutrophication.  This process reduces oxygen in the water and leads to fish 
kills.  It also leads to several water quality problems including unpleasant taste and odor, 
excessive color, internal release of chemicals from sediments, increased turbidity and high 
concentrations of disinfection by-products (e.g., trihalomethanes) in drinking water reservoirs 
following chlorine treatment.  

 
Regulatory Constraints to Road, Highway and Housekeeping Practices 
 
NYC Watershed Rules and Regulations that Regulate Highway Practices 
 
In 1997, the ten Croton Watershed municipalities, Westchester County, New York City, New York 
State and a host of other entities signed the historic Memorandum of Agreement to Protect New York 
City’s Drinking Water Supply (MOA).  The MOA contained Watershed Rules and Regulations to 
protect New York City’s drinking water supply.  Within these Rules and Regulations there are 
provisions which are directly relevant to road, highway and housekeeping practices.  These provisions 
include activities such as:  
 

• Winter highway materials use and storage 
• Snow disposal 
• Fertilizers and pesticides 
• Vehicle washing facilities 
• Solid waste disposal. 

 
The NYC DEP Watershed Rules and Regulations are important for highway officials to become 
familiar with in order to ensure that regulated activities are handled in accordance with the provisions.  
The regulated activities that would be of most concern to municipal highway officials are summarized 
in Appendix B:  New York City Rules and Regulations Affecting Road, Highway and Housekeeping 
Practices.  This summation is an excerpt from the Croton Watershed Municipal Ordinance Review.  In 
summary, local municipalities in cooperation with Westchester County will begin incorporating 
specific provisions into local regulations or addressing them in alternative ways.  For more specific 
recommendations regarding local incorporation, refer to the Croton Watershed Municipal Ordinance 
Review.   
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USEPA Phase 2 Stormwater Regulations  
 
The U.S. Environmental Protection Agency (EPA) promulgated Phase 2 stormwater regulations as 
required by the Clean Water Act.  The Phase 2 regulations require all municipalities in Westchester 
County to obtain coverage under a State Pollution Discharge Elimination System (SPDES) general 
stormwater permit through the development of a stormwater management plan by March, 2003. While 
the plan must be completed in March 2003 with measurable goals, budgets, and monitoring plans, the 
plan does not need to be fully implemented until March 2008.  At a minimum, the ten Croton 
Watershed municipalities will be required to develop a detailed stormwater management plan, which 
addresses the following six minimum control areas: 
 

1. Public outreach and education 
2. Public involvement and participation 
3. Illicit discharge detection and elimination 
4. Construction site storm water runoff control 
5. Post-construction storm water management 
6. Pollution prevention, or “good housekeeping” for municipal operations 
 

In addition to the minimum measures listed, plans must incorporate actions that account for any 
existing total maximum daily loads (TMDL) calculations or requirements.  The New York City 
Department of Environmental Protection (NYCDEP) and the New York State Department of 
Environmental Conservation (NYSDEC) have developed phosphorus TMDLs for the major Croton 
Watershed Drainage Basins, which must be considered when developing the detailed stormwater 
management plans. Additionally, the NYSDEC is advocating for a coordinated approach among 
Croton Watershed communities, which would provide a more-uniform stormwater management 
program.  
 
Unlike most SPDES permits, which set pollutant discharge loading limits, the Phase 2 general permit 
takes a “best management practice” (BMP) approach.  This alternative approach provides for 
flexibility in developing local stormwater management programs with locally defined controls, 
measurable goals, timelines and performance targets.  However, given the sensitive nature of the 
Croton Watershed, the NYSDEC may exert more requirements into the Croton Watershed Stormwater 
Management Plans. 
 
There are two reasons why Phase 2 stormwater regulations are of importance to Croton Watershed 
highway officials.  First, highways convey stormwater through the publicly-owned stormwater 
conveyance systems and highway drainage systems and are the recipient of most of the stormwater 
generated within a given municipality.  In effect, the highway stormwater conveyance system is the 
municipal separate storm sewer (MS4).  Although the ownership and management of the road changes 
based on location and jurisdiction, stormwater pollution concentrates as it flows into and out of a given 
municipality.  The fact remains that stormwater does not know political boundaries. Therefore, if 
highway officials remain the “stormwater managers” they will need to develop strong, cooperative 
partnerships across political boundaries to comply with the Phase 2 regulations and protect water 
quality in the Croton Watershed.  
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The second reason why Phase 2 regulations are of importance to Croton Watershed highway officials 
is the sixth minimum measure in the regulations: Pollution Prevention or “Good Housekeeping” of 
municipal operations.  The municipal operations section will affect all highway department facilities, 
including roads, garages, and storage facilities.  Highway managers will need to develop and 
implement plans and practices to reduce water quality impacts associated with their activities.  This 
document is written to assist local highway managers in the Croton Watershed with meeting this 
challenge. 
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II. THE ROADWAY/STORMWATER DRAINAGE SYSTEM:  AN OVERVIEW 
 
The design, construction and maintenance of structural stormwater management systems can lead to 
harmful water quality impacts associated with stormwater runoff.  The magnitude of the water quality 
impact begins with the design of the stormwater management system, the combination of structural 
and nonstructural mechanics, the type of system implemented and other factors, such as how the 
system is used and maintained.  This section provides an overview of the road surface factors that 
effect stormwater runoff, the roadway drainage system (or stormwater conveyance system) and the 
maintenance issues associated with the various components of the stormwater management system in 
the Croton Watershed.  Section III provides more specific information obtained from the highway 
superintendent interviews and how Croton Watershed roads, highways and drainage systems are 
maintained. 
   
The Roadway Drainage System 
 
In general, the roadway drainage system (also called the stormwater conveyance or conveyance 
system) consists of catchbasins, underground pipes (pipe network) and/or paved or unpaved drainage 
ditch swales along roads and within public rights-of-way that carry stormwater to a receiving 
waterbody.  .  A catch basin is a stormwater inlet equipped with a sedimentation chamber to capture 
and remove course-grain sediment and debris from the pipe network. Catchbasins are strategically 
located throughout the in-ground collection system (underground pipes), most often at street 
intersections.  Within each community and watershed, in-ground collection systems vary from a single 
line and outfall to a linked network of pipes with several catchbasins and outfalls.  Drainage ditch 
swales are often used in less urbanized areas and most often throughout the Croton Watershed where 
underground collection is not necessary.  Roadside ditch swales and in-ground collection systems are 
similar in that their primary purpose is to convey water to a discharge point somewhere downstream of 
the collection (and road surface).  In addition to the roadway drainage system, stormwater detention 
and retention basins may also be part of the stormwater management system.  These basins may or 
may not be directly located along or connected to roadways or highways.  Stormwater basins are 
constructed to lessen the negative impacts that development or land disturbance can have on flooding 
and water quality.  Stormwater basins temporarily hold runoff, slowing the flow of water and allowing 
sediment and other pollutants to settle.   
 
The design and maintenance of the stormwater conveyance system is crucial to the protection and 
improvement of both surface and ground waters. In theory, stormwater conveyance systems should be 
designed based on the entire watershed it drains and should be designed to convey the 25-year storm 
under maximum build-out conditions. However, most stormwater conveyance systems are designed, 
installed and maintained as part of the roadway system, therefore the stormwater conveyance system is 
most often designed to handle the flow generated from the road surface itself, not the flow from the 
entire watershed area.  
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Proper Maintenance and Design of Stormwater conveyance  
 
Proper design and maintenance of roadways, stormwater systems and associated best management 
practices are crucial for water quality protection. When stormwater conveyance systems are not 
properly maintained, accumulated sediments and debris fill the conveyance system until a major storm 
washes the material downstream or causes localized flooding associated with the blockage. One 
problem of particular concern in the Croton Watershed is that the transport of pollutants, such as salt, 
sand, oil, and leaves ends up directly in the drinking water supply. Properly designed and maintained 
stormwater conveyance systems, as well as fine-tuned management procedures, can reduce or 
eliminate much of the pollutants associated with stormwater runoff. 
 
Catchbasins for example are effective in removing coarse-grained sediment and debris from 
stormwater runoff, but only if they are routinely maintained and cleaned out after storm events. A 
catchbasin’s ability to improve and protect water quality diminishes rapidly when trapped sediments 
are not removed. When a sedimentation chamber is 40%-50% full, inflow often creates a flushing 
effect, allowing the sediment load and the attached pollutants to pass-through the basin into the 
collection system and receiving waters. In the absence of cleaning, catchbasins may actually make 
water quality conditions worse than if no catchbasin was in place.  According to NYS DEC’s Roadway 
and Right-of-way Maintenance Management Practices Catalogue the average concentration of 
pollutants entering catchbasins during storms is similar to that of untreated sewage. If properly 
designed and maintained, a catchbasin, based on some estimates, will retain up to 57% of coarse solids 
and 17% of equivalent biological oxygen demand (BOD).  
 
The Role of the Highway Professional 
 
The primary role of highway professionals is to manage and maintain roadways for the traveling public 
without compromising public safety.  In addition to managing the roadway for safe, uninterrupted 
travel, highway professionals must be aware of and take actions to reduce and/or eliminate the 
environmental impacts of highway practices.  In order to reduce or eliminate environmental impacts, 
highway professionals must implement proper planning and employ best management practices for 
water quality protection.  
 
Local highway departments are part of the front line defense against stormwater runoff.  This role was 
reflected in the priorities reported by Highway Superintendents through the highway superintendent 
interviews.  When asked to list the priorities of their departments, five superintendents included public 
safety, five included maintenance, and five included drainage and stormwater management. 
Yorktown’s Superintendent simplified his town’s priorities by summarizing their tasks as “keeping 
road tops black” meaning dealing with pavement and drainage in the summer and clearing snow and 
ice in the winter. Municipal officials, highway superintendents and planners need to use tools that are 
more effective at accomplishing public safety, transportation and water quality protection goals. 
 
Best Management Practices Reduce Environmental Impacts of Highway Runoff 
 
Best management practices (BMPs) are techniques (both structural and procedural) employed to 
reduce or eliminate the environmental impacts of polluted runoff from the stormwater conveyance 
system.  For example, a procedural BMP for catchbasins would be to institute a program to routinely 
inspect and clean them.  As mentioned previously, catchbasins without maintenance are not effective 
for water quality protection. In addition to BMPs for the stormwater conveyance system, there are 
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other BMPs or “retrofits” that highway officials can begin to integrate into the design and maintenance 
of the roadway drainage system to protect water quality.  Appendix C contains examples of several 
BMPs for stormwater management. The design of roadway drainage systems are shifting away from 
traditional channelization approaches to those that incorporate water quality enhancement techniques. 
Incorporation of BMPs for stormwater management, such as those listed in Appendix C, should be 
preferred over the use of uniform, trapezoidal drainage-ways found in traditional designs.  
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III. HIGHWAY, ROAD AND HOUSEKEEPING MANAGEMENT IN THE CROTON 
WATERSHED  
 
The ten municipalities within the Croton Watershed each have a municipal highway department.  
These highway departments are responsible for maintaining roads and highways within their respective 
jurisdictions. As previously noted, highway maintenance practices have water quality impacts.  
Whether the practice is salt and sand application, street sweeping, collection system cleaning, 
vegetation control, material handling, dredging stormwater basins, leaf collection and residual material 
disposal, the potential to impair water quality exists. This section of the Highway Road and 
Housekeeping Practices Report discusses various roadway maintenance practices and further examines 
various procedures within the Croton Watershed Communities in relation to water quality.  Section IV 
offers recommendations for the Croton Watershed communities and each individual town to use to 
improve their housekeeping practices and reduce associated water quality impacts. 
 
Among the ten municipal highway departments, highway management practices vary.  As such, it is 
important to understand the different structure of each department.  The primary organizational 
difference between each of the towns is whether the highway superintendent is hired or elected.  This 
will determine the “work priority” regarding the highway department’s responsibilities. Table 3.1 
provides a general overview of organizational structures and responsibilities of each local highway 
department.  
 
Table 3.1 Local Highway Department Organizational Structures 
 

Municipality Official Title 
Department Name 

Elected or Hired General Responsibilities 

Bedford Highway Superintendent, 
Highway Department 

Hired 

Cortlandt Commissioner, Department of 
Environmental Services, 
Highway Division 

Hired 

Lewisboro Highway Superintendent, 
Highway Department 

Elected 2 year 
term 

Mt Kisco Highway Superintendent, 
Department of Public Works  

Hired 

New Castle Commissioner, Department of 
Public Works 

Hired 

North Castle General Foreman, Highway 
Department 

Hired 

North Salem Highway Superintendent, 
Highway Department 

Elected 4 year 
term 

Pound Ridge Highway Superintendent, 
Highway Department 

Hired 

Somers Highway Superintendent, 
Highway Department 

Elected 2 year 
term 

Yorktown Highway Superintendent, 
Highway Department 

Elected 2 year 
term 

-Road Maintenance 
 
-Drainage Maintenance 
 
-Snow Removal 
 
-Stormwater conveyance 
 
-Stormwater System 

Maintenance 
 
-Yard Waste and Leaf 

Collection 
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Roads and Highways in the Croton Watershed 
 
Within the Croton Watershed, there are approximately 3000 lane miles (lm) under public 
management.1  Of the 3000 publicly owned and managed lane miles, 2080 lm are managed by local 
highway departments.  (Refer to figure 3.1)  The remaining 900 lm are managed by NYS DOT. 2  Of 
NYS DOT’s 900 lm, 300 lm are maintained by local highway departments under contract with DOT. 3 
 
Figure 3.1 Road and Highway Lane Miles in Westchester County’s Croton Watershed Area 
 

Paved vs. Unpaved Roads 
 
Of all the public roads and highways identified through the highway superintendent interviews, 98% of 
public roads (2,920 lm) are paved and the remaining 2% (60 lm) are unpaved. Unpaved roads are most 
prevalent in Bedford, Lewisboro and North Salem.  Of all the unpaved roads identified in the survey, 
half of them are in the Town of Bedford with the remaining split between the town’s of North Salem 
and Lewisboro. The Town of Cortlandt has 2.5 lm of unpaved public roads.  The Village of Mt. Kisco, 
the Town of Somers and the Town of Yorktown reported having no unpaved roads.  While the number 
of unpaved public roads is small, they are often desired by the community and attributed to adding 
value to a community’s “rural” character. In fact, Lewisboro’s comprehensive plan states “The higher 
maintenance costs associated with unpaved roads are considered an acceptable cost for maintaining the 
community character such roads evoke.”   
 
