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EXECUTIVE SUMMARY 

The Artichoke Watershed Protection Plan was undertaken by the Newburyport Water Works in 

order to develop a set of GIS based watershed maps. Using this format, these maps can be 

readily updated given future changes in the watershed to evaluate potential water quality and 

water quantity impacts from changing land use patterns. System characteristics and watershed 

characteristics are discussed in Sections 1.0 and 2.0. The plan is then divided into seven 

summaries following the MA DEP guidance. The summaries are provided in Sections 3.0 

through 5.0. 

In general, the Artichoke Reservoir is relatively undeveloped. Future goals for maintaining or 

improving water quality as outlined in the plan include: 

• Development of public education programs to encourage BMP's for lawn care and 

farming practices 

• Identification of a water quality monitoring plan 

• Possible development of a watershed protection committee for the development of inter­

municipal agreements and future stewardship within the watershed 

• Prioritization of existing land parcels for future protection efforts (purchase, conservation 

easements, etc.) 

The plan helps emphasize Newburyport's longstanding commitment to having multiple barriers 

of protection for their drinking water supply. 
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1.0 INTRODUCTION 

1.1 Purpose 

This Surface Water Supply Protection Plan (SWSPP) was developed for the Upper Artichoke 

Reservoir, the Lower Artichoke Reservoir, and the Indian Hill Reservoir. The intent of the plan 

is to protect these sources and their watershed, to prevent, eliminate and control negative impacts 

on the drinking water quality for the Newburyport Water Works service area. The service area 

includes the communities of Newburyport, West Newbury, and Newbury. This SWSPP Is 

funded by a grant from the State of Massachusetts, under their protection initiative. 

The Lower Artichoke Reservoir, Upper Artichoke Reservoir, and Indian Hill Reservoir 

watersheds are susceptible to contamination from agricultural (farms, livestock, fertilizer, 

pesticides, manure), commercial (bus and truck terminals), residential (lawn care) and 

miscellaneous (aquatic wildlife) uses. Appendix A provides the Department of Environmental 

Protection (DEP) Surface Water Assessment Program Report (SWAP), which addresses the 

watersheds susceptibility to contamination. 

The areas in the watershed that are susceptible to contamination are: 

• The surface drinking water sources, the Upper Artichoke Reservoir, the Lower Artichoke 

Reservoir, and the Indian Hill Reservoir. 

• The Lower Artichoke Reservoir intake 

• Zone A, which includes all area 400 feet from the reservoir and 200 feet from all 

tributaries 

• Zone B, which includes all area 0.5 miles from the reservoir 

• Zone C, which includes the remaining watershed area not designated as Zone A or Zone 

B 

Protection Plans have many benefits dependant on current watershed conditions, public 

involvement and political requirements. The benefits can include: 
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• Increased protection of reservoir water quality and protection for consumers against 

waterborne diseases 

• Possible treatment cost .savings regarding filtration and disinfection 

• Minimizing the production of disinfection byproducts 

• Good public relations (being proactive instead of retroactive) 

• Consumer education on reservoir protection 

Source water protection programs typically include the following basic elements 

• Delineating source water protection areas and defining watershed characteristics 

• Identifying potential sources of contamination within the watershed 

• Implementing measures to manage/control these sources 

• Planning for the future 

This SWSPP consists of: 

• A summary of the existing water supply system, which is discussed in this section. This 

summary familiarizes the reader with the operational conditions within the Reservoir 

system at the time of this report. 

• Geographic Information Systems (GIS) mapping, which is discussed in Section 2. The 

mapping will help locate land uses, land characteristics and .other activities. It will also 

help to access and prioritize possible threats to the Reservoirs and their watershed. 

• Seven SWSPP summaries, which are included in Sections 3 through 5. The summaries 

will help identify what the most detrimental impacts are and what potential 

issues/impacts that may occur when establishing controls in the watershed, establishing a 

management program, and educating the public on protecting the reservoir for the future. 

1.2 Existing Water Supply 

The Newburyport Water Works currently receives its water supply from two wells (Well #1, off 

Ferry Road west of I-95 and Well #2, off Ferry Road east of I-95) and three reservoirs (Indian 

Hill Reservoir, Upper Artichoke Reservoir, and Lower Artichoke Reservoir). The surface water 

resources are depicted in Figure 2-1 contained in Section 2 of this report. 
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In general, water from the Indian Hill Reservoir flows, via a connecting stream, to the Upper 

Artichoke Reservoir and then to the Lower Artichoke Reservoir. The Lower Artichoke Pump 

Station pumps water to the Spring Lane Treatment Plant. Treated water then flows from the 

treatment plant to a clearwell and then to the Spring Lane Pumping Station, which pumps the 

water to the distribution system. Well #1 pumps to the clearwell and Well #2 pumps directly 

into the distribution system at Ferry Road. More detailed reservoir information is included in 

Section 1.3. 

According to Newburyport Water Works' Water Management Act Permit, the following 

volumes, in million gallons per day (MGD), of water are permitted to be withdrawn from the 

water supply system. 

Original Permitted Volume: 2.20 MGD 

From 6/5/95 to 11/30/99 2.38 MGD 

From 12/1/99 to 11/30/04 

From 12/1/04 to 11/30/09 

From 12/1/09 to 11/30/14 

2.43 MGD 

2.47 MGD 

2.49 MGD 

The Upper Artichoke Reservoir and Lower Artichoke Reservoir are both supplied by the same 

watershed. Land areas in the watershed include parts of West Newbury (75%), Newbury (15%) 

and Newburyport (10%). The reservoirs were formed from land along the Artichoke River. 

Two dams were constructed and land was cleared along the waterway making it possible to 

provide a new public water supply. It is believed that the topsoil was not removed before 

flooding the area. Numerous previous reports indicate that shallow depths and abundance of 

aquatic vegetation may be a result of the reservoir construction method. 

The Indian Hill Reservoir is located entirely within West Newbury. This additional water supply 

was added to the system during the 1970s. Vegetative growth does not appear to be as severe in 

this reservoir. The lack of in-filling and vegetation growth correlates to deeper water depths and 

less impact from surrounding land use activities. 
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Land use around the reservoirs is primarily residential with some agricultural practices and 

forests throughout. Zoning districts for industrial and commercial businesses are limited to a 

small area. Although overall land use within the watersheds does not appear to pose much of a 

threat to the water quality, the combination of inputs from the variety of land use practices 

observed in the watershed may contribute to water quality degradation over time. Increased 

vegetation and algae growth have been observed within the reservoir system. The highest 

concentrations appear in the northeast and southwest comers of the Upper Artichoke Reservoir. 

It should also be noted that DEP has recently approved Bartlett Spring Pond as another source. 

The Newburyport Water Works plans to pump water from this pond to the treatment plant, 

mixing it with water from the Lower Artichoke Pump Station. This requires new pumping 

facilities for Bartlett Spring Pond, and is currently planned for incorporation in to the City's 

water supply system. 

1.3 Surface Water Supply Evaluation 

The Department of Environmental Management (DEM) Office of Dam Safety issued an 

Inspection/Evaluation Report on the Newburyport Water Works surface water supplies in April 

2001. DEM performed visual inspections of the dams to determine their structural stability and 

overtopping potential. Additionally, Fay, Spoffard & Thorndike (FST) prepared a Water Works 

Master Plan in July 2001. In June 1998, a Firm Yield Study was completed by Metcalf & Eddy 

ofWakefield, Massachusetts. Information from those reports is summarized below. 

1.3.1 The Indian Hill Reservoir 

The Indian Hill Reservoir is the largest of the three reservoirs, with a total capacity of 800 

Million Gallons (MG). The reservoir is man-made and was completed in 1979. Withdrawal 

began in 1980. Water from the Indian Hill Reservoir either spills over its dam or is released 

through the outlet structure, which has two intakes. When the upper intake is utilized, the 

useable reservoir storage is 477 MG. When the lower intake is activated, an additional 323 MG 

is available for withdrawal. The intakes discharge water to a stream that flows to the Upper 

Artichoke Reservoir. The Indian Hill watershed is approximately 785 acres. 
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The DEM report indicates that the Indian Hill Reservoir impounds approximately 60 acre-feet of 

water at normal pool. The reservoir has an earthen dam, which is 30 feet high by 300 feet long 

by 13 feet wide at the crest. There is a service road that allows transverse access. The upstream 

slope has 4 feet of freeboard and is protected from wave accelerated erosion with rip-rap. The 

downstream slope has vegetative cover. Recent work along the access road has not substantially 

changes these conditions. Associated with the earth dam are two dikes of similar construction 

along with a gatehouse. Two outlet control valves exist at mid-level and the other at low-level. 

There are two spillways associated with the structure. The primary outlet is a drop inlet 

approximately 15 feet in circumference. Additionally and there is a sharp-crested overflow weir 

at the gatehouse. Both outlets discharge at the toe via large concrete conduits minimizing any 

possibility.of erosion or sources of turbidity. 

1.3.2 The Upper Artichoke Reservoir 

The Upper Artichoke Reservoir has a capacity of 266 MG, and is separated from the Lower 

Artichoke Reservoir by a dam. Under normal conditions, water spills over the dam into the 

Lower Artichoke Reservoir. However, when water level in the Upper Artichoke Reservoir is 

below the spillway elevation, an outlet structure maintains flow to the Lower Artichoke 

Reservoir. 

The DEM report indicates that the Upper Artichoke River Dam impounds 700 acre-feet of water 

at normal pool (spillway crest) storage, and 1,500 acre-feet at maximum pool (top of dam). The 

Upper Artichoke Dam is a concrete structure approximately 200 feet long and about 9 feet high. 

The top width of the dam is about 4 feet. The dam has a spillway located at the center of the 

dam. The spillway is about 150 feet iong and has a crest width of about 3.3 feet. The height 

from the spillway crest to the top of the dam is about 2. 7 feet. There is a gatehouse located on 

the right end of the dam that houses the control mechanism for a low-level outlet. The low-level 

outlet is 16-inches in diameter and functions as a transfer line from the upper reservoir to the 

lower reservoir. The low-level line is used to ensure that enough flow passes from the upper 

reservoir to the lower reservoir to supply the pump station located about 2,600 feet downstream. 
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1.3.3 The Lower Artichoke Reservoir 

The Lower Artichoke Reservoir is the smallest of the three reservoirs, with a capacity of 62.4 

MG. Its dam spillway is three feet lower than the Upper Artichoke Reservoir spillway. Water is 

pumped from this reservoir to the treatment plant. 

The DEM report indicates that the Lower Artichoke River Dam impounds 339 acre-feet of water 

at normal pool (spillway crest) storage, and 456 acre-feet at maximum pool (minimum elevation 

of the top of dam). The Lower Artichoke Dam is an earthen embankment approximately 500 

feet long and about 16.2 feet high. The top of the dam varies in width from 10 to 15 feet. The 

dam has a concrete spillway located at the right center (looking downstream) of the dam. The 

spillway is about 60 feet long and about 3.3 feet wide. The height from the spillway crest to the 

top of the abutment wall is about 5. 7 feet. The pump station located on the downstream, right 

bank, transfers flow to a water treatment plant via a 16-inch diameter intake line. The lower dam 

has a low-level outlet of unknown diameter at the right end of the spillway that has not been 

operational for many years. 

The combined watershed of the two Upper and Lower Artichoke Reservoirs is approximately 

3,200 acres. 

1.4 Firm Yield 

Average water withdrawal from the entire water system (groundwater and surface water 

supplies) is approximately 2.24 MGD. The safe yield estimates are as follows: 

Normal Conditions: 

I 

Surface Water Supplies (Reservoirs): 1.85 MGD 

Groundwater Supplies (Wells) 1.06 MGD 

Subtotal 2.91 MGD 
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Additional: 

Indian Hill Lower Intake: 0.3 MGD 

Subtotal 3.21 MGD 

Future: 

Bartlett Spring Pond: 0.27MGD 

TOTAL: 3.48 MGD 

It should be noted that the Newburyport Water Works reservoir system has a usable storage to 

yield ratio of 127 MG per square mile of drainage. This is lower than the operating guideline 

ratio for maximum utilization of 150 - 200 MG per square mile. Additional yield may be 

developed by pumping overflows of spills from the lower reservoirs back to the Indian Hill 

Reservoir (M&E, 1998). 

The watershed receives approximately 46 inches of rain annually (M&E, 1998). Much of the 

watershed is heavily vegetated. Soils within the watershed areas immediately surrounding the 

reservoirs consist of poor permeability deposits derived from glacial till. Several small areas of 

moderate pern1eability exist as Quaternary alluvium in the smaller drainage areas. However, 

these reworked glacial deposits are generally underlain by silty clayey glaciomarine deposits. 

Surface water inputs are predominantly responsible for impacts to the Artichoke Reservoir 

system with minor inputs from groundwater. 

1.5 Water System Demand 

In the "Water Works Master Plan", prepared by FST, average day demand, maximum day 

demand, peak hour demand, and Plum Island demand were estimated. For information purposes, 

these tables have been recreated here. 

The following table shows average day demands for 2000 and projected average day demands 

for 2020. 
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Table 1-1 

Current and Future Demands 

Location 2000 Average Day 2020 Average Day 

Demand (MGD) Demand (MGD) 

Newburyport 

Domestic/Municipal/Unaccounted-for 1.60 1.77 

Commercial/Industrial! Agricultural 0.46 0.69 

Newbury 0.10 0.14 

West Newbury 0.11 0.11 

Subtotal 2.27 2.71 

Plum Island 0.46 

Total 2.27 3.17 

The following table presents the projected water demands during maximum day and peak hour 

scenanos. 

Table 1-2 

Average Day, Maximum Day, and Peak Hour Demands 

Demand Actual2000 Projected 2020 Projected 2020 Total Projected 

Scenario Demands Newburyport Plum Island 2020 Demand 

Water Works · Demand 

Demand 

Average Day 2.27 2.71 0.46 3.17 

Maximum day 4.11 4.91 1.14 6.05 

Peak Hour 5.65 6.78 1.93 8.71 

An analysis of the available water supply and the projected 2020 demand indicates that there will 

be sufficient water to supply an average day demand. 
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1.6 Treatment Process 

The Newburyport Water Works operates a water treatment system at the Spring Lane Water 

Treatment Plant (WTP), which is located on Spring Lane in Newburyport, adjacent to the 

Merrimack River. The WTP treats water from the surface water supplies only. The treatment 

train at the Spring Lane WTP is summarized below: 

• Raw water enters from the Lower Artichoke Reservoir 

• Sodium hydroxide (caustic soda) is added for pre.,.pH adjustment (when required) 

• Aluminum sulfate is added for coagulation and destabilization of color and particles (25-

50 mg!L of 50% solution) 

• The water enters a rapid mix, flocculation and sedimentation process to coagulate and 

settle particles 

• The water continues to a Mixed media (anthracite, sand and garnet) filtration process to 

remove fine suspended particles not previously removed by settling 

• Water is then chlorinated in a 500,000-gallon clearwell for disinfection (typically 1.5 to 

2.5 mg/L of 15% solution) 

• Water is then fluoridated (sodium fluoride) for dental care (1.0 mg/L) 

• Phosphoric acid is added for corrosion control (typically 3.0 to 4.5 mg/L of75% solution) 

• Sodium Hydroxide (caustic soda) is added for post-pH adjustment 

• Treated Water enters the distribution system. 

Appendix B includes a schematic of the treatment process and Consumer Confidence Reports 

(CCR) for 2001,2002 and 2003. 

0:\NEWBURYPORT MA\ARTICHOKE WATERSHED\ARTICHOKE RES DRAFT RPT2.DOC 
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2.0 DELINEATION AND MAPPING 

Several maps were created for this SWSPP. The maps were generated using the ESRI 

(Environmental Systems Research Institute) software ArcView/Arclnfo version 8.3. These maps 

are compatible with currently available data held in the Massachusetts Geographical 

Informational System (Mass GIS) database. These maps follow Mass GIS guidelines and 

delineate pertinent information and attributes of the Artichoke and Indian Hill Reservoirs. Maps 

developed for this project are discussed in each section of the report with watershed 

characteristics discussed below. Additional GIS mapping is provided in Appendix C showing 

stormwater collection points and locations for digital photographs taken of the Reservoir 

conditions. 

2.1 Watershed Characteristics and Land Uses 

In addition to standard zoning bylaws, the City of Newburyport enforces an overlay protection 

district for land that falls within the Water Resources Protection District (WRPD). The WRPD 

includes three zones that fall within the water supply watershed. An overlay protection district to 

the Newburyport Zoning Bylaws for these zones was developed to provide protection to the 

watershed above and beyond the existing bylaws and minimize contamination threats. The 

overlay districts are consistent with the state's guidelines for the .protection of surface water 

resources and follow regulations set forth in 310 CMR 22.20 B&C. The primary protection zone 

is Zone A which contains land within 400 feet from the mean high water level of the reservoirs, 

as well as a 200 foot protection set back from all tributaries. Zone B, the second protection zone, 

includes all land within one-half mile ofthe surface water. Finally, Zone Cis the remaining land 

in the watershed not designated as Zone A or B. Limits on land use such as individual sewage 

disposal, storage of animal manure unless covered or contained, earth removal, industrial or 

commercial uses that discharge process wastewater on site, and storage of petroleum products 

are provided in the description of acceptable land use practices for Zone A and B. Further 

restrictions within Zone A include surface or subsurface discharges without special permit, 

swimming, bathing, boating, and storage of animal manure. Similar protection is afforded by 
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excluding facilities that generate, treat, store, or dispose of hazardous wastes, and construction of 

any permanent structures other than those associated with flood control. 