While unpaved roads offer a more rural characteristic to the community, they represent a severe risk to 
water quality from the accumulation of eroded sediments in catchbasins and road wash-outs. As such, 
unpaved roads represent significant maintenance problems for highway crews, especially in winter and 
spring.  In addition, they often require frequent regrading.   

                                                 
1 Lane miles are different from road miles in that each two-lane road equates to 2 lane miles, therefore, a one mile road with 
two lanes equates to 2 lane miles. 
2 The figures cited above do not include private paved or unpaved roads constructed and maintained by private entities. 
3 The total number of miles provided by respondents did not match the totals compared to NYS DOT’s Highway Mileage 
Report.  Respondents were off by about 5-10 miles per municipality. 

900

2080

61

NYS Owned & Maintained -
Paved
Local Owned &/or Maintained -
Paved
Unpaved Local Roads
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Staff and Equipment Resources 
 
Appendix D summarizes the staff and equipment resources of each local highway department in the 
Croton Watershed.  It is important to note that in all Croton Watershed communities, the number of 
staff is greater in winter months in order to handle snow and ice removal. The NYS DOT relies heavily 
on contractual arrangements with local highway departments to perform snow and ice removal and 
other maintenance functions.  The primary reason for NYSDOT’s dependence on local highway 
departments was cited through the highway superintendent interviews as NYS DOT’s inability to 
retain staff due to the prevailing state-wide wage rates. Local municipalities often pay considerably 
more per year for the same position than NYS DOT.  For example, NYS DOT pays $24,000 for a 
position that pays $36,000 in Ossining.  Another benefit to local contractual arrangements is the ability 
to share staff among other municipal tasks such as sanitation, public works and water. 
 
The equipment needs to carry out department priorities, projects and maintenance activities are 
handled differently among the communities. The Village of Mt. Kisco and the Town of North Salem 
outsource most departmental activities while the Town of Bedford prefers to do the work in-house with 
rented equipment.  The Town of Yorktown prefers to have both equipment and staff in-house for 
completing projects.  Contracting for services reduces municipal staff, maintenance, and equipment 
expenses and also reduces storage space needs at Highway Department facilities.  The disadvantages 
of outsourcing or contracting are that implementation of projects become one step removed from local 
control and equipment may not be available when needed, especially during inclement weather.  
 
Drainage Channels, Stormwater Basins and Pipe Networks 
 
In the more urbanized village and hamlet areas in the Croton Watershed there are networks of pipes 
that serve as in-ground stormwater conveyance systems.  In the less developed areas of the watershed, 
drainage channels and stormwater basins are prevalent.  Within Cortlandt, Pound Ridge and Yorktown, 
there are hundreds of drainage channels, while Mt Kisco has no drainage channels because all the road 
drainage is handled through an in-ground stormwater conveyance system. 
 
Regardless of whether a town is dealing with a pipe network or a drainage channel, there are 
challenges for highway departments to overcome.  The three most common challenges that highway 
departments are faced with deal with knowing the location of the entire system, dealing with the 
capacity of the system and maintaining the system. 
 
Mapping and records 
 
In the village and hamlet areas where there are in-ground stormwater conveyance systems, often times 
there are few or no records or maps regarding system connections, locations or routing.  This becomes 
very troublesome when trying to establish a routine maintenance (including repair) program.  Being 
unaware of the location of a system is even more troublesome in the less urbanized areas where 
drainage channels and stormwater basins are used and are often located on private property.  Often 
times, a community may have records or maps of a single development project which denotes the 
stormwater conveyance system for that project.  However, these maps and other associated information 
are not kept in a manner where the highway department is made aware of them.  In addition, there is 
very little evidence that every municipality has maps pertaining to the location of the town-wide 
stormwater conveyance system, including those components of the system located on private property. 
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Collection System Capacity 
 
Connections to stormwater drainage systems, either channels or pipe networks, are often added with 
little or no hydraulic or hydrologic analysis to determine whether the existing stormwater conveyance 
system has adequate capacity to handle additional flows.  As mentioned previously, many of the in-
ground collection systems are very old.  The initial design capacity of these systems was based on 
much smaller political jurisdictions.  As political boundaries for municipalities, villages and hamlet 
areas changed over time, consideration also needed to be given to the capacity of the stormwater 
conveyance system.  Today, the collection system capacity is only addressed on a case-by-case basis 
when a new development project is underway.  Additionally, developers and property owners prefer to 
connect to existing stormwater management systems because the creation of new stormwater outfalls 
requires regulatory approval from the Army Corp of Engineers (ACOE) and the New York State 
Department of Environmental Conservation (NYSDEC). One respondent pointed out that the 
Westchester County Department of Health issues septic permits and recommends that all stormwater 
drainage be connected to the municipal separate storm sewer system (MS4) with little or no 
information as to whether or not the MS4 can handle additional flow. 
 
Maintenance 
 
When sediments settle in the stormwater conveyance system, the water carrying capacity (or flow 
volume) of the collection system is reduced.  If the collection system is not maintained, sediments will 
accumulate and create localized flooding and a surge of sediments and associated pollutants will be 
delivered to receiving water bodies.  However, maintaining adequate flow through the stormwater 
conveyance system can be a cumbersome responsibility for highway departments. Consideration 
should be given to how problems are identified, how to obtain access to the problem area and creating 
a process within which to determine what needs to be done to ensure the system operates properly.    
 
The following issues were raised with regards to maintenance of stormwater conveyance systems: 
 

• Each town noted that annual maintenance is performed based on notification by outside 
complaints or observations. 

 
• Some highway superintendents noted that some drainage channels were illegally created.  

Often times these drainage channels are used as dumping grounds. North Salem cited an 
example of this in the Sugar Hill Development.  There is an illegal drainage channel and it 
is regularly filled with dumped waste.  The channel is difficult to clean out and is done so 
every 4-5 years by the highway department. 

 
• Access to the collection system for maintenance purposes has also been identified as a 

problem.  While most easements extend 10 feet on either side of the pipe or channel, few 
easements have been maintained properly.  For example, there can be abundant grass and 
tree overgrowth and many times adjacent property owners will often build decks, structures 
or put above-ground pools in the easement area.  As a result, many easements become 
inadequate to mobilize equipment and properly maintain.  

 
• Each municipality attempts to solve drainage problems separately on a case-by-case basis, 

but is severely limited by lack of funds and technical approach.  Long-term planning and 
comprehensive watershed analysis is not currently part of any municipal program.   
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Street Sweeping  
 
Street sweeping is a well-recognized, best management practice to reduce sedimentation on streets that 
can end up in nearby waterbodies. Street sweeping involves the use of mechanical broom sweepers, 
motorized vacuum sweepers, loaders or hand tools to clean roads and other impervious surfaces. Street 
sweeping is beneficial because it removes stormwater pollutants from streets and drainage systems 
(leaves, dust, sediment, etc.), removes unsightly debris and litter, and even improves the visual 
aesthetics of the community.  Additionally, street sweeping is a preventative maintenance tool that 
protects highway investments and improves community safety, water and air quality. According to the 
NYS DEC frequent cleaning of streets and pavement can result in a 20% reduction of total suspended 
solids, up to a 10% reduction in chemical oxygen demand, 5% to 35% reduction in lead and 50% 
reduction in fecal coliform loadings in water bodies. 
 
In the rural areas of the Croton Watershed, street sweeping is performed once or twice per year, 
usually in the spring.  However, it was reported that there is a higher frequency of street sweeping in 
the villages and hamlets.  Table 3.4 provides street sweeping schedules reported by each highway 
superintendent.  Street sweeping routes are usually developed based on personal knowledge, 
observation and complaints.  For most of the towns surveyed, street sweeping occurs after a 
performance failure of the collection system such as an overflow, back-up or washout, rather than 
being a result of a routine cleaning and preventative maintenance schedule.  
 
Table 3.4 Street Sweeping Schedules and Practices 
 
 Street Sweeping Other Comments 
Bedford Hamlets: Twice per month except winter;  

Rural areas (88 miles) 1-2/year usually spring, 
maybe fall if time allows 

Based on assistant foreman patrol and complaints; 
have 6 yr. plan; dirt: some need regrading 1/wk; use 
coreguard once per season for dust control. 

Cortlandt 3 machines; At least one is on the road every day 
in spring, summer, and fall. 

As needed 

Lewisboro Once a year As needed 
Mt. Kisco Hire private company: 2/wk on main streets  1/mo. 

on residential April – Nov. 
April to Nov as needed; repaving determined by 
engineer 

New Castle Once a year in spring. 
Have 4 sweepers; 3 double as basin cleaners 

Pave 5-6 miles per year; revolving 10-15 year basis. 

North 
Castle 

Twice per year: Feb-March; July-Sept. and leaves 
in fall 

Continuous 

North 
Salem 

Contract with 3D: 1/yr. after winter to clean sand  No response provided. 

Pound 
Ridge 

Sweep sand in spring and recycle;  May sweep 
intersections in winter  Leaves and gutter in fall, 
Oct. Nov. 

 No response provided. 

Somers  Seasonal: March-April By observation 
Yorktown When needed; 1/yr.   

Yorktown Heights: 1/wk 
Pave as planned yearly 

WC Bronx River Parkway and Grasslands only 1979 bought paver; worked well, but politicians and 
CIC (Construction Ind. Council) restricted use. 

NYS DOT No response provided. Attempt once per month on Taconic; not done on 
uncurbed roads; Shared with Putnam and Rockland; 
contracted out. 
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Catchbasin Cleaning  
 
As mentioned previously, catchbasins remove coarse-grained sediment and debris from stormwater 
runoff, before stormwater flows into the pipe network.  Effective removal is dependent upon routine 
maintenance and cleaning after storm events.  Design standards typically call for catchbasin cleaning 
when a sedimentation chamber is 40%-50% full.  Catchbasins that are allowed to fill beyond 50% of 
their capacity begin flushing sediments and the attached pollutants out of the basin and into the 
collection system. 
 
Catchbasins are cleaned using trucks with vacuum capabilities to remove settled material. Most 
communities have some type of equipment to perform this task (see Appendix D).   
 
There are thousands of catchbasins in all ten of the Croton Watershed municipalities.  Figure 3.2 
illustrates the number of basins in each municipality in the Croton Watershed, including those owned 
by NYS DOT.4 

 

Figure 3.2 Catchbasins in the Croton Watershed by Municipality 
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In most of the towns surveyed, the following are catchbasin maintenance issues and other program 
characteristics: 
 

• There is no mapping of basins or drain network and outfalls. 
• Leaves and other debris regularly blocks basin grates. 
• Problems are generally identified by observation or complaint; there is no comprehensive 

method or schedule for inspecting catchbasins. 
• Unpaved roads require enhanced drainage control (beyond the control provided by catchbasins) 

in order to reduce sedimentation. 
• Maintenance practices and schedules vary by town. 
• Vacuum trucks are rented seasonally to clean basins. 
• Performance of maintenance is directly impacted by fluctuations in budgetary appropriations and 

competing community services. 
 

                                                 
4 Numbers were provided by respondents and were not field verified. 
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Table 3.5 summarizes the survey responses regarding catchbasin maintenance schedules and problem 
areas for each municipality. 
 
Table 3.5 Catchbasin Maintenance and Problem Areas 
 
Municipality Maintenance Schedule Problem areas 
Bedford Inspect during rain. 

Clean all in 4 years; annual est. 500-750. 
Respond to complaints as they arise. 
May determine repair needs on older system. 

Bottoms of hills. 
After Hurricane Floyd, spent 145 days cleaning 
basins.  
Rents vactor machine for cleaning. 

Cortlandt Cleans  all basins every 1-2 years and as needed 
based on inspection or complaint. 
Cleaning based on priority of public safety and 
individual’s damage expense (flooded basement 
is more important than flooded lawn). 

Montrose: high GW table; 6-9 years ago CDBG 
funded study but didn’t fund next step (design).  
Problem affects 600 homes.  On Trolley road: 
Supervisor requires cleaning every 2 weeks to 
satisfy resident complaints. 

Lewisboro Plan to clean all once a year; priority is lakes 
areas. 

Dirt road areas and around lakes.  Otherwise, 
don’t know of problems until they back up.  No 
inspection program. 

Mt. Kisco Cleaning with vacuum truck each spring.   
Not cleaned in 2000 due to West Nile/STING 
Program.   
Not cleaned on private property, although they 
flow to public systems.  

None identified. 

New Castle Last 2 years no systematic cleaning.   
Cleaning is random and determined by 
complaints.   
Estimated that 30% have not been cleaned in 5 
years. 
Can’t clean after April 30 due to West 
Nile/STING Program. 

No sediment traps in basins; trouble spots 
scattered throughout town; no leaf pickup so 
leaves are blown to street and flow along gutter 
into basin, creating blockages.   
State/County basins are not cleaned; town will 
often clean State/County basins. 

North Castle Cleaned annually for last six years.  
Rents vactor truck, completes cleaning system in 
about seven weeks. 

Old ones are falling apart and require repairs.  

North Salem Annual contract for inspecting, cleaning and 
repairing basins and flow network as needed.   

Needs more catchbasins installed, especially on 
dirt roads and hills. 
Dirt roads require more maintenance   
Candlewood area has many willow trees which 
require cutting roots 2-3 times / year. 