Figure 2-1 shows these watershed characteristics, and other pertinent information (from 1999 

land use information from MassGIS datalayer) to show where the areas most vulnerable to 

contamination are located. Information shown on Figure 2-1 includes: 

• Three Surface Drinking Water Sources (Indian Hill Reservoir, Upper Artichoke 

Reservoir, and Lower Artichoke Reservoir) 

• Intake locations 

• Tributaries to each Reservoir 

• Zones A, B, C for the three reservoirs 

The groundwater resources for Newburyport are located to the northeast of the watershed and 

fall outside of the mapped area for the Artichoke Reservoir. 

A second figure depicting additional land use characteristics was also developed. Although DEP 

guidance suggests these features should be represented on a single map with the information 

described above, the separate data set and map graphics were required to avoid confusion. Thus, 

Figure 2-2 provides the following watershed features: 

• 100-year floodplain at surface water sources 

• Major existing Land uses 

• Agricultural Activities 

• Major roads, railroads, airports within protection zones 

No permitted solid waste facilities exist within the watershed. Additionally, Zone A does not 

contain any known hazardous waste sites. Records do not exist to target problem areas for 

failing septic systems as defined by Title V or for domestic storage of fuel oils in Underground 

Storage Tanks (USTs). 
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2.2 Protected Open Space and Local Zoning 

Protected open space parcels are areas upon which activities are restricted for the purpose of 

environmental and water supply protection. Parcels receive this designation through easements, 

conservation restrictions and other protective mechanisms. Open space, protected parcels, and 

current zoning is shown in Figure 2-3. The water supplier, Conservation Commission, non-profit 

land trusts, state agencies, or private parties may own this land. Identifying protected parcels 

within a watershed helps locate future land acquisitions or areas where deed restrictions should 

be applied. Criteria used to protect parcels may jnclude: distance to water supply or tributary, 

zoning, slope, soil type, extent of bordering wetlands, wildlife, and proximity to other protected 

parcels. 

Existing and future zoning regulations can play an important role in protecting any watershed. 

Based on current Newburyport Zoning Bylaws, within the Artichoke Reservoir watershed two 

zoning classifications exist. These classifications include Residential One (R -1) and 

Agricultural/Conservation (Ag/C). Because these zones abut or are close to the surface water 

boundaries, activities in these areas are critical to water quality in the reservoir. 

Dimensional requirements need to be considered as they impact development density or the 

number of people per acre. Obviously, the lower density is assumed to have fewer potential 

threats to water quality. Residential lots within R-1 zones must be at least 20,000 square feet. 

However, residential lots currently existing in this zone have an average size of approximately 

12,418 square feet (Fay, Spofford & Thorndike, 2003). 

The Ag/C zones require 13,000 square feet, except those uses, which include cattle, horses, 

sheep, goats, dogs and poultry. These lots must have a minimum of 5 acres. Interestingly, hogs 

are not included in this agricultural description. Because runoff from agricultural uses 

potentially contains heavy loads of nutrients and/or bacteria, efforts should be made to limit or 

eliminate impacts from these practices. Recommended approaches include placing vegetated 

buffer strips along the waters edge to preclude direct contact as well as elimination of drainage 

ditches or runoff structures directly feeding the reservoir. 
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Although these practices and other BMP's may best be addressed through education and 

voluntary efforts, modification of the current zoning bylaws or the WRPD previously discussed, 

is warranted. 
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Protection of water resources through land use controls continues to be an issue in West 

Newbury. A specific resource protection district has not been adopted although 

population/development densities are significantly less in West Newbury. This is true partially 

because resident and agricultural properties are size restricted. Specifically, Residential A lots 

are required to be a minimum of 80,000 square feet with slopes of less than 20 percent. 

Wetlands resources cannot.exceed 75 percent for these parcels. Residential B and C zones 

require smaller lot sizes of 40,000 and 20,000 square feet, respectively. Although lot sizes alone 

may not be an issue; permitted land uses within these areas is a concern. Prohibition or 

restrictions on commercial/industrial practices should be extended to include a restriction on 

agricultural activities or excessive application of herbicides, pesticides or fertilizers. In addition, 

soil erosion through construction or other land surface modifications (e.g. drainage ditches, etc.) 

should be excluded. 

Industrial zoned areas for West Newbury make up a small percentage of the permitted zoning 

districts and generally exist east of Interstate 95. Lot sizes here are 60,000 square feet. As the 

uses allowed within this area do no preclude businesses which may store or handle oil and 

hazardous materials, close monitoring of this area is warranted. Monitoring may include visual 

inspections as well as surface and subsurface sampling. Future development should include 

specific monitoring requirements as conditions to zoning approvals. 

The current Groundwater Protection Overly District (GPOD) in West Newbury affords some 

protection for Newburyport's water resources. This GPOD covers the west shore of the Lower 

Artichoke Reservoir. However, extension of land use controls present in this bylaw to Zone A 

and Zone B areas for the Artichoke and Indian Hill Reservoirs and contributing drainages would 

dramatically improve the overall resource protection. With regard to primarily residential areas 

abutting the Indian Hill Reservoir, public education and regulation of subsurface disposal 

~\ systems consistent with Title V requirements should be undertaken at a minimum. 

0:\Newburyport MA\Artichoke Watershed\Artichoke Res draft rpt2.doc 
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3.0 INVENTORY 

Creating an inventory involves summarizing and prioritizing private and ~ublic land uses and 

activities, which are, or may be, an impact to Newburyport Water Works' reservoir system. The 

result of this process is the creation of seven "summaries", as follows: 

• Summary #1- Impacts, including a summary of water supply impacts from existing land 

uses, future land uses, recreational activities, wildlife, and in-lake problems. 

• Summary #2 - Watershed Sampling Plan, which is the creation of a sampling plan to 

gauge the success of the watershed protection efforts. 

• Summary #3- Municipal Land Use Improvements, which is a plan for land purchase or 

control through deed restrictions/easements. This summary also discusses land use 

improvements such as relocating municipal facilities. 

• Summary #4- Public, Wildlife, In-Lake Control, which is the development of a plan to 

control public access and wildlife access within the reservoir. This summary also 

addresses in-lake management, such as procedures for controlling algae blooms within 

the reservoir. 

• Summary #5 - Regulatory Control, which is an evaluation of the current water supply 

protection regulations and an analysis of actions needed for water supply protection 

• Summary #6 - Emergency Planning, which is a discussion of the status of the emergency 

response plan and procedures. 

• Summary #7 - Education, which is the development of a year-round program of activities 

targeted at various audiences within the Newburyport Water Works service area. This 

summary also presents communication and coordination with other communities, for 

more efficient protection efforts. 

The first two summaries are included below. 

3.1 Summary #1 - Impacts 

The following summary is divided into a discussion of the types of impacts to the Artichoke 

Reservoir Watershed and the actions needed to mitigate, reduce or eliminate these potential 

impacts. 
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3 .1.1 Land Use Impacts 

Identifying potential pollution $OUrces is the first step to reduce or eliminate existing impacts and 

prevent future problems. Potential sources are summarized below: 

• On-site Septic Systems - Presently there are approximately 173 homes in Zone A of the 

watershed. Since West Newbury does not have town sewer, all homes in West Newbury 

have septic systems. All homes in Newburyport are connected to city sewer. Population 

density is low over the majority of the watershed because of residential zoning 

requirements for large lot dimensions. Large lots provide space for septic systems, 

reducing environmental impacts and preventing a need for sewer systems. Subdivisions 

along Turkey Hill Road that do have high population density already use sewers, thereby 

reducing or eliminating any potential pollution from entering the water supply. Unless 

the bylaws change for residential zoning within the watershed, additional sewers will not 

be required. 

• Municipal Facilities and/or uses - Municipal uses include the Spring Lane Pumping 

Station and Treatment plant. 

• Agriculture - Approximately 25 percent (860 acres) of the Artichoke Reservoir 

watershed can be categorized as agricultural. Within the Indian Hill Reservoir watershed 

approximately 21 percent (107 acres) is agricultural (Fay, Spofford & Thorndike, 2003). 

• There are no airports, boat yards, dry cleaners, furniture stripping facilities, industrial 

lagoons or pits, landfills, industry or manufacturing plants, laboratory operations, 

machine shops or metal working, photography labs, printers, railroads, sand and gravel 

mining, septage lagoons or sludge disposal, superfund sites, wastewater treatment 

facilities, or commercial facilities within the watershed. 

• Junkyards- The Newburyport Water Works are not aware of any junkyards within the 

watershed. However, to be sure that no junkyards exist, Newburyport Water Works will 

perform a windshield survey of the watershed, during the fall after all leaves are off the 

trees and before the first snowfall. 
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• Road Maintenance Shops - Massachusetts Highway has a road maintenance facility at 

the DPW yard on Scotland Road. For more information, see the SWAP, which is 

included in Appendix A. 

• Salt Storage- Interstate 95 and many local roads pass through the watershed with some 

running along shores of the reservoirs. Road salt is a major source of pollution that can 

easily be carried into the water body. Runoff containing high sodium chloride (NaCl) 

concentrations can change water chemistry and cause health risks. As a result of sanding 

the roads, a small sandbank has developed on the west shore of the Upper Artichoke 

Reservoir, where a stream carrying runoff from Middle Street enters the Reservoir. The 

Massachusetts Highway facility on Scotland Road does store sodium-based salt, which is 

completely covered by a barn. The Town of West Newbury also uses sodium-based salt. 

The Newburyport Water Works reports that there is no sodium or chloride problem issue 

in the reservoir. 

• Vehicular Service Station - Massachusetts Highway has a vehicular service station at the 

DPW yard on Scotland Road. For more information, see the SWAP, which is included in 

Appendix A. 

• Underground Storage Tanks (USTs) - No state-regulated USTs were found within the 

watershed. However, residential USTs are not regulated by the state and may go 

undetected. Residential development along Turkey Hill Road creates concerns for USTs 

for home heating fuel. The State DPW yard on Scotland Road in Newbury has three 

underground storage tanks. One is at the Mass Highway building, at the "Road and 

Maintenance Depot" and is for refueling vehicles. The other two are at "Salter 

Transportation" and are for Bus refueling. For further information on these tanks, see the 

SWAP, which is included in Appendix A. 

• Gasoline Station- Massachusetts Highway has one refueling facility at the DPW yard on 

Scotland Road. For more information, see the SWAP, which is included in Appendix A. 

• The use of Phosphorus Detergents - There is no use of phosphorus detergents in the 

watershed, with the exception ofhome use. 

• Forestry Practices or Uncontained storage of fertilizer, manure, or road salt/sand- There 

is some forestry practices within the Indian Hill watershed. Approximately one acre is 

forested east of the reservoir. 
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• Parking Lots - Parking lots are a source of pollution from runoff, which can contain 

hydrocarbons. However, there are not enough parking lots in the watershed to be 

concerned about. 

• Suspected Direct Stormwater discharges to the reservoir -After a site survey around the 

reservoir stormwater discharges were located. Stormwater collection points in 

Newburyport are shown on Figure C-1 in Appendix C. All stormwater collection 

systems in Newburyport discharge downgradient of the reservoir. 

• Untreated Stormwater runoff- This is a problem throughout the watershed, as many 

roads intersect the watershed and the reservoirs and there is no formal detention and 

treatment of stormwater runoff. The maps show problem areas of storm water runoff. 

• Hazardous Material Spills - There are two release sites in the watershed, as listed by the 

Bureau of Waste Site Cleanup. One is on Scotland Road in Newbury and the other is at 

164 Indian Hill Road in West Newbury. Both releases were oil contamination. For 

further information on these spills, see the SWAP, which is located in Appendix A. 

• Erosion - Erosion is just one control that is presently reviewed by the Conservation 

Commission and Planning Board when a new development within their jurisdiction is 

being constructed. Erosion and sediment control standards should be adopted in a bylaw, 

and contractors should be made aware of best management practices in handling erosion, 

sediment, and runoff. 

3.1.2 Public Access I Recreational Impacts I 

Recreational activities allowed in and around the reservoirs are limited to hiking and fishing 

(boating and swimming are not allowed). The impacts of these activities are generally low but 

can create a non-point source of pollution if trails along the edge of the water supply are not 

maintained properly, causing soil erosion. Also, recreational users may leave trash behind. 

Public skating and ice fishing is allowed. Also, firearms are not prohibited within the watershed. 

Signs around the reservoirs state "No Fishing or Boating". There are no public restrooms or 

parking for Trailheads or recreation. Horse traffic does occur around the Indian Hill Reservoir, 
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along the access road. Public education programs should focus on the DEP regulation requiring 

animals to be kept at least 100 feet away from reservoirs and their tributaries. 

Barrels located throughout the watershed are emptied daily by Newburyport, Newbury, and West 

Newbury Departments of Public Works. This action creates a .lower risk for litter. The 

Newburyport Water Works has indicated that there is no designated hiking trails around the 

reservoirs or in the watershed, although some woods paths do exist and are used by local 

residents or fisherman. However, if a formal hiking trail system is created, a committee should 

be established to oversee those hiking trails. 

3 .1. 3 Wildlife Impacts 

Farm animals, domestic pets, and wild animals can be carriers of waterborne diseases such as 

Giardia, Cryptospridium, and Salmonella. Animal populations to monitor include dogs, horses, 

cattle, geese, beaver, muskrat, and deer. Forestland comprises approximately 1,802 acres of the 

land within the Watershed. Riparian corridors and large wooded lots in the watershed provide 

wildlife with shelter and access to food and water. 

Farm animals within the watersheds include dairy cows at a farm abutting the Upper Artichoke 

Reservoir on Rogers Street and horses throughout the watershed (notably located adjacent to the 

Indian Hill Reservoir on Moulton Street). These properties create concern for runoff during 

rainfall events and Spring thaw because of their close proximity to the surface water. Physical 

barriers such as fencing, change in vegetative cover or modification of trails or farm boundaries 

should be considered to maintain a minimum setback of 100 feet between water bodies and 

domestic or farm animals. The relatively undeveloped Artichoke Watershed has few major land 

use concerns as compared to reservoir systems in urban settings. However, current agricultural 

practices is one area where direct education and implementation of BMP's could be easily 

undertaken and would help to eliminate threats to water quality from the current practices. This 

should be a distinct, targeted goal of the watershed protection activities. 
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In 2002, the Newburyport Water Works and DEP discussed beaver activity in the watershed. 

Two separate requests were made by the Newburyport Water Works to DEP. The first was for 

beaver that were blocking the main inflow to Artichoke Reservoir. This inflow from the Indian 

Hill Reservoir crosses Pikes Bridge Road though a four-foot diameter concrete culvert. An 

inspection of this area was conducted in September 2002 by Hilary Jean of the DEP in order to 

determine if the beaver activity posed a "threat to a public water supply" according to the 

provisions of G.L. Chapter 139, section 80A. His observations confirmed the existence of an 

active beaver population in the area of this culvert that represents the main inflow of water from 

Indian Hill Reservoir to the Artichoke Reservoir. 

In accordance with its authority under 321 CMR 2.08(9) the DEP determined that the presence of 

beavers at the culvert at Pikes Bridge Road posed an immediate threat to the public water supply 

and public health, and the DEP concurred with Newburyport Water Works' application to 

.. \ eliminate the threat. 
,, 

The Newburyport Water Works pursued the appropriate measures with the West Newbury Board 

of Health and Conservation Commission to allow the removal of the appropriate beaver 

population. In the late fall of 2002, the beaver dam along Pikes Bridge Road was successfully 

breached and 12 beavers were removed from the watershed. Beavers continue to exist within the 

watershed and will require careful monitoring in the future. Wildlife management techniques 

will be applied if future activities threaten water quantity or water quality. 

The second request was for beaver activity at Bartlett Spring Pond. This pond had been used in 

the past as water supply for the Newburyport Water Works and is currently listed as an 

emergency supply for the system. This supply has not been used in many years and is not likely 

to be used this year. DEP, therefore, did not consider the presence of beavers in this area to be a 

threat to the Newburyport Water Works public water supply. DEP did note, however, that the 

Newburyport Water Works is intending to upgrade the status of Bartlett Spring Pond to a 

permanent water supply. The presence of beaver at the pond at that time would be considered a 

threat to the water supply and DEP encouraged the Newburyport Water Works to remove these 
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beavers by a method and in a time period consistent with the regulations and policies of the 

Division ofFisheries and Wildlife. 