Pound Ridge Clean in spring as needed, based on observation 
of sediment in basin.  45 days to clean entire 
system. 

None identified. 

Somers  Clean when needed based on inspection of 
problem areas. 

Around lake communities due to complaints. 

Yorktown Try to clean all annually.  
Installing new catchbasin nets ($1000 each) with 
fossil filter in each basin. Filter catches haz 
mats, lasts 3-5 months, $2.50 per bag; Testing 
system first near Highway department 

Crossroads and Yorktown Heights; both due to 
sediment from erosion.   

Westchester 
County 

Cleaning schedule based on complaints and 
availability of staff. If the pipe in basin is 
visible, the basin is not cleaned.   

Fall is most difficult because trapped leaves in 
basins.  

NYS DOT Responsible for all; no schedule; clean based on 
observation and complaint. 
Hired contractor without equipment; has not 
started working. 
ID problem areas during and after storms. 

Low lying areas are most problematic. 
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Stormwater Basins 
 
Stormwater basins are constructed to collect and store water prior to discharge to streams or a 
stormwater conveyance system.  Three types of stormwater basins, as described below, are found 
throughout the Croton Watershed. 
 

Dry Basins- Dry basins typically consist of an excavated area with an embankment dam, and an 
outlet, usually located at the bottom of the basin and sized to restrict the flow rate of water. Dry 
basins are almost always dry, except for short periods following larger storm events.  Dry 
basins are often used for flood and erosion control and not as effective as extended detention 
and retention basins for water quality purposes. 
 
Extended Detention Basins- Extended detention basins typically consists of an excavated area 
with an embankment dam, a principal spillway and an emergency spillway. Detention basins 
are generally dry depressions designed to collect and store stormwater runoff.  Following a 
storm, these basins will drain, allowing the settling of sediment, in about 24 hours or more and 
will be dry at all other times.  

 
Retention Basin-A retention basin is an excavated basin area designed to accept stormwater 
runoff from a watershed greater than 10 acres in size. Retention basins are generally 
permanently wet ponds designed to intercept, store and treat stormwater runoff and control 
peak discharges from storm events.  They are typically built with a dam and emergency 
spillway and maintain a permanent pool of water 3 to 8 feet deep. Retention ponds extend the 
residence time of stormwater runoff from 2 to 14 days, allowing pollutants to settle to the 
bottom of the basin.   
 

Pollutant removal efficiencies for stormwater held in detention and retention basins (as reported by 
NYS DEC) are described below. 
 
• According to NYS DEC NPS guidance, 60% to 70% of sediments filter out and phosphorus is 

reduced by 15% within the first six hours of detention. Detention basins that detain water for 
longer than 24 hours provide greater pollutant removal. These basins are designed to capture, 
detain and treat stormwater runoff from the first ½ inch of runoff (the “first flush”). The longer the 
detention time, the greater the pollutant removal.  Ideal detention time is 40 hours or longer. 
Typical removal rates for pollutants after 48 hours are: 80% to 90% for sediment; 40% to 50% for 
total phosphorus; 40% for nitrogen; 50% for organic matter; and more than 90% for trace metals.  

 
• Long-term pollutant removals for retention ponds are estimated at 50%-90% for sediment; 45%-

95% for lead; 25%-40% for zinc, copper and BOD; 25%-50% for total nitrogen; 40%-80% for 
soluble nutrients; and 30%-90% for total phosphorus. Pollutant removal rates are best when the 
permanent pool is designed to store 0.5 – 1.0 inch of runoff per acre of contributing watershed. 

 
All types of stormwater basins require periodic maintenance including: infrequent mowing of 
vegetated banks and slopes, debris, litter and sediment removal, erosion control, and inspection 
following significant storm events. Accumulated sediment should be removed from the bottom of the 
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pond every 2 to 5 years.  If stormwater basins are not maintained properly, they may increase the 
pollutant potential of stormwater being carried into the nearest waterbody. 
 
In the Croton Watershed, most stormwater basins are located on private property and have been built 
since the 1970s.  Table 3.6 provides some information on the number of stormwater basins in each 
municipality, based on discussions with each highway superintendent.  Maintenance responsibility for 
these facilities is very unclear.  These stormwater basins were typically created when private 
development projects were undertaken.  The developer granted ownership (and therefore maintenance) 
to a homeowner’s association in the development or to a municipality.  There have been noted 
problems with the transfer of ownership in both instances.   
 
If maintenance becomes the responsibility of a homeowner’s association, often times the homeowner’s 
association does not have the knowledge to properly maintain the stormwater basin.  Therefore, 
funding becomes an issue because it is not factored into the community dues and when there is an 
emergency, such as a washout or overflow, the community struggles to deal with the consequences.  In 
addition, when a homeowner’s association takes responsibility for a stormwater basin there is usually 
no system established to monitor whether or not the basin is being maintained and whether or not 
water quality conditions are being met.  
 
If ownership for a stormwater basin is transferred to the municipality, many times there is no 
mechanism in place to inform the highway department of their new responsibility.  Survey respondents 
noted that when it comes to stormwater detention basins, the following issues arise: 
 
• Maintaining and cleaning basins takes away from primary road responsibilities, adding to the 

department’s workload. 
• Access to remote or private properties limits maintenance abilities. 
• Equipment to perform the work is specialized and many of the departments rent the needed 

equipment. 
• Often times a basin may be the department’s responsibility, but the department was never made 

aware of it. 
 
Table 3.6 Stormwater Basins in the Croton Watershed 
 

Municipality No. of Basins +/- in Croton 
Watershed (approximately) 

Ownership/Maintenance 
Responsibility 

Bedford 20 Public & Private 
Cortlandt 5  Public & Private 
Lewisboro 10 Public & Private 
Mt. Kisco 1 Public & Private 
New Castle 10 Public & Private 
North Castle None specified  Private 
Pound Ridge 12 Public & Private 
Somers 15 Public & Private 
Yorktown 40 Public & Private 
Westchester County 
Property 

6 Public & Private 

DOT 10 Public & Private  
Total Basins 129 Public & Private 
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Snow and Ice Removal  
 
In the Croton Watershed each local municipality handles winter highway maintenance. With the 
exception of the Town of Lewisboro, local municipalities usually enter into agreements with NYSDOT 
and/or Westchester County to handle snow removal on most of the state and county roads within the 
municipality.  NYSDOT and Westchester County keep maintenance responsibility for interstate 684 
and a few other roads under their jurisdiction and do not contract maintenance responsibility to the 
local municipalities.  The municipalities within the Croton Watershed that have snow and ice contracts 
with NYSDOT and/or Westchester County are summarized in Table 3.7.  Towns with state/county 
contracts are required to develop guidelines for proper application and response procedures regarding 
the state and county roads they maintain.  These Snow and Ice Operational Plans specify to the 
NYSDOT the types of equipment used, the source and storage of materials, and the application and 
calibration methods used with winter materials.  Additionally, the plan addresses the department’s 
preparedness plan for snow and ice control and treatment of slippery spots.   
 
Table 3.7 State and County Contracts for Winter Road Maintenance 
 

Municipality State Highway Contract 
Miles 

County Highway Contract 
Miles 

Bedford 6.6 10 
Cortland 10.3 5 
Lewisboro 0 0 
Mt Kisco Main Streets in Village Lexington Ave 
New Castle 10 14 
North Castle 20 7 
North Salem 45 total state and county 
Pound Ridge 6 4 
Somers 20 >1 
Yorktown 0 8 

 
The Town of Lewisboro does not maintain any state or county roads and they cite the fact that the 
reimbursement rates under state and county contracts are not high enough to recover the expenses of 
providing the service.  The Town of Yorktown does not have state contracts for snow and ice removal.   
 
Material Composition 
 
Most local highway departments use a mix of sand and salt on local roads, while all NYS DOT roads 
are supposed to receive 100% salt.  Based on information provided by the highway superintendents, 
the consistency of salt and sand mixtures and application rates varies widely from town to town.  If a 
municipality uses a sand and salt mixture on local roads, NYS DOT requires the municipality to keep 
separate material stock piles and separate equipment for work conducted on state roads.   
 
Figure 3.3 illustrates the amount of salt and sand used by each municipality in a typical snow season.  
The rates of application and ratios of sand to salt used vary by municipality.  Total quantities applied 
per year should be compared to the amount collected during cleaning and maintenance of catchbasins, 
stormwater basins, roadways and other components of the stormwater conveyance system. 
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Figure 3.3 Winter Materials Application and Storage Capacity 

In summary, for all the municipalities surveyed, salt and sand quantities are highlighted below: 
 

• Interstate 84 (4 lanes): 298 tons per mile x length of I-84 in northern Westchester County 
• Total Salt per year: 261,856 tons 
• Total Sand per year: 197,294 tons 

 
Some towns, such as the Towns of Lewisboro, North Castle, North Salem and Pound Ridge, have 
identified sensitive areas within their jurisdiction for which special sand/salt application procedures 
have been developed.  These areas usually relate to drinking water/aquifer protection zones. 
 
The NYCDEP Watershed Rules and Regulations and the NYSDOT require specific guidelines and 
specifications for the type, amount and calibration of materials used for snow and ice removal.  There 
is little evidence that there is any oversight regarding how some of the local practices are performed. 
According to NYS DOT specifications, salt spreading equipment should be calibrated by a trained 
highway professional at a rate of 250 pounds of salt per lane mile.  In addition, NYSDOT has a 100% 
salt requirement for certain areas and there is no way of knowing whether or not local highway 
departments comply with this.   
 
Material Handling and Storage 
 
The NYC DEP Rules and Regulations restrict storage and handling practices of all hazardous 
substances and wastes, petroleum products and winter highway maintenance materials.  For example, 
the Rules and Regulations specify that storage of petroleum or other hazardous substance storage areas 
should have a buffer area of 100 feet from streams or wetlands and 500 feet from reservoirs.  
Additionally, for all winter highway materials that contain >8% chloride in quantities greater than 
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1000 pounds or more, the regulations require that salt storage sites be constructed with low permeable 
storage pads and that outdoor handling areas be designed and constructed in ways that prevent seepage 
and runoff from entering waterbodies. Covers and berms should be utilized to minimize runoff and any 
facility enlargement must be constructed in accordance with the regulations. Refer to Appendix B: 
NYC DEP Watershed Rules and Regulations Effecting Highway and Road Practices for specific 
requirements. 
 
Storage sites for winter materials are typically located at road maintenance sites.  These sites are 
generally selected for operational convenience and historically have not been located with 
environmental protection in mind. Studies have shown that poor location and lack of protection for salt 
storage areas can be responsible for the majority of adverse environmental impacts associated with 
salt.  There are instances in New York State where drinking water wells have been rendered non-
potable due to leachate from poorly designed and maintained salt storage piles.  
 
In the Croton Watershed, most salt storage facilities were built in the 1980s and 1990s.  Most of the 
municipalities (6 out of 10) state that some improvements are needed to their facilities, specifically to 
incorporate water quality protection measures.  However, some municipalities did design and construct 
their facilities with water quality protection mechanisms in mind. In fact, NYCDEP cites the Towns of 
North Salem and Cortlandt as having examples of model storage facilities.  Table 3.8 summarizes the 
salt storage characteristics of each municipality. 
 
Table 3.8 Salt Storage Facilities in the Croton Watershed 
 
 Number of 

Sites 
Year Built Outside 

Handling? 
Improved Facility 
Needed? 

3-Sided Structure? 

Bedford 3 1- 1950’s  
2- Pre 1985 
3 -Pre 1985 

Yes Yes - salt Yes (3) 

Cortlandt 1 1992 No No No 
Lewisboro 1 Late 80’s No No No 
Mt. Kisco 1 1989-90  Yes Yes No 
New Castle  1 1982 No Yes – too small No 
North Castle 2 1985  

1995  
No Yes – too low No 

North Salem 1 1996 No No No 
Pound Ridge 1 1975 sand 

1995 salt   
No Yes– inadequate 

flooring 
Yes (3) 

Somers  1 Shed;  Late 1980s Yes Yes (too small) No 
Yorktown 3 1 1998 

2 1988-92 
3  1988-92 
 

Yes No No 

WC 3  No No Yes (3) 
State DOT 3  No No Yes (3) 
 
Residual Materials Disposal 
 
Polluted urban runoff can be a major source of water quality problems in receiving waters.  Road 
activities, automobiles, chemicals used in homes, erosion from construction sites, chemical spills, pet 
waste and industrial discharges all contaminate stormwater runoff.  Residual materials from cleaning 
streets, catchbasins and drainage systems come from various sources, contributing sediments, 
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nutrients, bacteria, oil and grease and heavy metals into the drainage system.  In order to reduce the 
transport of these pollutants to waterbodies, the stormwater conveyance system should be cleaned and 
residual materials must be disposed properly.  Most highway departments surveyed dispose of their 
residual wastes by stockpiling for use in construction projects and/or pile it to be carried to a disposal 
facility. 
 
Vegetation Control 
 
Vegetation maintenance and control is important to maintain the drainage capacity of the roadside 
drainage system and to maintain good visibility for road traffic. Periodic mowing along roads and 
highways and clearing drainage channels of fallen tree limbs are tasks performed by highway 
departments throughout the year.  All municipalities in the Croton Watershed mow roadside vegetation 
during the growing season, generally 2-3 times per year.  However, the Town of North Salem mows 4-
5 times per year and the Village of Mt. Kisco mows weekly.  No local highway department reported 
removing grass clippings when mowing.  Grass clippings create nutrients when they decompose.  If 
they are not removed and a municipality applies fertilizers to the vegetative roadside areas, there may 
be an excess of nutrients produced.  Some municipalities use herbicides and other growth inhibitors to 
control roadside vegetation.  Table 3.9 describes roadside vegetation control employed in each Croton 
Watershed municipality.  
 
Table 3.9 Roadside Vegetation Control and Maintenance 
 
 Roadside 

Maintenance 
Mowing 
Schedule 

Tree pruning and 
Other Items 

Chemical Vegetation Control 

Bedford Northern Towns are 
forgotten in State and 
County roadside 
maintenance 

2 mowers; 1 
owned; one 
rented for 5 
months. 

Mostly by contract: 
based on complaint and 
safety / liability 

Yes.  One person clears signs 
and is licensed to spray roundup 
on side walks and guide rails. 

Cortlandt Mow and spray May through 
August.. 

 Yes, Roundup.  Also apply 
growth inhibitor ionization on 
12 miles; contracted to 
Agrostatics (VT). 

Lewisboro Mow 1-2/year Remove dead trees No 
Mt. Kisco Mow grass in village 1/week April to 

Nov 
Contract pruning to 
private company 

Yes. Roundup hand sprayed on 
side walk weeds 

New Castle Mow 2 mowers going 
all summer 

By complaints only No  

North Castle Two mowers; start in 
spring 

As needed and 
based on 
weather 

Winter: Dec-Jan: 
everyone.  Tree 
company takes down 
dead trees 

No 

North Salem Mow in spring  4-5 times/year; 
blow leaves in 
fall 

As needed; large stuff is 
contracted; some 
beautification 

Yes, Roundup on ball fields 
along fence lines 

Pound Ridge 2 mowers 2/yr. May 
through June 

In winter, do low stuff; 
parks handles islands 
and large grass areas; 
Hire tree company to cut 
down, stump grinder to 
mulch (parks dept) 

No 
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Somers  Mowers April-Nov Cut trees when dead or 
unsafe; based on visual 
patrol 

No 

Yorktown Mow 2-3 times/year Constant: 6 person tree 
crew (2 tree trucks, 2 
clippers, not enough)  
Pick up trash when 
called 

No; once tried Agrostatic: didn’t 
work well and people went 
ballistic 

WC Mow  By complaint 
from residents or 
police 

Removal as needed 
based on complaints and 
sight distance; no 
trimming 

No, stopped 5 years ago due to 
DEC permit problems with 
reservoir. 

State DOT Mowing, litter 
guardrails 

Reactive, based 
on complaints 
and observation 

 Yes, restricted application is 
contracted out 

 
Leaf Collection 
 
Fallen leaves can be a significant source of debris throughout a stormwater conveyance system.  
Leaves should be collected from the various components of a stormwater conveyance system because 
they can clog catchbasins, stormwater basins, pipes, drainage channels and cause flooding, dangerous 
road conditions, increased maintenance costs and inhibit water quality.  Large quantities of leaves in 
waterbodies will decompose and consume oxygen in a water body that is needed by aquatic life, such 
as fish and macroinvertebrates, to survive and thrive. When oxygen is reduced or depleted in 
waterbodies, less desirable, pollutant tolerant species become more abundant while sensitive species, 
such as trout diminish.  Leaf collection is usually a responsibility of the local highway department. 
 
In the Croton Watershed the Towns of Bedford, Mt. Kisco, New Castle, North Salem and Yorktown 
offer curbside leaf collection.  The Town of Lewisboro offers limited curbside leaf collection, however 
it is only available around lake properties. All ten municipalities remove leaves from the streets and the 
collection system and seven municipalities and Westchester County compost the collected leaves.  
These municipalities are Bedford, Cortlandt, Lewisboro, New Castle, North Castle, Somers, Yorktown 
and Westchester County.  The Town of Pound Ridge blows leaves into a wooded area because there is 
no location to compost locally. 
 
Record Keeping and Data Management 
  
The level of record keeping and sophistication of data management varies throughout the Croton 
Watershed according to highway department needs and funding availability. Table 3.10 summarizes 
the current record keeping approaches among the local highway departments. 
 
An effective record keeping and data management system will store, track and maintain historical and 
operational knowledge of the infrastructure that highway workers often keep in their head.  This can 
effect capital improvement planning as well as reimbursement efforts when major storms occur and the 
Federal Emergency Management Agency (FEMA) requires improvement or operational information in 
order to reimburse local expenses. In addition, an electronic maintenance, repair and complaint log 
with digital and geographic features can help local highway departments identify watershed based 
capital improvement needs.   
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Table 3.10 Record Keeping and Data Management 
 
 Record Keeping and Data Management Comments on Records and Data Management 
Bedford Daily log; computer log (MS Word) kept since 

1986; kept for lawsuits 
Head Foreman assigns work; needs are in his 
head; crew foremen tell Head Forman what needs 
to be done based on their observations. 

Cortlandt Daily record: trip ticket   
Road file for work done on each road   
Memory 

Plans for using GIS in Planning and Engineering; 
working with County IT; Town is acquiring 
equipment... Have hopes of using GIS to keep 
records of basins and help to schedule 
maintenance however, would need data entry 
person to enter this info consistently. 

Lewisboro Now: daily foreman’s report. 
Plan to use GIS hope to be operating by next year.

  

Mt. Kisco No records   
New Castle Features are mapped; Daily worksheet; complaints 

kept on message slips; index book of roads and 
basins; zone map file. 
Now have efficient complaint and work request 
system through website, but sometimes phone 
system is down so it doesn’t work. 

Need a more formal system; trying to computerize 
but Highway is connected to Town Hall Main 
frame, which is slow and sometimes down. 
Highway starts 2 hours earlier, so if phone lines 
are down or some other problem, can’t use 
computer. 
Could use training on GIS. 

North Castle daily worksheets for each crew (2-10 filed daily in 
town hall)  
memory 

Beginning to use computer management system: 
Road Surface Management System (RSMS) from 
Cornell. This will allow them to keep records on 
basins, trees, etc. Takes a lot of time to enter data.  
Has had it for 2 years, but still not operational. 
Could use full time data entry person to finish 
baseline data. (sounds too cumbersome to be kept 
up) 

North Salem No records; memory; no diary after court case 
where he had read it aloud. 

  

Pound 
Ridge 

Observation from one end of town to the other 
logging problems. 

  

Somers  No records   
Yorktown Forms, job order; road files.   

Foreman for each issue: paving, drainage, signs. 
Planning to computerize 

Sometimes tickets don’t come back. Get lost by 
crew; computer would solve this. 

WC Foreman notes crew, road, actions and equipment 
on card; one person enters data to computer; 
system works well. 

No central location of records regarding County 
roads. 

State DOT Daily work reports, but effectively no records  
 
Capital Priorities 
 
In interviews with highway superintendents, each respondent identified a number of long-range 
stormwater capital improvement needs within their respective political boundaries.  Generally, 
improving drainage, highway facilities or buildings and replacing aging equipment dominate the listed 
priorities within all the municipalities.  Additionally, some noted they would greatly benefit from more 
specialized staff and technical assistance from the County in planning or implementing local drainage 
projects.  Below are some of the main points that each respondent provided.  Table 3.11 reflects 
individual needs and should be considered with other capital priorities identified within each 
community. 
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Table 3.11 Highway Related Capital Priorities 
 
 Long range capital budget needs Priorities if more money were 

available 
Bedford On-going patching and paving program with engineer to 

assess needs and priorities.  Spent $16M over 15 years on 
prior priorities.  Highway Superintendent is helping to 
coordinate funding and town is financially supportive. 

Complete drainage on dirt roads; catch 
up on paving 

Cortlandt Two 1900 circa railroad bridges over Metro North should be 
replaced to avoid catastrophic failure.  Disagreement over 
jurisdiction and responsibility between town, County, and 
MTA.  Many culverts need inspection, repair and upsizing to 
handle current and future needs. 

Replace aged equipment.  Hire more 
trained staff: arborist; mechanic; park 
officer/conservation specialist (town 
has 450 acres acquired for open space); 
hydrologist;  

Lewisboro  Update equipment: especially dump 
trucks; get new type of mower; new 
building. 

Mt. Kisco Vacuum truck (current one is 8 years old; need newer and 
larger); Chipper 

Vacuum truck that can clean sewer 
lines as well. 

New Castle Larger salt dome. Hunts Lane has minimal room for 
expansion; NYS and County Parkway own ideal area. 

More paving and salt dome; residents 
like new roads. 

North Castle Garage to park equipment inside.  Basins and culverts. Drainage and road rebuilding 
North Salem Improve drainage, esp. on dirt roads and add more 

catchbasins. 
Drainage, new highway building 

Pound Ridge Repave Long Ridge Road in design.  Noted that County 
roads in locality are poorly maintained and should have a 
CIP for road and drainage improvements. 

Repave roads; drainage improvements; 
new trucks 

Somers  Culverts.  Erosion channels and sediment traps around 
Lincolndale Lake. 

Salt storage  Stormwater management: 
Improve drainage systems to protect 
roads and repair roads 

Yorktown Dozens of potential projects could be listed. Junior Lake: 
dredging and 2 bridges.  Generally, culverts, bridge rehab 
and swales. Could also use County’s technical assistance 
and equipment such as highway line painter. 

Regional drainage improvements and 
measures should be investigated. 

WC A capital budget program is in place based on road 
evaluation. However, no resources for maintenance and 
roads and facilities are deteriorating faster which leads to 
increased capital cost in future.  Some thoughts about 
turning over roads to municipalities b/c no funds, no 
maintenance.  In 1960s had a Master plan that was updated 
yearly. Now new plans go in file and are not updated on 
master plan.   

Set up maintenance programs 

State DOT   
 
New Project Involvement 
 
When a municipality approves of or undertakes a new development project within their municipality, 
involving the local highway superintendent can become advantageous.  Implementation of new 
projects offers an opportunity to do things differently and incorporate new techniques and approaches 
into plans and board approvals.  In order to make this happen, good relationships and cooperation built 
upon trust by local officials, particularly among the highway superintendent, planners and town 
engineer should exist. All towns seem to understand this but not all towns have it. Based on the local 
review structures and protocols, new projects are reviewed and inspected either by the town engineer 
and planning board often with some input from highway superintendents. 
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Some highway superintendents get involved at the beginning of a project (Cortlandt; North Salem, 
Yorktown); some after the planning board review of a project (Somers, Pound Ridge); and some rely 
solely on the Town Engineer (Bedford, Lewisboro, Mt. Kisco, New Castle, North Castle).  Inspection 
of a new project, during construction is rarely performed on a consistent basis.  However, the Town of 
Yorktown has an environmental inspector that performs enforcement functions and assists with new 
project review functions. 
 
Highway superintendents from North Salem and Yorktown expressed opinions that the new project 
review process is too slow because the town studies proposals adding lengthy delays to the approval 
process.  New project review processes are further discussed with each highway superintendent in 
table 3.12. 
 
Table 3.12 New Project Review Process 
 
 Are you involved with new 

project development? 
At what point do you 
become involved? 

How well does the process work from 
submission to turnover? 

Bedford Yes, in consultation with 
others. 

Engineer discusses with 
highway superintendent; 
working together for 14 
years. 

Prefer maintenance-friendly projects. 

Cortlandt Yes, especially on stormwater 
and roads 

 Active involvement from the 
beginning 

Variances easily given for greater 
density; communication process needs 
improvement. A position for an 
Environmental Inspector has been 
proposed to enforce rules. 

Lewisboro Planning board and engineer 
are involved 

At end, do inspection; 
Engineer knows highway’s 
needs 

  

Mt. Kisco Engineer is involved at 
beginning; once settled,  gets 
briefed. 

If engineer suspects problem, 
they go together to inspect 
and discuss 

Fine 

New Castle Not really; engineer takes the 
lead. 

When roads are about to be 
dedicated 

Average, but could be better; problem 
is getting it done right before homes are 
occupied. 

North Castle Engineer deals with this Engineer may confer with 
Highway Superintendent. 

Works well; trusts the engineering firm 
(Kelard Engineering) 

North Salem Yes At beginning; planner and 
engineer consult with 
Highway Superintendent 

Town studies proposals in detail,  
slowing down the process 

Pound Ridge Engineer, planning board Review plans after others Ok 
Somers  Plans are rarely passed on to 

highway superintendent, and 
he is not able to commit 
necessary time for adequate 
review  

After planning board review Engineer wants cleansing ponds but 
doesn’t understand maintenance needs; 
want them cleaned out without 
damaging vegetation, which is 
unreasonable. 

Yorktown Yes, get all info, make 
comments 

At beginning Need to consolidate reviews: currently 
unfair to developer; now ping pong 
back to all the boards.  As elected 
official,  has more authority 

WC Review plans for all projects 
which abut or access County 
roads; drainage and traffic are 
primary considerations 

 Works well; have 2 inspectors; one for 
north County and one for South 
County. 
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NYS DOT Receive about 1 per day. Near the end, after approval 
by Town Board, get involved 
if new driveway enters State 
road or need variances on 
property abutting state road 

State DOT technical staff are 
insufficient for review; information is 
rarely adequate; monitoring and 
enforcement are inadequate. 

 
Construction Site Environmental Oversight and Enforcement  
 
The regulatory atmosphere regarding construction site environmental practices has changed and 
communities and their highway practices need to change with it. Environmental practices at 
construction sites are under more scrutiny than years before specifically due to new regulatory 
requirements related to stormwater pollution prevention.   
 
New York State has amended its stormwater design manual to require both quality and quantity 
considerations to be factored into pre and post construction plans.  Federal site development criteria 
will soon cover projects to a minimum of one acre of disturbed area.  In addition ISTEA projects 
previously exempted from stormwater regulations will now be required to comply. 
 
In the New York City watershed, NYC DEP has review authority over construction projects within the 
Croton Watershed. On a statewide basis, the recently revised New York State Department of 
Environmental Conservation Stormwater Management Design Manual will require that the unified 
stormwater sizing criteria be used for all new or redevelopment construction projects.  The new criteria 
provides protection using stormwater management systems that meet each of the following: 
 

• Water Quality:  The systems should be designed to capture and treat 90% of the annual runoff 
events.  Because this volume is specifically designated for water quality improvement, there is 
no ability to use the volume contained for quantity control. 