Endangered species also need to be monitored for potential impacts on them due to surrounding 

activities. The National Heritage of Endangered Species Program maintains a list of rare and 

endangered species known to have existed in the last 25 years throughout Massachusetts. Rare 

and endangered species that are common to the watershed in Newburyport, Newbury, and West 

Newbury are as follows: 
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Amphibian 

Blue-Spotted 
Salamander 

. Four-Toed 
Salamander 

Eastern 
Spadefoot 

Beetle 

Twelve-Spotted ·. 
. Tiger Beetle 

Purple Tiger 
Beetle 

Elderberry 
Long-Horned 
Beetle 

Bird 

Upland 
Sandpiper 

American 
Bittern 

Table3-1 

Rare and Endangered Species 

. Dwarf Scouring 
Piping Plover Barn Owl Snail ·· .. Rush 

Northern Golden-Winged New England . Estuary 
Harrier Warbler Siltsnail Pipewort 

Dragonfly I Coastal Marsh Andrews' Bottle 
Sedge Wren Damselfly Snail ·Gentian 

Common Coppery New England 
Moorhen Emerald Vascular Plant Blazing Star 

: Seabeach 
·Bald Eagle Fish > Needlegrass Seabeach Dock · 

Pied-Billed · Shortnose .. ··. Eaton's Beggar-
Grebe Sturgeon Ticks Swamp Dock 

Vesper ··.Atlantic · Estuary Beggar- Plymouth 
Sparrow Sturgeon Ticks Gentian 

Estuary 
King Rail Reptile Saline Sedge Arrowhead 

Long-Styled 
Least Tern Spotted Turtle Pygmyweed Sanicle 

.. Engelmann's 
Umbrella-

Roseate Tern Wood Turtle ·· .. Sedge River Bulrush 
I 

Blanding's 
Common Tern Turtle , Hairy Wild Rye Long's Bulrush 
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3.1.4 In-lake Impacts 

Vegetation is a primary concern for water quality in the Upper and Lower Artichoke Reservoirs. 

In some areas the surface water can become clogged with vegetation. The heaviest growth is 

found in the southwest and northeast comers of the Upper Artichoke Reservoir and throughout 

the Lower Artichoke Reservoir. 

At the Indian Hill Reservoir, the littoral zone, or portion of the lake shallow enough to support 

rooted aquatic plants, is relatively small. As a result, one patch of weeds can be found in the 

southeast section of the reservoir. 

Algae is another potential problem for water quality in the reservoirs. At times, the reservoirs 

have been covered by large floating colonies of algae blooms. Algae blooms are characteristic of 

a "eutrophic lake", which is a good indication that nutrient levels are high and water quality is 

poor. Nutrients can enter through runoff from surrounding land or from failing septic systems. 

Vegetation that dies at the end of each growing season may also contribute to increased nutrient 

loads as well as sediment deposition in shallow water environments. 

Currently, The Newburyport Water Works tests, monthly, for color, pH, turbidity, alkalinity and 

temperature. The Newburyport Water Works does not test its reservoirs for phosphate, 

phosphorus, nitrate, or iron and do not currently collect algae samples or depth samples. 

3.2 Summary #2- Watershed Sampling Plan 

A properly developed watershed protection plan will reduce the impact on the environment and 

improve the water quality in the public water supply. The plan should include approaches that 

Newburyport Water Works can use to reduce impacts on water quality. 

A watershed sampling plan has been recommended for the Newburyport Water Works. The plan 

is as follows: 

• For each of the three reservoirs, perform a select bathymetric survey in the shallow 

embayments in each reservoir. This data should be compared with the survey performed 
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by Metcalf and Eddy in 1998, to evaluate in filling or deposition rates for reservoir 

bottom sediment. If infilling of sediment is occurring an action plan should be created 

and implemented in order to protect against further sedimentation of the reservoir system 

or to undertake limited dredging operations on a periodic (e.g. 10 year) cycle. 

• The first year (July 2003 through July 2004), at the deepest point in each reservoir, 

perform quarterly sampling at 2-foot depth intervals and perform field analysis for pH, 

dissolved oxygen, conductivity, turbidity, color, and temperature. Additionally, samples 

should be collected for laboratory analysis of Nitrate, Nitrite, Iron, Manganese, 

Alkalinity, Ammonia Nitrogen and Phosphorus. After the first year, sampling can be 

performed twice a year, in the spring and summer, to determine changing conditions. 

This sampling will require a boat. 

• The first year, at the six locations shown on Figure 3-1 perform monthly surface water 

quality sampling for temperature, pH, dissolved oxygen, conductivity, turbidity, and 

color. The sample should be taken 12-inches below water surface. The laboratory should 

also test the sample for fecal coliform, Nitrate, Nitrite, Iron, Manganese, Ammonia 

Nitrogen and Alkalinity. This sampling can be performed from the shoreline. After the 

first year, sampling can be performed bi-monthly to watch for any changing conditions. 

If conditions remain the same sampling events can continue on a quarterly basis. 

• During a storm event, take a sample of the "first flush," within the first four hours of a 

storm event, of stormwater discharge points. This sample should be tested for turbidity; 

Nitrate, Nitrite, Phosphorus, and fecal coliform. 

• Additionally, the town should perform groundwater monitoring at locations adjacent to 

septic systems on built parcels (following a review of Board of Health records). This 

groundwater sampling should be performed twice a year, in the spring and in the fall. 

The recommended sampling plan is intended to collect data aggressively during the first year. 

This is to determine baseline information for each reservoir. The sampling plan in subsequent 
I 
J years will be less intensive, but will still provide sufficient data to analyze water quality in the 

reservoir system. 

0:\NEWBURYPORT MA\ARTICHOKE WATERSHED\ARTICHOKE RES DRAFT RPT2.DOC 

3-10 Weston & Sampson 



-, 
FIGURE 3-1 

SAMP LI NG PLAN 
ARTICHOKE RESERVOIR 

LEGEND: 

Artichoke Boundary ~ 
® Proposed Sampling Locations N 

T - Tributary 
s - Surface Water in-take 

s w - Stormwater 
800 1,600 3,200 

/ 



4.0 PROTECTION 

Protection involves developing actions and time frames for those actions, to address the land 

uses and activities that were prioritized for action in Section 3. 

4.1 Summary #3 - Municipal Land Use Improvements 

4.1.1 Multi-Community Coordination 

Since the watershed is located in multiple townships a multi-community coordination plan would 

provide mutual benefit to Newbury, West Newbury and Newburyport, as all three receive water 

from the same reservoir system. Protection of the water supply for current and future users 

depends on the ability of the three communities to work together and develop a protection plan 

that establishes regulatory controls for land use activities. 

Following this plan, Newburyport Water Works recently submitted a Notice of Intent (NOI) to 

the ·West Newbury Conservation Commission. The NOI summarized the Newburyport Water 
I 
~ Works protection plan for the Indian Hill Reservoir. 

I 
. ) 

In addition the City of Newburyport must be the lead proponent of water supply protection. 

Ongoing discussion regarding a Memorandum of Understanding (MOU) to be accepted by all 

three communities should be continued. At a minimum, the MOU should include the following 

coordinated activities: 

• Zoning bylaws -The town of West Newbury has a bylaw for its wells, but it does not 

include language for surface water protection. The Lower Artichoke Reservoir does 

receive protection through the aquifer protection bylaws, due to the close proximity of 

the wells to the reservoir's edge. The City of Newburyport should work with West 

Newbury to extend the WRPD for the remaining land with both watersheds. The city 

should also encourage both Newbury and West Newbury to enact watershed protection 

bylaws in accordance with DEP model bylaws. 
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• Construction Site Inspections - Water Quality Impacts can be reduced through the use 

of proper construction site BMP's and by adding structural BMP's to the developed 

site. Address causes of soil loss and vegetative loss, storm water flow, and disturbance 

to wildlife habitation. BMPs can include the use of silt curtains and hay bales, 

controlling vehicle speeds to reduce dust, retention/detention ponds, rotating work 

schedules, slope protection, grass strips, and diversion trenches. 

• Road Maintenance - All three communities should coordinate to reduce salt and sand 

being applied to the roads during winter months. Signs should be posted along roads 

that receive limited salt and sand applications. Road maintenance in the spring and 

summer, such as street sweeping, removing debris, and repairing potholes, will reduce 

pollution and sediment input into the reservoir at road crossings. Preparing an erosion 

control plan will reduce pollution. 

• Wildlife Maintenance - Near the water supply boundaries and at the treatment plant 

intake, regular observations of wildlife activities should be made. Water quality 

monitoring should be conducted in areas where wildlife is observed to be most active to 

determine if harmful impacts are occurring. Based on water sampling results, 

appropriate plans to deter or relocate the wildlife activity can be developed. 

• Agriculture BMPs - If necessary, farm animal waste practices such as manure bunkers 

or lagoons should be constructed to properly handle and store waste. By applying 

animal waste or manure at the proper time of year, runoff to waters during snowmelt 

will be minimized. Although evidence of agricultural misuse is not evident, crop 

rotation and conservation tilling should also limit agricultural impacts on the watershed. 

• Public Education - Educating the landowners, particularly abutters to the reservoirs 

should help address impact issues within the watershed. An outreach program 

consisting of direct mailings is recommended. Residential landowners under this 

program could be targeted regarding effective fertilizer applications and septic system 

maintenance. Public education is discussed more in Section 5. 