• Channel Protection:  Protect the channel by detaining the one-year storm between 12-24 hours, 
depending on the stream classification. 

• Overbank Flood:  Control the peak discharge from the 10-year-storm to 10-year 
predevelopment rates. 

• Extreme Storms:  Control the peak discharge from the 100-year storm to 100-year 
predevelopment rates.  Safely pass the 100-year storm event. 

 
Within the Croton Watershed communities, enforcement at construction sites is handled by a variety of 
personnel ranging from a code enforcement officer, engineer, building inspector and/or a wetlands 
inspector. The NYCDEP also has authority in the Croton Watershed to enforce its and the state’s 
stormwater regulations on new construction sites. 
 
Except for the Towns of Bedford and North Salem, the highway superintendent is not involved during 
the construction phase of a project. The Town of Cortlandt highway superintendent becomes involved 
with a new construction project only following a problem that could affect local roads or other publicly 
owned property.  Table 3.13 summarizes the ways construction sites are currently handled in each 
Croton Watershed community. 
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Table 3.13 Construction Site Environmental Oversight and Enforcement 
 
 How are construction sites 

handled? 
Monitoring of Sites How are violations handled? 

Bedford Highway Superintendent does 
driveways; Team approach 
with buildings and engineer 

Team approach with buildings 
and engineer 

Code enforcement officer 

Cortlandt Code enforcement officer Code enforcement officer Code enforcement and  involved 
when there are spills.  They back-bill 
for expenses, but this is often not 
effective. 

Lewisboro By complaints Building department and code 
enforcement officer 

Building department and code 
enforcement officer 

Mt. Kisco Engineer and building dept. Building inspector and 
engineer 

Code enforcement officer 

New Castle Building Dept. During construction, 
monitored by wetlands 
inspector 

Code enforcement officer 

North Castle Building department 
responsibility 

Building department 
responsibility 

Building department responsibility 

North Salem If will become town road, 
engineer and Highway 
Superintendent, if not, just 
engineer. 

 n/a Highway Superintendent can issue 
stop work order 

Pound Ridge Silt fence; water erosion 
control is first requirement 

Building Inspector, engineer, 
periodic inspections 

No big violations to speak of 

Somers  Engineer  n/a Engineer  
Yorktown Building, engineer and 

environmental inspector 
Environmental Inspector Environmental Inspector 

 
Stormwater Management on Private Property 
 
Water quantity is a major problem on both public and private property, yet responsibility for damage is 
often vague and difficult to determine.  Landowners often expect municipalities to solve flooding 
problems on their private property yet there is no management structure or plan to handle private 
property stormwater issues.  Municipalities often fear setting precedent for handling such drainage 
problems.  The damage that results from stormwater flow is a factor of local site conditions, the 
amount of precipitation that falls within a certain timeframe, in addition to how saturated or dry the 
ground is.  Table 3.14 identifies common stormwater problems and related maintenance issues on 
private property in the Croton Watershed communities. 
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Table 3.14 Stormwater Problems on Private Property 
 
 Stormwater control problems on private lands Problems with maintenance and private 

property owners 
Bedford Thousands of systems on private property; people 

want town to get rid of water.  Deals with it on case 
by case basis when problems arise 

Yes; pond owners want town to dredge due to 
siltation from runoff 

Cortlandt In some cases, easements are weak, unknown, or 
non-existent.  Problem areas are brought to the 
attention of the Town where staff were unaware they 
had maintenance responsibility.  

Oregon and Gallow Hills roads: erosion clogs 
culverts; 3 large parcel landowners without 
resources to fix it themselves. Drainage district 
would be inappropriate for so few parcels. 
Town can’t afford $1 mil to fix; also, 
inappropriate because would create better real 
estate and set precedent. 

Lewisboro None Identified. None Identified. 
Mt. Kisco Most drainage, land and pipes, flows to Kisco River. 

No problems. 
No 

New Castle Private ponds get silted in; ponds near roads all get 
silted up 

Whippoorwill Homeowners association wants 
an aquatic plant District so town will dredge. 

North Castle New construction goes through building department 
for review. 

 None Identified. 

North Salem Cotswald Condos, drain to Peach Lake, no problems. Don’t allow problems to occur; will take over 
only when brought to town specs 

Pound Ridge Clean catchbasins in business districts; no one 
maintains road drainage on private lands:  Trinity 
corners shopping center had septic problems in past 
(20 yrs old) 

 None Identified. 

Somers  Easements are obtained  
Yorktown Only if private pipe flows into public system Only had problems with 4 residents in 6 years. 
WC None Identified. None Identified. 
State DOT None Identified. None Identified. 
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IV. RECOMMENDATIONS FOR HIGHWAY ROAD AND HOUSEKEEPING PRACTICES 
IN THE CROTON WATERSHED 

 
Highway departments should take a proactive role in protecting water quality through the use of 
highway, road and housekeeping techniques that will help them manage their operations in a manner 
that will minimize water quality impacts.  New regulations (Stormwater Phase 2) will require the 
implementation of water quality techniques in every aspect of local highway department activities.  
This section of the report focuses on general recommendations that each local highway department 
should begin to incorporate into their routine work plans.   
 
Regional Cooperation 
 
Budget and staff limitations are the primary factors restricting highway departments from becoming 
pro-active, rather than re-active, when it comes to the water quality management aspects of highways, 
roads and housekeeping practices. This is not a problem that is solely burdening the Croton Watershed 
communities.  Nationwide entities have been exploring different opportunities to maximize both 
financial and personnel resources.  One of the most successful opportunities is the use of a regional 
approach to solve watershed drainage problems.  A regional effort for stormwater management can 
help identify and generate a stable funding mechanism to use existing staff and resources to 
accomplish stormwater management throughout the Croton Watershed.  A regional solution does not 
have to mean loosing control or a need to create another agency.  Local departments might complete a 
task but they will be reimbursed or funded from the regional entity.  In addition, regional cooperation 
may prove to be worth exploring and may in fact be an easier way for municipalities to meet the 
challenging requirements of the Stormwater Phase 2 Regulations.  Suggested below are minor 
recommendations for incorporating regional aspects into highway, road and housekeeping 
management: 
 
¾ Offer and require staff to be trained in proper calibration and application of winter materials as 

well as proper stormwater management functions and materials handling.  Don’t assume that 
employees have already been trained on all the proper techniques and water quality impacts of 
highway practices.   

 
¾ Establish a training program with neighboring communities to bring practical hands-on training 

to the front-line crews and supervisors. 
 
¾ Develop sub-basin or watershed-wide maintenance and repair schedules. 

 
¾ Develop a watershed-wide monitoring inspection program, including clear protocol options for 

violations. 
 
¾ Determine what the full equipment needs are for the watershed as a whole in order to undertake 

routine preventative maintenance of existing facilities and infrastructure. 
 
Stormwater conveyance System Mapping and Analysis  
 
As discussed in Section III, the sophistication of system mapping and analysis varies from town to 
town.  Limited information in the form of mapping or recordkeeping impacts the way in which routine 
maintenance and other highway and road related activities are undertaken.  Towns would benefit from 
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a mapping and recordkeeping system that combined digital and geographic information with hydraulic 
and hydrologic functions.  In order to accomplish this, the following suggestions should be 
implemented: 
 
¾ All Croton Watershed Communities should have computer automation capabilities.   
 
¾ Currently, the Towns of Bedford, Lewisboro, New Castle, and Yorktown use a computer for 

some of their highway/road management activities.  These communities should become fully 
computer automated for all department activities. 

 
¾ The Towns of Cortlandt, Mt. Kisco, North Castle, North Salem, Pound Ridge and Somers 

currently do not use computers for record keeping, daily logs, etc.  These communities should 
invest in computer automation for all highway department activities. 

 
There appears to be an overall lack of an existing facilities inventory throughout the watershed.  
Therefore, each Municipality in the Croton Watershed should map their stormwater conveyance 
system (both public and private system components). 
 
¾ Westchester County, through funding associated with the Water Resources Development Act, 

was able to map the stormwater conveyance system in the Hallocks Mill Brook Watershed, 
located in the Towns of Somers and Yorktown.  System-wide mapping on a subwatershed level 
would be the most appropriate means to obtain a map of the entire stormwater conveyance 
system in the Croton Watershed. 

 
¾ In addition, municipalities should work with Westchester County to facilitate stormwater 

system mapping in relation to other mapping endeavors such as the Westchester County 
Department of Health’s mosquito control program (STING). 

 
In addition to knowing where the various components of the stormwater conveyance system are, it is 
important to be aware of how much stormwater flow can be handled by the existing system.  The 
existing stormwater conveyance systems in the Croton Watershed should be assessed in relation to 
hydrologic and hydraulic watershed characteristics. 
 
¾ Conduct comprehensive subwatershed analysis of stormwater conveyance systems for all forty 

subwatershed areas within the Croton Watershed. The Hallocks Mill Stormwater Conveyance 
System will serve as a municipal model regarding the benefits of subwatershed analysis. The 
Hallocks Mill analysis can be used as a tool for municipalities to better understand 
development impacts on natural drainage patterns and related restoration opportunities.   

 
Recordkeeping and Data Management 
 
Currently in the Croton Watershed, except in the Town of Yorktown, collection system maintenance is 
guided by complaints when problems are detected. The Town of Yorktown has established a “Stream 
Team Program” where the town highway, planning and engineering departments work together to 
identify areas within the collection system that need to be maintained.  Other than in the Town of 
Yorktown, there is no methodological system established to inspect, maintain and repair the various 
system components. 
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¾ All municipalities in the Croton Watershed, with the exception of the Town of Yorktown, 
should implement a “Stream Team” mechanism to regularly inspect and maintain the local 
stormwater conveyance systems. 

 
¾ In addition, communities should create an inspection/maintenance schedule which includes 

examination of the headwater areas to the bottom water areas within each of the drainage 
basins.  This approach will reduce the likelihood of the maintenance activity producing more 
work in areas that have already been maintained. 

 
Unpaved Roads 
 
Due to the design constraints of an easily erodable road surface, unpaved roads will continue to pose 
problems to both water quality and the highway budgets. However, there are specific BMPs that help 
preserve the life of unpaved roads while reducing water quality impacts associated with erosion.   
 
Recommendations include:  

 
¾ Be selective about the type and timing of surface maintenance implementation.  Being 

selective can prevent or reduce roadway disturbance, minimize erosion problems, and 
reduce costs associated with maintenance of unpaved roadways. Regrading the road surface 
frequently helps to avoid major washouts while redirecting flow.  Constructing stormwater 
facilities during construction or resurfacing can help to reduce sedimentation from unpaved 
roads. 

 
¾ Target unpaved roads for stormwater retrofits in the Towns of Bedford, Lewisboro and 

North Salem.  These retrofits should include the use of innovative techniques to collect the 
increased sediment load delivered to waterbodies from unpaved roads.  These techniques 
may include check dams in drainage ways or offline systems to decrease the amount of 
sediment transported to the receiving stream. 

 
¾ Dust from unpaved roads was reported as problematic.  The use of calcium chloride has 

been an effective means to control dust and sediment migration from unpaved roads. 
Typically, an unpaved road will be treated 2 to 3 times per year with application rates 
ranging from 0.5 to 1.0 lb. per square yard. Applications should be avoided when stormy 
weather is forecast.  Although implementing dust control measures can reduce erosion and 
sedimentation, calcium chloride has been known to have adverse environmental impacts as 
well. 

 
¾ If unpaved roads are planned as part of future development, the Towns should require 

appropriate best management practices to optimize infiltration of stormwater, directing 
water away from the road surface but into areas that have adequate storage or infiltration 
potential prior to discharging to a stream or water body. 

 
¾ Materials such as Enviropave should be used to lessen the susceptibility of erosion and 

subsequent deterioration in problem areas.   
 
Drainage Basin, Channel and Pipe Network Improvements 
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Retrofitting the stormwater conveyance system to improve its functionality for water quality purposes 
can be very straightforward.  Minor modifications may need to be made to drainage channels, outlet 
structures and other “mechanics” of the collection system.  Some major modifications (such as basin 
enlargement, dredging, and establishment of aquatic benches or shelves) may need to occur. Below is a 
list of recommendations for improving local management of drainage channels and other components 
of the stormwater conveyance system. 

¾ Develop a routine maintenance program (as part of a larger system-wide maintenance 
program for catchbasin cleaning.   

 
In general, routine catchbasin maintenance includes cleaning them on a rotating schedule to 
not allow sediments to fill more than 50% of the chamber capacity. Failure to perform 
cleaning at 50% of the basin’s capacity will result in a catchbasin overflow, which would 
allow sediments to pass through the basin following a storm. 

 
¾ Cleaning schedules should be developed, tracked and logged on a computer system to better 

refine the cleaning schedule.  Refining the cleaning schedule should vary based on the 
following:  

 
• Catchbasin capacity 
• Sediment load 
• Precipitation conditions 
• Meteorological forecast 
• Street cleaning methods and practices 
• Surrounding land use/topography/construction impacts 
• Soil characteristics 
• Equipment availability 
• Budget 

 
¾ Upon cleaning a catchbasin, residual sediments should be properly disposed of or reused 

where appropriate.  A waste characterization analysis should be performed to determine if 
the materials meet relevant reuse or disposal criteria.  Waste products should not be 
stockpiled on site without proper approvals or containment measures in place.  Placement 
should always take into consideration runoff characteristics and reasonable controls. 

 
¾ If a catchbasin chamber continues to fill with excessive sediment, this may indicate the 

need for retrofit or the need for additional land-based erosion and sediment controls. It is 
recommended that local code enforcement officers be notified by the stormwater 
maintenance crews to conduct site visits and enforce any relevant land use controls when 
sediment and erosion controls are needed.  