• Emergency Response Plan - An emergency response plan can be the difference 

between a contained spill and a contaminated water supply. In the event of a hazardous 

spill, a detailed plan should be in place and followed, including notification of 
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authorities from the Water Department, local Fire Departments, and DEP. Emergency 

Response Planning is discussed more in Section 4.4. 

Each community should have an opportunity to review and comment on proposed developments 

and on bylaw changes affecting the watershed. 

4 .1. 2 Land Acquisition I Conservation Easements Within the Watershed 

Parcels of land that have been identified as open space should be targeted for purchase or deed 

control for water supply protection efforts. This could be done with coordinated efforts with 

local city boards and private land trusts, and through negotiating with landowners for the first 

right of refusal, gift or purchase. Grants should also be pursued by the city of Newburyport and 

the town of West Newbury Open Space Committees. 

The Master Plan, prepared by FST in July 2001, recommended a total of $325,000 per year 

should be budgeted for purchasing land and development rights. Newburyport Water Works 

feels that $100,000 per year may be more realistic, to be put into an open space fund. 

In order to establish a conservation priority list for each parcel that may affect the drinking water 

supply with the watershed, a system was set up to classify each parcel into four different priority 

levels, as discussed below and seen in Figure 4-1. 

"High" priority parcels have a high potential impact on the reservoir. It is recommended that the 

Newburyport Water Works purchase or obtain similar control measures (i.e. deed restrictions) 

for these parcels as soon as possible in order to prevent further development of the land. 

Indicated by red parcels. 

j "Moderate" priority parcels have potential impact to a reservoir due to their proximity to the 

reservoir or a feeder stream. It is recommended that these parcels establish a 50-foot to 100-foot 

J conservation restriction zone along the waterway. The size of the conservation restriction zone 
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FIGURE 4-1 
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should be implemented in accordance with the size and characteristics of each individual parcel. 

Indicated by yellow parcels. 

"Low" priority parcels have a minimal respective impact to the reservoirs, but still have a 

potential for reservoir contamination. For Low priority, three approaches or priority levels are 

recommended, as follows and are all indicated by green parcels: 

• "Low 1" - Along feeder streams, access agreements should be implemented, for 

maintenance and pest control. 

• "Low 2" - A 25-foot buffer strip, which will act as a vegetative buffer, should be 

implemented. 

• "Low 3" - With parcels abutting a large reservoir, such as Indian Hill, a 25-foot 

recreational easement should be implemented. 

Any parcel owners in this "Low" category should be educated in conservation practices such as 

the proper use and storage of lawn fertilizer and other household chemicals. 

The final parcel priority category is "No Action" and is indicated with a striped parcel. In this 

~ instance the parcels already have restrictions in place and therefore further action is not required. 

Currently, approximately 700 acres of land within the Upper and Lower Artichoke· watershed 

is designated conservation, historical, wildlife management, or owned by the City of 

Newburyport. Some of this land is located along the reservoirs, creating a buffer zone and 

reducing the impact of runoff or soil erosion on the water supply. 

Table 4-1 shows the prioritized list of parcels that the Newburyport Water Works should 

consider obtaining for watershed protection. It should be noted that all the properties listed on 

this table are located in West Newbury, with the exception of the very first parcel (Map 91, 

Parcel 3A), which is located in Newburyport. Parcel information is taken from city records 

last updated in January 2002. 
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The criteria used in placing each parcel into these four categories included the following analysis 

sequence: 

• All abutting parcels to the reservoirs, the connecting streams, and any significant feeder 

streams were determined. 

• Data collection was conducted on: area that each parcel had in contact with the water 

body, the slope, vegetation, size, ownership, value, location, and whether or not the land 

was protected by existing conservation restrictions. Existing restrictions could include 

the Wetlands Protection Act or the Rivers Protection Act. 

• An analysis of the slope and vegetation in each parcel was performed to determine the 

erosion and runoff potential. 

• Both the parcel location and the proximity to a reservoir or stream were used to 

determine the priority. If a parcel had an erosion problem and abutted the shallows of the 

reservoir it would -have a higher effect on the turbidity of the reservoir at that location, 

resulting in a higher priority. Parcels located on roadways as opposed to those that were 

land locked also received higher priority. 

• An analysis of the owner, value, and size was performed. Since it is unlikely that 

Newburyport can afford to buy all the parcels around the reservoirs, it is recommended 

that Newburyport Water Works create conservation restriction zones on some of the more 

expensive parcels. This will be the best use of available funds, and Newburyport Water 

Works will not have to wait for these properties to be available for sale. 

All parcels that were determined to have limited affects on the reservoir system or its feeding 

streams, according to these factors, were placed in the Low priority category. In the Low 

priority category different steps have been suggested for parcels in different locations (as 

described above). 

Some parcels were perceived to have no effect on the reservoir system or it was unlikely that a 

restriction zone could be established due to the size or location of the parcel and therefore no 

action is recommended. This is the case in almost all abutting parcels in Newburyport. All 

parcels, with one exception, abutting the reservoirs in Newburyport have either already been 

purchased by the town or have conservation restrictions already established. 
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One parcel in Newburyport should be reviewed, for possible purchase, or for a construction 

restriction easement. This is Map 91, lot 3A, which is currently owned by Benjamin Maskiewicz 

and is assessed at $2,500,000. This lot abuts Turkey Hill Road, is very close to the shore of the 

Upper Artichoke Reservoir, and does not currently have any restrictions. It is recommended that 

Newburyport Water Works take a 100-foot buffer "construction restriction" easement along the 

Maskiewicz property, adjacent to the Upper Artichoke Reservoir. 

Purchasing conservation easements and development rights offer an alternative to the high cost . 

of purchasing land for water supply protection. Through easements and development rights, the 

Newburyport Water Works can control a piece of property by holding a contract with the owner 

that limits future development. Development rights can control large areas of land while 

minimizing expenses. This may be a good option to preserve low impact agricultural use within 

sensitive areas of the watershed. It is Tecommended that the Newburyport Water Works prepare 

a construction restriction easement around the three reservoirs. This easement would be a 100-

foot no-build zone with the creation of a vegetated buffer using naturally occurring plant species 

for New England. This buffer strip left in its natural state should be self perpetuating, low 

maintenance and would minimize impacts from overland transport of contaminants such as 

fertilizer, herbicides, and farming waste. 

A management plan for each property that is under control of the Newburyport Water Works 

! should be prepared. The plan should include regular, documented inspections regarding 

unauthorized activities, illegal dumping, obstructions to stream flows, deteriorating or missing 

signs, other maintenance needs, and to check boundaries for encroachment by adjacent 

landowners. 

l 
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Some land in West Newbury is proposed to be purchased for operation and maintenance issues. 

The purchase of some or all of these properties is recommended to protect the river that connects 

the Indian Hill Reservoir with the Upper Artichoke Reservoir. These properties are listed as 

West Newbury parcels R 17-1B, R 17-7, R 17-11, R 17-llA, R 17-llB, R 18-18, R 18-19, 

and R 18-33 on Table 4-1. 

4-8 Weston & Sampson 



J 

I 
) 

l 

.l 

l 
1 

J 

l 
l 

Also, part of the property adjacent to the Indian Hill Reservoir is recommended to be purchased, 

so that a pump facility may be constructed on this land. This property is Parcel R 6-18 on Table 

4-1. 

4.2 Summary #4 - Public, Wildlife, In-lake Control 

4.2.1 Public Access/Recreational Control 

It is very difficult to limit access to the watershed due to the fact that several areas within the 

watershed are developed. However, boating and swimming are not permitted within the 

watershed, and this is a good starting point. A plan should be developed to control public access 

to the reservoirs. The plan should have concurrence with the towns of Newbury and West 

Newbury, so that all communities feel comfortable enforcing the plan. Inspections, enforcement, 

and education will be part of this plan. See the Master Plan for a more detailed plan to dredge 

the Upper and Lower Artichoke Reservoirs. 

4.2.2 Wildlife Management 

Newburyport (and Newbury and West Newbury) does not appear to have a wildlife problem in 

the watershed, with the exception ofbeaver activity. As mentioned in Section 3.1.3, this beaver 

impact is being mitigated . 

Also, as discussed in Section 4.1.1, water quality monitoring should be conducted in areas 

where wildlife is observed to be most active to determine if harmful impacts are occurring. If 

water samples indicate that the wildlife activities are causing contamination, the City can 

develop appropriate plans to deter or relocate the wildlife activity. 