 
¾ Assessment and retrofit, where feasible, of the problem areas identified in Table 3.5 should 

be undertaken. 
 
¾ Drainage channel reshaping, when needed, should occur as part of a routine maintenance 

program.  Reshaping should be performed to avoid enlarging the channel.  The rule of 
thumb in reshaping is that the resulting depth of the drainage channel cannot be lower than 
the flow line between the culverts at the upper and lower end of the drainage channel or the 
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channel will fill up with undesirable material.  In addition, the preferred shape of roadway 
drainage channels is the “rounded or flat-bottomed-V,” with sloping/terraced sides.  The 
drainage channel should be at least two feet wide and the bottom elevation and should be 
one to two feet below the road base. “U-shaped” channels should be avoided as they tend to 
be too steep, making maintenance difficult.  In addition, drainage channels with steep sides 
tend to cave in, leading to erosion problems.  

 
¾ Check dams should be constructed, as needed, to reduce sedimentation and encourage 

filtering of flow prior to discharging to a receiving stream or waterbody. Based on the 
inventory of stormwater problems associated with channel sedimentation, the installation of 
a series of check dams would help facilitate sediment settling and will slow water velocities 
which would reduce the amount of sediments discharging into waterbodies. 

 
¾ Drainage channels should be planted with fine, close growing, water-resistant grass.  

Examples of vegetation appropriate for swales include reed canary grass, grass-legume 
mixtures and red fescue.  In addition to a dense grass system, the pollutant removal 
performance of vegetated swales is dependent on incorporation of check dams, slight 
slopes, permeable soils, increased contact time, and small storm events.  Factors that 
decrease the effectiveness of swales include compacted soils, runoff contact time, large 
storm events, frozen ground, short grass heights, steep slopes, and high runoff velocities 
and discharge rates. 

 
¾ If possible drainage channel surface area should be increased.  Pollutant removal 

efficiencies vary greatly depending on the amount and type of vegetation in the drainage 
channel. 

 
¾ Where feasible, stormwater basins initially constructed for water quantity purposes should 

be retrofitted for water quality purposes.  Measures should be taken to assess the receiving 
stream and the basin characteristics to design retrofits or other improvements to mitigate 
water quality impacts and improve receiving stream characteristics. 

 
Street Sweeping 
 
Street sweeping is an effective practice to reduce the total amount of sediment which can enter a 
stormwater conveyance system and potential end up in receiving water bodies.  All of the Croton 
Watershed communities undertake some type of street sweeping activities. Below is a list of 
recommendations for improving their street sweeping efforts: 
 

¾ Develop and implement a routine sweeping program.  A weekly program should be 
developed to reduce the amount of foreign material on the streets which could drain to 
streams and receiving waterbodies.  The following factors should be considered when 
developing a program: 

 
• Target areas with the highest pollutant loading (industrial and commercial areas) for 

more frequent sweeping and sweeping prior to rainy weather. 
• Design sweeping routes based on street loading, travel time to and from route and 

disposal site, frequency of sweeping.  Seek highest efficiency in designing sweeping 
routes. 
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• Restrict vehicle parking through education and regulation to allow for routine sweeping. 
• Inspect sweeping route immediately after cleaning to evaluate effectiveness. 
• Maintain computerized route logs with curb miles swept and amount of debris removed  
• Evaluate program thereby creating information and data for future decision making and 

permit required reporting. 
• Provide training for teaching safe and proper use of sweeping equipment for highway 

personnel.  For local officials and citizens, provide education about the importance of a 
well developed street cleaning program. 

• Conduct ongoing evaluation of the program by fine tuning operation and routes though 
day to day management. 

 
Residual Materials Disposal 
 
Residual Materials Disposal includes the disposal of grass clippings and leaves, as well as materials 
collected during maintenance of the stormwater conveyance system.  Listed below are 
recommendations that should be implemented throughout the Croton Watershed. 
 

¾ Storage for compost should be controlled and properly designed and located to reduce 
runoff and contact with water in the Towns of Bedford, Mt. Kisco, New Castle, North 
Salem and Yorktown.  

 
¾ Create curbside leaf collection programs in the Towns of Cortlandt, North Castle, Somers 

and Pound Ridge. 
 

¾ Continue existing leaf collection programs and expand leaf collection program in the Town 
of Lewisboro where there is limited leaf collection. 

 
¾ Investigate changes to municipal regulations to curb personal activities that have 

cumulative effects on water quality such as dumping yard clippings and leaves into streams, 
drainage channels/swales and storm drains. 

 
¾ Dispose of or reuse material collected during maintenance of the stormwater conveyance 

system.  A waste characterization analysis of this material should be performed to 
determine if the materials meet relevant reuse or disposal criteria.  Materials should not be 
stockpiled without proper approvals or containment measures.  

 
Vegetation Control 
 
Ideally, drainage channels should be resistant to erosion, be self cleaning and discharge onto nearly 
level vegetated areas where infiltration is encouraged rather than directly discharged to a receiving 
waterbody.  Much of this ideal situation is dependant on vegetation (type and maintenance) within the 
drainage channel.  Well-designed vegetated drainage ditches slow water and trap sediments from 
stormwater runoff before entering surface waters. Channels seeded with grasses and legumes stabilize 
slopes and banks of the channel.  Properly planned and maintained channels are effective at removing 
pollutants.  USEPA estimates suggest that grassed swales can reduce soil erosion by about 40%, total 
nitrogen loss by about 20% and total phosphorus loss by about 45%. Channeling highway runoff 
through 100 feet of grass removes 60% to 80% of the lead, zinc and copper contaminants.  
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¾ For maximum water quality benefits, a vegetated swale should never be cut shorter than the 
design flow depth. However, in many roadside applications, the height of the grass is 
limited by the drainage channel capacity, visibility restrictions associated with the road and 
the maintenance schedule for performing all vegetative maintenance. 

 
¾ Weed control, reseeding bare areas and clearing debris and blockages should be performed 

regularly. 
 

¾ Cuttings should be removed from the channel and accumulated sediment should be 
removed manually to avoid re-suspension.   
 

¾ The application of fertilizers and pesticides should be minimal.  Before application of 
fertilizers and pesticides, a soil test should be obtained to determine necessary nutrients and 
proper amounts.  Additionally, damaged and eroded areas should be repaired utilizing 
suitable soil that is properly tamped, seeded and mulched.  Other measures already being 
required in the Croton Watershed include the use of tacifiers, erosion control blankets and 
placement of sod on construction sites. 
 

¾ Use proper species and native plant materials to stabilize soil and minimize need for 
maintenance. 
 

¾ Develop a chemical herbicide management plan which specifies proper calibration, timing 
and proper application in sensitive areas.  
 

¾ Use wildflowers and other native plant materials rather than mowing and employing the use 
of chemicals to control vegetation. 

 
Snow and Ice Removal / Storage of Winter Materials 
 
Proper planning, calibration of equipment, appropriate application, and proper storage of winter 
materials has benefits for both public safety and water quality protection.  Many factors affect the 
application rate, ratio of salt/abrasive mixture and frequency of treatment.  Some of these factors relate 
to the type of road, traffic level on the road, storm conditions, and pre and post storm temperature.  
Accurate calibration of equipment can assure that the rate of deicing agents spread on the road surface 
is conducted at the rate that is most beneficial for snow and ice removal. Research at Cornell 
University found “error rates” of 40% or more when equipment was not properly calibrated.  
 
Winter material storage should be constructed to prevent winter materials from entering the 
environment by properly designing, siting and constructing a storage building.  Developing proper 
material handling procedures and undertaking routine housekeeping in the storage yard can reduce 
potential water quality impacts from improperly stored winter maintenance materials.  Until an 
environmentally benign deicing technique is developed, sensible sand and salt application rates should 
be the ultimate goal of winter road maintenance.  Highway departments should incorporate the 
following recommendations into their winter material management and application practices: 
 

¾ Each highway department, regardless of whether or not they maintain NYSDOT roads 
should create Snow and Ice Operational Plans for all areas within their community.   
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Winter Material Storage 
 

¾ Make all storage facilities permanent structures and fully enclosed storage structures for all 
materials.   
 

¾ Mix, handle and load all winter materials in covered areas or where stormwater and brine 
controls are in effect and properly functioning.  
 

¾ Install drainage and stormwater conveyance systems around the perimeter of storage areas 
to prevent salt and sediment losses to groundwater or nearby waterways.  
 

¾ Wash salt trucks only in areas designed to collect all resulting runoff.  
¾ Remove spilled salts and excess materials remaining in trucks, yard or on roads after every 

storm.  
 

¾ Conduct a more specific, on-site assessment of all storage facilities in the Croton Watershed 
and determine a priority list for upgrades and improvements. 

 
Equipment Calibration and Application Rate 
 

¾ Routinely check the calibration of spreading equipment throughout the winter season.  
According to the Salt Institute, an industry advocacy group, optimal application rates range 
from 300 – 800 pounds of salt per two-lane mile, depending on the road material and 
temperature, storm, and existing and anticipated conditions. 
 

¾ Undertake routine collection system cleaning to reduce water quality impacts and prevent 
catchbasin back-ups. Efforts such as street sweeping and collection of sand and salt from 
roads, ramps, gutters, paved ditches and shoulders following storms can significantly 
reduce the amount of material washed away.   
 

¾ Clean and perform routine maintenance on catchbasins and throughout the stormwater 
system throughout the winter season. 
 

¾ Test emerging technologies such as the examples below. 
 
The State of Vermont has been utilizing a “Smart Salting” initiative where they install 
temperature gauging equipment on plows that detect road temperature rather than relying 
on ambient air temperature for determining application rates.  This technique has been in 
operation for over 2 years and has saved the state a considerable amount of money without 
compromising public roadway safety.  Toronto Canada has embedded sensors that look like 
hockey pucks into the road surface. The sensors send information regarding pavement 
temperature, moisture content, air temperature and wind speed to road weather information 
stations. That data is then sent to a central computer monitored by city staff to help them 
determine when to deploy salting equipment. The "pucks" project hopes to reduce the 
amount of salt used on Toronto roads by 10-25% over the next few years. 

 
New Project Review and Inspection 
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¾ Guidance from Cornell Cooperative Extension’s Local Roads Program suggests that when a 
municipality pipes or confines the flow of the natural watercourse it may be responsible for 
damage resulting from a constricted flow. Failure to consider all accurate runoff 
characteristics in a drainage area could result in negligence associated with downstream 
impacts. Consideration of the design and actual capacity of an existing stormwater 
conveyance system should be factored into the site review process wherever increased 
imperviousness and increased peak volume result in a watershed. 

 
¾ Local review processes should encourage applicants to consider flows from existing 

upstream locations that may not be captured by underdeveloped stormwater systems when 
designing new collection system capacity. 
 

¾ The ownership and maintenance responsibility for basins should be worked out prior to 
basins being turned over to the town or a homeowners association.  A mechanism should be 
developed to provide the funding for basin maintenance in either situation. 
 

¾  New or modified connections to storm sewers should occur only upon determining whether 
or not the system is properly designed and constructed to handle the additional flow.   
 

¾  Identify the appropriate authorities within the watershed to determine the best approach to 
work across political boundaries to simplify the new project review process in order to 
develop consistency between political boundaries. 
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Appendix A:  Highway Interview Response Summary 
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Appendix B:  New York City Rules and Regulations Affecting Road, Highway and Housekeeping 
Practices 

 
 

NYC DEP Watershed Rules and Regulations Affecting Road, Highway and Housekeeping 
Practices 

 
Provision, Provision 
#/ Page # in Rules 
and Regulations  

Provision Description 

Hazardous Substances and 
Hazardous Wastes 18-32 
(b),(d) / R&R pg. 42-43  

(b) New storage facilities, new tanks and new process tanks, as defined and regulated 
under 6 NYCRR Part 596 are prohibited within 100 feet of a watercourse or wetland or 
within 500 feet of a reservoir, reservoir stem. 
(d)Provision (b) shall not apply to non-complying regulated activities (including 
replacement of existing storage tanks), storage of hazardous waste related to a wastewater 
treatment plant approved by NYCDEP and storage of hazardous substances where such 
storage is made necessary by construction of a new facility or alteration/modification of 
an existing facility in connection with the operation of a public water supply system. 

Hazardous Substances and 
Hazardous Wastes 18-32 
(c) / R&R pg. 42 

Owner or operator of a new facility or a new or substantially modified tank and an 
existing facility which is regulated under 6 NYCRR Part 596 and is located between 100 
and 250 feet of a wetland or watercourse must submit registration forms, notification 
forms and spill prevention reports to NYC DEP.  In the event of an emergency if new 
tanks are installed or modifications are made to existing tanks, the owner or operator must 
notify NYCDEP within two hours of any action taken. 

Petroleum Products 18-34 
(b) / R&R pg. 45 

New aboveground and underground storage facilities, which require registration under 6 
NYCRR, or new tanks which expand the capacity of existing facilities are prohibited 
within 100 feet of a watercourse or wetland or within 500 feet of a reservoir, reservoir 
stem. 

Petroleum Products 18-34 
(c) / R&R pg. 46 

New home heating oil tanks within 100 feet of a watercourse or wetland or within 500 feet 
of a reservoir, reservoir stem are prohibited from being installed underground. 

Petroleum Products 18-34 
(d) / R&R pg. 46 

New aboveground and underground tanks of 185 gallons or more which are neither home 
heating oil tanks nor located at facilities requiring registration under 6 NYCRR are 
prohibited within 25 feet of a watercourse or wetland or within 300 feet or a reservoir, 
reservoir stem unless applicant demonstrates that limiting distances preclude the 
continuation of an existing business or the continued identical use of the existing facility. 

Petroleum Products 18-34 
(d) / R&R pg. 46 

New aboveground and underground tanks of 185 gallons or more which are neither home 
heating oil tanks nor located at facilities requiring registration under 6 NYCRR are 
prohibited within 25 feet of a watercourse or wetland or within 300 feet or a reservoir, 
reservoir stem unless applicant demonstrates that limiting distances preclude the 
continuation of an existing business or the continued identical use of the existing facility. 

Solid Waste 18-41 (b)/ 
R&R pg. 78 

Discharge of solid waste directly into any watercourse, wetland, reservoir, reservoir stem 
is prohibited. 

Solid Waste 18-41 (c) / 
R&R pg. 78 

Only construction and demolition debris that is recognizable uncontaminated concrete, 
asphalt pavement, brick, soil, stone, trees or stumps, wood chips or yard waste may be 
used as fill in the watershed. 

Snow Disposal, Storage 
and Use of Winter 
Highway Maintenance 
Materials 18-45 (a) / R&R 
pg. 80  

Whenever feasible snow shall not be disposed of directly into a watercourse, wetland, 
reservoir or reservoir stem.  However, this provision shall not be construed to require an 
owner or operator to transport removed snow in a vehicle for offsite disposal. 

Snow Disposal, Storage 
and Use of Winter 
Highway Maintenance 
Materials 18-45 (b) / R&R 
pg. 80 

No snow disposal activity shall be considered to be a non-complying regulated activity. 
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Snow Disposal, Storage 
and Use of Winter 
Highway Maintenance 
Materials 18-45 (c) / R&R 
pg. 80 

Commercial, industrial, governmental or institutional entities shall be restricted to the use 
of the substances defined in the NYCR&R as winter highway maintenance materials and 
to use the minimum amount needed of such substances in order to protect the public 
safety. 

Snow Disposal, Storage 
and Use of Winter 
Highway Maintenance 
Materials 18-45 (d) / R&R 
pg. 80-81 

Commercial, industrial, governmental or institutional entities that store winter highway 
maintenance materials in quantities of 1000 pounds or more that contain greater than 8 
percent chloride compounds shall store such materials in structures constructed on low 
permeability storage pads.  Any outdoor areas used for loading, handling or mixing of 
winter highway maintenance materials shall be constructed and maintained to prevent 
seepage and runoff from entering any watercourse, wetland, reservoir, reservoir stem. 

Snow Disposal, Storage 
and Use of Winter 
Highway Maintenance 
Materials 18-45 (e) / R&R 
pg. 81 

All commercial, industrial, governmental or institutional entities that store winter highway 
materials in quantities and composition not otherwise subject to 18-45(d) shall store 
materials in a manner that minimizes runoff into any watercourse, wetland reservoir, 
reservoir stem.  Runoff may be controlled by use of control measures such as berms and 
covers. 

Snow Disposal, Storage 
and Use of Winter 
Highway Maintenance 
Materials 18-45 (f) / R&R 
pg. 81 

A winter highway maintenance material storage facility may be enlarged provided that the 
enlarged facility is in compliance with the storage requirements set forth in section 18-45.  

Stormwater Pollution 
Prevention Plans and 
Impervious Surfaces 18-39 
(a)(1)/R&R pg. 66 

Construction of an impervious surface within 100 feet of a watercourse or wetland or 300 
feet of a reservoir or reservoir stem is prohibited. 

Stormwater Pollution 
Prevention Plans and 
Impervious Surfaces 18-39 
(a)(2)/R&R pg. 66 

Limiting distances regarding location of impervious surface does not apply to construction 
of new individual residences, agricultural activities, diversion projects, WWTP 
modification, construction of bridges or crossings of watercourses or wetlands, pending 
approval from NYC DEP. 

Stormwater Pollution 
Prevention Plans and 
Impervious Surfaces 18-39 
(a)(3)/R&R pg. 66 

Limiting distances regarding the location of impervious surfaces does not apply in the 
East of Hudson designated main street areas. 

Stormwater Pollution 
Prevention Plans and 
Impervious Surfaces 18-39 
(a)(4)/R&R pg. 67 

Outside a designated main street area, the limiting distances regarding location of an 
impervious surface do not apply to construction of a new road or driveway or expansion 
there of.; creation of an impervious surface within a designated village center, expansion 
of an existing impervious surface within 100 feet of a watercourse or wetland at an 
existing commercial or industrial facility provided that the expansion does not exceed 25 
percent of the existing impervious area. 

Stormwater Pollution 
Prevention Plans and 
Impervious Surfaces 18-39 
(a)(6)/R&R pg. 68 

Construction of new road or driveway or expansion of an existing road include 
exceptions, prohibitions, permit requirements, etc. 

Stormwater Pollution 
Prevention Plans and 
Impervious Surfaces 18-39 
(a)(7)/R&R pg. 69 

Requirements for creation of impervious surface within a designated village center. 

Stormwater Pollution 
Prevention Plans and 
Impervious Surfaces 18-39 
(a)(9)/R&R pg. 70 

Construction of a bridge or crossing of a watercourse or wetland which does not require a 
permit from a regulatory agency other than NYCDEP shall require the review of 
NYCDEP and shall be constructed to prevent adverse impacts on water quality 

Stormwater Pollution 
Prevention Plans and 
Impervious Surfaces 18-39 
(a)(10)/R&R pg. 71 

Maintenance of existing impervious surfaces that are non-complying regulated activities 
do not require the review and approval of NYCDEP. 

Stormwater Pollution 
Prevention Plans and 

Requirements to create an impervious surface in a designated main street area. 
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Impervious Surfaces 18-39 
(a)(11)/R&R pg. 71 
Stormwater Pollution 
Prevention Plans and 
Impervious Surfaces 18-39 
(b-e)/R&R pg. 71 

Stormwater Pollution Prevention Plans- when required, preparation requirements, 
NYCDEP review processes, etc. 

Hazardous Substances and 
Hazardous Wastes 18-
32(a)/R&R pg. 43 

Discharge or storage of hazardous substances/wastes 

Petroleum Products 18-
34(a)/ R&R pg. 45 

Discharge or storage of petroleum products 

Petroleum Products 18-
34(e)/ R&R pg. 46 

Exemptions for non-complying regulated activities; storage of petroleum products for 
agricultural purposes; replacement of existing storage facilities or tanks, etc. 

Miscellaneous Point 
Sources 18-40(a)(b)/R&R 
pg. 77 

Discharge or storage from industrial facilities including vehicle washing facilities and any 
new point source not regulated elsewhere in the NYCDEP Rules and Regulations 

Pesticides 18-
43(a)(b)/R&R pg. 79 

Discharge, storage or use of pesticides and development of pesticide standards. 

Fertilizers 18-44(a-f)/R&R 
pg. 79 

Application, storage and discharge of fertilizers 
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Appendix C:  Stormwater Best Management Practices 
 
Selecting proper Stormwater Best Management Practices (BMPs) is critical in order to reduce the 
pollutants generated from stormwater runoff.  In selecting the most appropriate BMPs for a specific 
site, consideration should be given to the following: 
 

• the site’s physical condition and development status; 
• runoff control benefits provided by each BMP option; 
• the pollutant removal capability of each BMP option under several design scenarios; 
• the environmental and human advantages of each BMP option; and 
• the long-term maintenance cost of the BMP. 

 
Stormwater BMPs are generally grouped into four categories.  These categories are based on the 
mechanism used to reduce the amount of polluted runoff.  They include stormwater basins, infiltration, 
vegetation and pollution prevention (source controls). 
 
Stormwater Management Basins - Stormwater management basins are most popular and effective in 
reducing suspended solids by temporarily holding runoff and allowing sediment to settle.  Basins also 
serve an additional function of reducing flooding and stream bank erosion through delaying the amount 
of water released into receiving water bodies.  This reduces the stress on the physical habitat.   
 
With proven success in controlling runoff, properly designed, constructed and maintained basins can 
reduce suspended solid concentrations by 50 to 95 percent (depending on the type of basin).  These 
basins can be incorporated into site plans for new development, and will enhance the value of the 
surrounding property. 
 
Finding suitable land for a basin is often difficult and constructing basins in developed areas may not 
be possible. One solution may be to convert detention basins previously installed for flow control into 
extended detention or retention basins. The existing detention basins can usually be economically 
retrofitted for longer detention time.  
 
Typical removal rates for pollutants after detention times of 48 hours or more are:  

• sediment - 90 to 95 percent  
• total phosphorus - 45 to 50 percent  
• nitrogen - 35 to 40 percent  
• organic matter - 45 to 50 percent  
• lead - 90 to 95 percent  

      (Source: Metropolitan Washington Council of Governments, 1987).  
 
There is a significant reduction in pollutant removal effectiveness for detention times of less than 24 
hours (e.g., after 12 hours detention time, sediment drops to 60 to 65 percent removal, nitrogen 
drops to 20 to 25 percent removal, and lead drops to 70 to 75 percent removal). 
 
Stormwater management basins are generally of three types: 
 

• Detention Basins – Designed to hold water for 24 hours or less, detention basins are used for 
flood and erosion control.   They remain dry and available to catch water following large 
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storms. While intended to control water quantity, they can be retrofitted to improve water 
quality. 

• Extended Detention Basins - These basins catch stormwater and retain it for 24 to 48 hours, 
remaining dry at other times. They remove pollutants by trapping sediment particles and 
allowing them to settle, along with nutrients and pollutants that have adsorbed to the particles. 

• Retention Basins - Designed to hold water permanently, retention basins, or wet ponds, can be 
highly efficient in removing sediment and nutrients through biological activity such as algal 
growth.  This allows for dissolved nutrients, in addition to those adsorbed to sediment particles, 
to be removed from the water column. 
 

Routine maintenance is required for basins. Solids should be removed regularly to ensure proper 
function (see page 9 for specifics on sediment removal).   Excessive amounts of accumulated solids 
can be expensive to remove. 
 
Infiltration Devices - Infiltration devices allow runoff to percolate into the ground, reducing the 
amount of pollutants released through stormwater runoff into surface waters.  Nutrients and pollutants 
(particularly suspended solids, bacteria, heavy metals, and phosphorus) are trapped in the upper soil 
layer through filtration and adsorption, which keeps them from reaching ground water. 
 
Infiltration devices have the potential to remove nearly all of runoff pollutants, depending on the 
percolation rate and area, soil type, pollutants present, and available storage capacity.  Success also 
depends on the volume and rate of rainfall.  Infiltration devices can also provide a great benefit in 
developed areas by effectively reducing the volume of runoff. 
 
Site limitations for infiltration basins are the following: 

• poor site conditions such as impermeable soils 
• a high water table 
• bedrock  

 
These characteristics can lessen the effectiveness, or cause failure of infiltration devices. These devices 
must also be installed carefully to prevent soil compaction from heavy machinery, and they require 
such pretreatment devices as grass filter strips to remove coarse sediment from the infiltration surface. 
Operation and maintenance are also critical. Many infiltration BMPs have failed from lack of 
maintenance. Devices must be designed for ease of access, maintenance, and operation. 
 
Infiltration devices fall into the following categories: 
 

Infiltration Basins - An infiltration basin is a natural or excavated large open depression. It 
temporarily stores runoff until the water percolates through the bottom or sides. Excess runoff can 
overflow through elevated outlets to maximize the storage volume. Because runoff usually 
percolates in a day or two, these basins can be dry. 
 
Infiltration Trenches and Dry Wells - Similar in design, infiltration trenches and dry wells are 
excavated holes filled with coarse stones and then covered. Dry wells are used primarily for roof 
drainage; trenches are used on larger areas such as streets and commercial parking lots. In both 
designs, runoff infiltrates into the surrounding soil or is collected by perforated underground drain 
pipes and routed to an outflow. Infiltration trenches preserve the natural hydrology of an area and 
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can fit on small sites. However, they require considerable maintenance and can contaminate 
groundwater under certain conditions. 
 
Sand Filters - Sand filters may be placed underneath parking lots, alleys or driveways, and take up 
no usable space on the surface. This is an advantage in the ultra-urban environment. To use sand 
filters, drainage areas must be stabilized against erosion. Designed mainly to enhance water quality, 
sand filters also can be used to control first-flush water quantity in smaller drainage areas. 
 
Porous Pavement - Most practical for parking lots and low volume roads and driveways, porous 
pavement increases infiltration of water into the soil, maintaining the water balance at nearly the 
same level as before the land was paved. Runoff rapidly permeates the pores of several layers of 
different permeable materials and filters the pollutants into the underlying subsoil or perforated 
drain pipes. The rate of pollutant removal depends on the amount of runoff and underlying soil 
type. 

 
A study by the Metropolitan Washington Council of Governments found that porous pavement 
removes as much or more suspended sediment and other pollutants (i.e. phosphorus, nitrogen, 
bacteria, lead, and zinc) as retention basins. Porous pavement can also moderate runoff rate and 
volume so that drainage patterns remain normal, improving erosion control and enhancing water 
quality. However, the success of porous pavement is dependent on proper design and maintenance.  
Porous pavement will eventually clog and should be routinely vacuumed. Certain types do perform 
better in milder climates than that of Westchester County, so the selection of the type of pavement 
is also important.  

 
Oil/Grit Separators - Also known as water quality inlets, oil/grit separators are designed to 
remove sediment and hydrocarbons from runoff before it is released to the storm drain network or 
infiltration system. Runoff passes through long, rectangular concrete chambers - modified to 
remove sediment, grit, and oil - before exiting through a storm drain pipe. 

 
Oil/grit separators have a limited ability to remove pollutants because of short detention times and 
the possibility that pollutants removed during one storm could re-enter runoff from later storms. 
They can, however, remove coarse-grained sediments from urban runoff and treat runoff before it 
enters underground filtration systems. They are unobtrusive, compatible with storm drain networks, 
and easily accessed for maintenance.  The functional benefit of oil/grit separators is dependent on 
faithful periodic maintenance. 

 
Vegetative Controls - Vegetative BMPs can aid water quality improvement in the following ways: 

• decrease the velocity of stormwater runoff 
• promote infiltration and settling of suspended solids 
• prevent erosion  
• remove organic material, nutrients, and trace metals. 