4.2.3 In-lake management 

As discussed earlier, excessive vegetation and algae growth in the Upper and Lower Artichoke 

Reservoirs are concerns for water quality within the public water supply. Excessive phosphorus 

in the surface water and ground water, relatively shallow water depths, and an organically rich 
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soft substrate in much of the shallower portions of the reservoirs, contributes to excessive growth 

of rooted and floating aquatic plants. Some management practices to control growth of 

excessive vegetation and algae are as followed: 

4.2.3.1 Dyes 

Dyes are used to restrict light penetration and thereby restrict the depth at which rooted 

plants can grow. This process will favor species tolerant of low light or with sufficient 

food reserves to support an extended growth period. Dyes would have little effect in 

shallow water. 

4.2.3.2 Draw down 

Drawdown involves the lowering of the water table to expose the sediment and aquatic 

plants to drying and/or freezing. This can be effective with species that reproduce mainly 

by vegetative means, but is generally ineffective against annual plants that depend on 

seeds for regrowth each year, since the seeds are often stimulated by the drawdown 

instead of killed. This practice may not be appropriate for the Artichoke Reservoir 

system due to the loss of storage capacity and is therefore not recommended. 

4.2.3.3. Harvesting 

Harvesting includes a wide array of plant removal techniques. These techniques include 

simple tasks like pulling selected plants and manual cutting, but can also range to 

mechanical cutting and collection, underwater rototilling (called aquatilling), suction 

dredging, and hydro raking. On a long-term scale harvesting can be an effective control 

technique when the harvesting is timed properly to eliminate annual seed production in 

target plants that reproduce by seed. A plan that will encompass several successive years 

of effort will be required for a harvesting plan to be successful. 
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4.2.3.4. Benthic Barriers 

Benthic barriers sink to the bottom of lakes or ponds, are in sheet form, and lay on the top 

of plants to limit light, physically disrupt growth, and allow unfavorable chemical 

reactions to interfere with further development of plants. These sheets can be either solid 

or porous. One drawback of the barrier is a concern with its long-term integrity. The 

barrier traps gasses, accumulates sediment on top, and could result with plants growing 

on top ofthe barriers. The barriers are also non-selective and will kill all plants over 

which it lies usually within a month. 

4.2.3.5 Chemical Control 

Chemical Control includes dousing plant species with a pesticide or chemical additive 

that will inhibit the plant from surviving or reproducing. While no pesticide is considered 

completely safe, a premise of federal pesticide regulation is that the potential benefits 

derived from use outweigh the risks when the chemical is used according to label 

restrictions. Chemical treatment is often a very cost-effective means for reducing aquatic 

weed biomass over the short-term. 

Aquatic control technology treated the Artichoke Reservoir for algae last year, for the 

first time, by dosing it with copper sulfate to control diatoms. 

4.2.3.6 Dredging 

Dredging works as an aquatic plant control technique when either a light limitation is 

imposed through increased water depth or when soft sediment is removed to reveal a less 

hospitable substrate (rock, gravel or course sand). In the Artichoke reservoir system an 

increase of depth in most areas would have a large impact on most of the vegetation as 

noted below. 
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The Master Plan by FST recommended dredging the Upper and Lower Artichoke Reservoirs. 

Historic records indicate that the Artichoke Reservoir was once a pasture. In preparation for the 

creation of the Artichoke Reservoirs, trees were cut down, but the stumps remained, along with 

topsoil, brush, and grass. As a result of this lower cost construction practice, the Artichoke 

Reservoirs are relatively shallow in many of the embankments and along the near shore areas. In 

addition, relatively organic rich sediment exists in these shallows. Bathymetric profiles for each 

reservoir were created by Metcalf & Eddy to evaluate the Firm Yield. The reservoir bathymetry 

should be confirmed by resurveying select areas and overall bottom depths every five years. In 

addition, sediment thickness should be evaluated in select near shore environments. In the 

shallow water environments, where sediment thicknesses are increasing, dredging should be 

considered. Sectional dredging or partial dredging may be a preferred method in order to avoid 

costly or impractical shutdowns to the reservoir system. 

Although, dredging operations should be considered for the Artichoke Reservoirs, Indian Hill 

should be monitored, but does not require immediate attention. Although dredging operations 

are expensive, the benefits are clear: increased water depth and therefore storage, decreased 

water temperatures and reduced plant/algae activity, and finally, improved water quality. 

4.2.4 Staffing 

The Newburyport Water Works would benefit from designating one staff member the 

responsibility to implement the watershed management plan. This staff person could develop 

and manage a water quality-sampling program, inspect construction sites, maintain access roads, 

monitor recreational activities, and identify other environmental impacts to the watershed. Given 

current workload requirements and budget constraints, the Newburyport water works would 

benefit by having this a separate, funded position from current staff positions or duties. 

Having the same staff member conduct inspections and monitor water quality will give the 

person the opportunity to understand impacts to water quality and draw conclusions on the 

sources of pollution. The person would require cooperation with the towns of Newbury and 

West Newbury and would require authorization to perform inspections. 
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4.3 Summary #5 - Regulatory Control 

The City of Newburyport has prepared a Water Resource Protection District. This district is part 

ofthe City bylaws. The purpose of the district is to: 

l. Promote the health, safety, and general welfare of the community by ensuring an 

adequate quantity and highest quality of water possible for residents, institutions and 

businesses of the City ofNewburyport. 

2. Preserve and protect existing and potential watersheds and aquifers for drinking water 

supplies. 

3. Prevent temporary and permanent contamination in the water resource protection 

district 

4. Protect the community from the detrimental use and development of land and water 

within the water resource protection district 

Regulatory control of water resources within the Artichoke Reservoir Watershed is also provided 

via the Massachusetts Wetlands Protection Act and the Rivers Protection Act. These legislative 

controls serve to protect waters within the Commonwealth for purposes of 

-protection of public and private water supply. 

-protection of ground water supply. 

-flood control. 

-storm damage prevention. 

-prevention of pollution. 

-protection of land containing shellfish. 

-protection of fisheries. 

-protection of wildlife habitat. 

Any activity that involves placement of fill, removal, dredging, or alteration of land within a 100 

foot buffer zone around any wetland or within a 200 foot buffer zone of any riverfront area (area 

surrounding a perennial stream) is subject to regulation. Such activities require filing of a Notice 

of Intent (NOI) with the local conservation commission and the Massachusetts DEP before the 
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project can proceed. Compliance with the Massachusetts Stormwater Management Policy would 

also be required as part of the NOI process. The Newburyport Water Works staff should be 

designated by West Newbury and Newbury, as a concurrent reviewer of any project proposed 

within Zone A of the watershed. This requirement would need the cooperation of all abutting 

communities in order to implement an effective review/approval process. Such an agreement 

would greatly enhance enforcement and control of unwanted construction, stormwater runoff and 

construction practices in the watershed. 

4.4 · Summary #6 - Emergency Planning 

The likelihood of a spill entering the reservoirs is very possible due to the proximity of the 

roads to the reservoirs in some areas. Guardrails should be installed on roads that cross or 

abut the reservoirs. One example of where guardrails should be installed is on Plummer 

Spring Road where it crosses the reservoir. 

The Newburyport Water Works has an emergency response plan, which was completed in 2002. 

Pertinent sections of the plan are included in Appendix E. In general, the plan presents updated 

contact lists and responses to specific emergencies, such as: 

• Water main breaks 

• Loss of electrical power 

• Loss of well stations 

• Storage tanks out ofservice 

• Chemical feed systems down 

• Chemical spill at or near water supplies 

• Loss of water treatment plant 

• Loss of artichoke pumping station or contamination of reservoirs 

• Chemical Contamination of water supplies 

• Natural Disasters 

• Nuclear Disasters/Terrorist Acts 
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Obviously the entire plan does not apply to the Reservoir System. However, impacts to water 

quality are minimized through the adoption of this plan. 

The city is in the process of establishing a Local Emergency Planning Committee (LEPC), which 

would implement and update this plan. The LEPC would be responsible to address issues such 

as restrictions on traffic around the reservoirs and weight restrictions of vehicles (this would 

limit the amount of commercial vehicles through the watershed). Also the LEPC would initiate 

the planning for the preparation of a vulnerability assessment, which was submitted to DEP at 

the end of 2004. 

The LEPC would also plan to implement and exercise the Emergency Response Plan by 

performing actual scenarios/drills that involve all the affected municipal departments, private 

industries and businesses, and citizens. 

0:\NEWBURYPORT MA\ARTICHOKE WATERSHED\ARTICHOKE RES DRAFT RPT2.DOC 
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5.0 EDUCATION 

5.1 Summary #7- Education 

Education involves assessing the water supply related education needs within the watershed and 

developing programs to address those needs. Massachusetts DEP has recommended this be 

designed and implemented through the development of a Water Supply Protection Committee. 

The committee can consist of Water Commissioners, abutting landowners from multiple 

communities, concerned citizens, residents with professional or technical backgrounds, city 

board members (e.g. Conservation Commission, etc.) and Water Works employees. 