 
Vegetative controls enhance the attractiveness and value of sites and are less costly than other control 
practices, but they should not be a site’s only control practice.  The ultimate performance of vegetative 
controls depends on the site’s physical features.  The effectiveness of plant material also varies 
according to season.  Plant material must be selected carefully and regularly maintained. Using 
vegetative controls to pre-treat runoff improves the operation and maintenance of other BMPs.  
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Several types of vegetative controls are as follows: 
 

Basin Landscaping - Landscaping can improve a stormwater basin’s effectiveness in removing 
pollutants. Landscaping around a basin reduces the amount of impervious surface area, provides an 
attractive, green buffer along stream banks, and protects and enhances the use of existing wetlands. 
Proper landscaping can route stormwater runoff through green areas and away from erosion-prone 
steep slopes and other areas. 

 
An aquatic bench is a littoral area, usually six to 12 inches deep and ten feet wide around the 
perimeter of a pond, which promotes marsh habitat for filtering and nutrient removal.  
Establishment of an aquatic bench with vegetation is important for many reasons.  While most 
emergent plants withdraw nutrients from the sediments rather than the water column, associated 
algae, which are attached to the plants or shallow sediments, are capable of soluble nutrient 
removal. Shallow, organic-rich waters in the marsh fringe provide an ideal environment for 
bacteria and other microorganisms that reduce organic matter and nutrients. The marsh fringe also 
provides a habitat for predacious insects that can serve as a natural population control for 
mosquitoes and other nuisance insects. From an aesthetic standpoint, the fringe of aquatic 
vegetation conceals trash and floatable debris, and disguises and stabilizes the pond shoreline, 
which is sometimes barren due to fluctuating water levels.  Types of vegetation that can be used 
include:   

 
Aquatic vegetation may include duck potato (Sagittaria latifolia), common three square (Scirpus 
pungens), softstem bulrush (Scirpus validus), sweet flag (Acorus calamus), button bush 
(Cephalanthus ocidentalis), rose mallow (Hibiscus moscheutos), rice cutgrass (Leerisa 
oryzoides), spatterdock (Nuphar luteum), arrow-arum (Peltandra virginica), pickerel weed 
(Pondederia cordata), and lizards tail (Saururus cemuus).  
 
The fringe immediately above the aquatic bench may be planted with tall fescue (Festuca 
elatior), river birch (Betula nigra), black willow (Salix nigra), arrowwood (Viburnum sp.), silky 
dogwood (Cornus amomum), and possumhaw (Ilex decidua). 
 
Basin landscaping can incorporate more innovative techniques, such as the use of bioengineering 
materials, like coconut (coir) fiber logs and matting, for the establishment of an aquatic bench or 
floating biofilter.  An aquatic biofilter acts as a mini-floating wetland.  It is designed to promote 
filtration and settling of sediments while water passes through it, and is usually placed at an inlet or 
outlet to a water body.  It incorporates the use of coir logs that float on the water’s surface and 
provide a medium for planting of aquatic vegetation 

 
Grassed Swales - Grassed swales are depressions, such as gullies, that infiltrate and transport 
runoff water. They are often used in residential developments and on highway medians as an 
alternative to curb and gutter drainage systems. 

 
Swales control peak discharges by reducing runoff velocity. The swale allows some runoff to 
infiltrate the soil, thus diminishing the volume of water passing downstream. Swales are easy to 
construct, attractive, and a potential habitat for wildlife. However, effectiveness varies 
considerably from site to site; swales may encourage mosquitoes, ragweed, dumping, and erosion. 
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Filter Strips - While similar to grass swales, filter strips are shallower and distribute runoff across 
a wider area. Their efficiency depends on strip length, slope, and size; soil porosity; normal runoff 
velocity; and vegetation type. Grassy strips supplemented with shrubs and small trees increase the 
ability to absorb and retain nutrients. 

 
Riparian Reforestation - Trees planted near stream banks can provide shade, reduce water 
temperature and stabilize soil, thereby decreasing the release of sediment from stream banks and 
into streams and also providing a benefit to many forms of aquatic life. 

 
Pollution prevention - Local governments should establish ongoing programs to reduce the generation 
and exposure of pollutants.  These source-reducing programs are usually called pollution prevention 
programs.  Pollution prevention controls can have aesthetic or economic benefits, as well as generate a 
sense of community. 
 
Pollution prevention controls - also known as nonstructural controls - include land use planning and 
zoning strategies, as well as public education efforts. Activities such as storm drain stenciling, 
recycling, and household hazardous waste collection all offer high value for the initial investment.  
Another example of a source control includes incentives to use public transportation. 
 
In most cases, pollution prevention is more cost effective than structural BMPs in reducing pollutant 
loading. However, a combination of source reduction efforts and structural BMPs is generally needed 
to fully control the effects of urbanization. Source reduction practices require a combination of 
education, regulation, and guidance to be effective. (For more discussion on issues related to citizen 
involvement and education, see the chapter on education and outreach.)  Listed below are common 
pollution prevention controls communities can consider. Local governments can: 

• collect and recycle crankcase oil; 
• establish a program for seasonally cleaning out and maintaining catch basins; 
• redesign road salting programs to minimize the salt quantity and, where feasible, use an 

alternative deicer; 
• educate the public about the hazards of fertilizers and pesticides used in commercial lawn care 

and grounds maintenance operations and the alternative organic treatments; 
• start remedial erosion control programs; 
• educate the public on how to reduce litter and properly dispose of pet wastes and household 

pollutants; 
• remove illegal and improper industrial and commercial connections to storm drains that 

discharge directly into receiving waters without prior treatment; and 
• plug or seal abandoned wells and cisterns that are conduits for nonpoint source groundwater 

pollution. 
 
Other administrative strategies for protecting health and the environment may include hazardous waste 
restrictions or contingency plans and source prohibitions (i.e. barring storage or use of dangerous 
materials in a defined area).  Many jurisdictions also offer hazardous waste amnesty days, which 
provide residents with the opportunity to properly dispose of hazardous waste. 
 
Many commercial and industrial users produce hazardous wastes that can, without careful mitigation, 
threaten water quality. They include dry cleaners, auto service stations, industrial plants, trucking and 
railroad facilities, and airports. Other activities - such as agriculture, junkyards, machine shops, 
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landfills, and septic systems - also use hazardous materials.  These types of uses should be strictly 
limited or prohibited in sensitive areas, and mitigation criteria should be extensive. 
 
MAINTENANCE 
 
II. Routine maintenance 

 
Mowing - The upper stage, side-slopes, embankment and emergency spillway of basins should be 
mowed once or twice a year to discourage excessive woody growth. Soggy conditions can make 
mowing costly and difficult within the pond unless a two-stage design is used. The use of native or 
introduced grasses, which are water-tolerant, hardy and slow-growing are recommended, such as 
tall fescue, crown vetch, and switchgrass. 

 
Inspections - Basins should be inspected on an annual basis to ensure that the structure operates in 
the originally intended manner. Inspections can be conducted by municipal personnel or 
contractors/consultants hired by neighborhood associations or other entities, depending on 
ownership and other conditions (e.g., an extended detention basin at a corporate park could be 
inspected by a professional hired by the landowner with inspection reports forwarded to the 
municipal engineering, building or public works department, as appropriate). 

 
When possible, inspections should be conducted during wet weather to determine if the pond is 
meeting the targeted detention times. In particular, the control device should be regularly 
inspected for evidence of clogging, or conversely, for too rapid a release. Outlets should be 
checked for erosion problems. Other problems which should be checked include: subsidence, 
erosion, cracking or tree growth on the embankment; the condition of the emergency spillway; the 
accumulation of sediment around the rise; the adequacy of upstream/downstream channel erosion 
control measures; erosion on the basin’s bed and banks; and modifications to the basin or its 
contributing watershed that may influence basin performance. 

 
Debris and Litter Removal - Debris and litter may accumulate near the control device and should 
be removed during periodic mowing operations. Particular attention should be paid to floatable 
debris that can eventually clog the control device or riser. 
 
Erosion Control - The basin side slopes, emergency spillway and embankment all may 
periodically suffer from slumping and erosion, although this should not occur often if the soils are 
properly compacted during construction. Regrading and revegetation may be required to correct 
any problems. 

 
Nuisance Control - Standing water or soggy conditions within the lower stage of extended 
detention basins can create nuisance conditions for nearby residents. Odors, mosquitoes, weeds and 
litter are all occasionally perceived to be problems in extended detention basins. Most of these 
problems are generally a sign that regular inspections and maintenance are not being performed 
(e.g., mowing, debris removal, clearing the extended detention control device). 
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A. Non-Routine Maintenance 

 
Structural Repairs and Replacement - Eventually, the various inlet/outlet and riser mechanisms 
in a basin will deteriorate and must be replaced. Some local public works experts have estimated 
that corrugated metal pipe (CMP) has a useful life of about 25 years, whereas reinforced concrete 
barrels and risers may last from 50 to 75 years. No stormwater management basins have been in the 
ground for more than 25 years in the WAC 4-study watershed; as a result, there is not much local 
experience in this area. However, since the various water works constitute about 25 percent of the 
initial construction cost, their replacement will be a significant future expense.  

 
Sediment Removal – Even when properly designed, stormwater management basins will 
accumulate significant quantities of sediment over time. Sediment accumulation is a serious 
maintenance concern for several reasons. First, the sediment gradually reduces available 
stormwater storage capacity within the basin. The best available estimate is that approximately one 
percent of the storage volume capacity associated with the two-year design storm can be lost 
annually. Thus, as much as 20 percent of the basin’s total storage capacity can be lost within 20 
years. Even more storage capacity can be lost if the basin receives large sediment input during the 
construction phase. Second, unlike retention basins (which have a permanent pool to conceal 
deposited sediments), sediment accumulation can make detention and extended detention basins 
very unsightly. Third, and perhaps most importantly, sediment tends to accumulate around basin 
control devices. Sediment deposition increases the risk that either the orifice or the filter medium 
will become clogged, and also gradually reduces storage capacity reserved for pollutant removal. 

 
For these reasons, accumulated sediment may need to be removed by those responsible for its 
maintenance about every five to 10 years for extended detention basins and about every 10 to 20 
years for retention basins. More frequent spot clean-outs may be needed around the control 
device for some designs. Sediment removal operations are relatively simple if access for heavy 
equipment is provided. Front-end loaders or backhoes can be used to scrape off the bulk of the 
accumulated sediment, followed by manual removal of sediment deposited around the control 
device. The disturbed area should be immediately stabilized with vegetation after removal 
operations are completed to prevent the control device from clogging again. If an on-site disposal 
area is not available, then transport and landfill tipping fees may double or even triple the total cost 
of sediment removal operations. 
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Appendix D:  Highway Department Staff and Equipment Resources 
 

Town Highway Department Staffing and Equipment Resources 
 
 Staff Existing Equipment and 

Machinery 
Additional Equipment 
needs 

Bedford 27 total 
24 union   
21 on road 

5 underscrapers 
2 loaders 
2 street sweepers 
2 road graders 
1 flusher truck for pipes 
14 big trucks; 2 back hoes. 

Prefer to rent others. 

Cortlandt 45 total 2 VacAll for catchbasins 
3 Front end loader 
3 Sweepers 
3 backhoe 
1 bobcat 
10-15 snow plow 
1 grader 
1 aerial bucket truck 
2 mowers 
1 roll-away box 

Flat bed trailer to haul 
equipment 

Lewisboro 17 total 
15 road crew 

1 catch basin vacuum truck 
(bought last year for $135K) 

None identified 

Mt. Kisco 23 total  8 HW;  
10 sanitation; 
2 mechanics 
2 maintenance 

1 vacuum truck 
1 backhoe 
1 front-end loader 
6 dump trucks 
4 garbage trucks 

Vacuum truck that can clean 
sewer lines as well; chipper 

New Castle 18 11 mason dump 
9 dump/sander 
8 4x4 pickup/suburban 
2 Vac-all 
1 backhoe 
1 loader 
1 vac sweeper 
1 sewer cleaner 
1 roller 
1 tractor 
2 chipper 

None identified 

North Castle 27 total 
20 crew members 

2 sweepers 
7 leaf machines 
3 wood chippers 
3 front-end loaders 
2 back hoes 
1 trailer 
1 wing plow truck 

Catchbasin cleaner (vacuum): 
currently rent this. 
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Staffing and Equipment Resources (Cont.) 
 

   

 Staff Existing Equipment and 
Machinery 

Additional Equipment 
needs 

North Salem 12 total 
Increases to 24 in 
winter. 

Excavator with buckets 
Grader  
Reclaimer for dirt roads 
(brings material in)   
1 Bobcat   
16 snow plows/sanders   
2 trailers. 

Another bobcat 

Pound Ridge 13 total 
11 road crew 

2 loaders 
2 mowers 
1 road sweeper 
1 catchbasin cleaner (old and 
needs repair) 
8 dump trucks 
1 wood chipper 
1 backhoe 
1 paver 

Catch basin cleaner; 
updated dump trucks 

Somers  19 total staff;  
17 outside crew 
members; sometimes 
hire extras for winter 
plowing and summer 
paving, but after Floyd, 
kept them year round 
because so much work 
was needed. 

  Excavator for cleaning 
detention ponds   

 
Catch basin sweeper  

Yorktown 32 plus secretary:  
Highway 
Superintendent and 
Deputy, 4 foremen, and 
28 crew 

1 street sweeper 
Full paving equipment (pave 
35000 tons per year)  
2 vacuum trucks, etc. 

None identified, has 
everything he needs 

Westchester 
County 

80 None identified. None identified. 

New York State 
Department of 
Transportation 

33 total 
21 on road 

Over 50 items: ie. jet truck, 
All-vacuum truck, catch-basin 
vacuum 

None identified. 
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