Currently, several education efforts are available or are underdeveloped by the Newburyport 

Water Works. The water treatment plant in Newburyport is available for tours. This gives the 

Newburyport Water Works an opportunity for excellent public relations and education regarding 

source water and the valuable resource the Reservoir system is for Newburyport, Newbury, and 

West Newbury. 

Newburyport Water Works is planning on implementing other school education programs. For 

example, the water superintendent could go into the school system to talk with the students about 

their drinking water, where it comes from, and how it's treated. A program may be implemented 

with grammar schools for students to color water related pictures, which may be used to decorate 

the water treatment plant. Pictures could include themes such as water conservation, water 

pollution, hydrologic cycle and percent of usable water on earth. 

To educate the public with regards to watershed, a public information booth could be constructed 

where several town employees and members from various environment groups could present 

displays, hand out brochures, and explain to people how to take care of their watershed, how to 

get help, and who to call in the event of an emergency. The Newburyport Water Works staff 

could help people find their homes on a zoning map and make them aware that they are in the 

watershed and that their activities affect us all. 
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The most effective public education programs often involve direct distribution of information. 

The Newburyport Water Works should plan more direct public education efforts, including some 

or all of the following items: 

• Bill stuffers that discuss water conservation and watershed protection 

• Information packets distributed to all residents about watershed protection 

• Water treatment plant open house 

• Newsletters 

• Advertising on the local cable access channel about watershed protection 

Example information packets are provided in Appendix F and can be used for distribution to 

select property owners throughout the watershed. This information includes a listing of relevant 

sites located on the Worldwide Web or Internet 

5.2 Farming Best Management Practices 

The United States Department of Agriculture (USDA) has released its Best Management 

Practices (BMPs) for farming and agriculture. As part of the public education process, 

farmers will be educated on the following practices to reduce cropland pollution: 

• Select the optimum herbicide 

• Spill response plans for pesticides and fertilizers 

• Application Practices (do not spray/apply herbicides or nutrients near streams or near 

where runoff enters a stream. Do not apply herbicide/phosphorus/nitrogen to saturated 

or wet soil) 

• Retain and reuse application equipment rinse water 

• Read and follow herbicide label directions 

• Soil sampling and testing 

• Reduce herbicide runoff by: 

o Terrace or contour farming 

o Conservation tillage farming 

o Erosion control (drainage ditch) 

o Establish vegetative buffer strips 
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o Correct Application 

o Season of application 

Sample information on Best Management Practices for farming are presented in Appendix F 

0:\NEWBURYPORT MA\ARTICHOKE WATERSHED\ARTICHOKE RES DRAFT RPT2.DOC 
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APPENDIX A 

SOURCE WATER ASSESSMENT AND 
PROTECTION REPORT 
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Massachusetts Department of Environmental Protection 

Source Water Assessment and Protection (SWAP) Report 
for 

What is SWAP? 
. . . "" . . 

._ ·Th~Sour~e W~ter ,A$sessment 
. Program·(SWAP); established· 
IJnder the federal Safe Drinking 
Water-Act, r~I.Hrts every state 
to: 

•. inve~t()ryla.nd uses with.inthe 
i recharge areas of,all pub lie 

water siJpply:'Sot!rc~s: . . . :· . 

• asses~ the su~ceptibllity of 
drinking \Yater sources to 
contamination from these land 
uses: and· 

• publicize the results to provide 
support for improved protection. 

.. . '. ' : 

Susceptibility and ·water 
duality 

Susceptibility is a measure ofa 
water supplys pofeiitidlto:becbtne 
contaminated' due to larid·uses and 
activities within its rechar~e area. 

. . 

A source's susceptibility to 
contamination does not imply poor 
water quality. 

Water suppliers protect drinking · 
water by monitoring for more than 
100 chemicals, disinfecting, 
filtering, ortreating water 
supplies, andusing source 
protection measures to ensure 
that safe water is delivered to 
the tap. 

Actual water quality is best 
reflected by the results of 
regular water tests. To learn more 
cibout your water quality, refer to 
your water supplier's annual 
Consumer Confidence Reports. 

May 15,2002 

Newburyport Water Department 

Table 1: Public Water System Information 

PWSName Newburyport Water Department 

PWSAddress City Hall/P.O. Box 550 

City/Town Newburyport, Massachusetts 01950 

PWS ID Number 3206000 

Local Conto.ct Paul Colby 

Phone Number (978) 465-4466 

Introduction 

We are all concerned about the quality of the water we drink. Drinking water 
sources may be threatened by many potential contaminant sources, including 
storm runoff, road salting, and improper disposal of hazardous materials. · 
Citizens and local officials can work together to better protect these drinking 
water sources. 

Purpose of this report: 
This report is a planning tool to support local and state efforts to improve water 
supply protection. By identifying land uses within water supply protection areas 
that may be potential sources of contamination, the assessment helps focus 
protection efforts on appropriate best management practices (BMPs) and 
drinking water source protection measures. 

Refer to Table 3 for Recommendations to address potential sources of 
contamination. Department of Environmental Protection (DEP) staff are 
available to provide information about funding and other resources that may be 
available to your community. 

This report includes the following sections: 
1. Description of the Water System 
2. Land Uses within Protection Areas 
3. Source Water Protection 
4. Appendices 
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Glossary 

Aquifer:· An underground water­
bearing layer of permeable 
material that will yield water in a 
uSC!ble quantity to a welL 

Hydrogeologic Barrier: An 
underg~oundlayer of impermeable 
material (i.e. clay) that resists 
penet~~tionby water. 

. Rectlarge A~a: Thesyrfa!;Ei~rea · 
that contribtites ~ater :;.~ ~ well. . 

. Zone}: ~¢'area,d~sestto a· 
, WE\Ik910.Q..t9: 400; foot radi u$ ... · 

.· 'pr'4pi>ftt~~tilt~·the ~ell's ~ITipirig. ·. 
. rate. This ~rea should be owm::d or . . 
CQritroil~ifby fhe wat¢r SUJ:ijllier 
aM:Iiriiited ·fo writer suppfy .. 

'!;=f~:t~~;5:;';~~~~~f!eis 
defined. by hydrpgeologJ~ Sfudies 
thi:lt must be approved by DEP. 
Refer to the a'ttached map to 
determine the land within your 

· Zoner:i:. · 

·· Zofle.· A: isfh,¢'most.crltieal for· 
profecfr~n·eff0rts~ r+ i.s khehr¢a·.' 
400 f~tfrorn·the ~dge oHhe 

··· ·:~;r~'ilit~~r~~=~~t·~~r:~:h~·· 
. and/or s+r~aiiis)draining int~ it. 

Zone.:B: Is theaiiea.one~half mile 
. from the ~~g~ ofthe reservoir 
• l:>ut does not· go, beyond the outer 
eclg~ of;thewqt~i1S.hed: ·. 

Zo~e C:. is the ~~maining. area in · · 
the watershed not designated as 
Zones A orB, 

The attached map shows Zone A 
··and your w.atershed boundary. 

Section 1: Description of the Water System 

Groundwater Sources 

lwellName lsourceiD# 

Zone II#: 540 Susceptibility: High I Well#! 

Well#2 3206000-020 

Surface Water Sources 

Source Name Susceptibility: High 

Artichoke Reservoir 3206000-01 s 
Indian Hill 3206000-02S 

Bartlett Spring Pond 3206000-03S 

The wells for the Newburyport Water Department are located within the same 
water supply protection area. Each well has a Zone I radius of 400 feet. The wells 
are located in an aquifer with a high vulnerability to contamination due to the 
absence of hydrogeologic barriers (i.e. confining clay layer) that can prevent 
contaminant migration. Please refer to the attached map of the Zone IL 

The reservoirs for the Newburyport Water Department are located within two 
separate yet adjoining water supply protection areas, with a majority of the 
Artichoke Reservoir water supply protection area extending into the town of 
West Newbury, and all of the Indian Hill water supply protection area being in 
the town of West Newbury. Newburyport also has Bartlett Spring Pond as an 
emergency source, and is in the process of obtaining approval from DEP to make 
it an active source. 

For current information on monitoring results and treatment, please contact the 
Public Water System contact person listed above in Table 1 for a copy of the 
most recent Consumer Confidence Report Drinking water monitoring reporting 
data is also available on the web at http://www.epa.gov/safewater/ccrLhtml 

Section 2: Land Uses in the Protection Areas 

The Zone II and Zone Cs for Newburyport are primarily a mixture of residential, 
agriculture, and forest, with a small portion of the Zone II consisting of 
recreational land uses (refer to attached map for details). Land uses and activities 

that are potential sources of contamination are listed in Table 2, with further detail provided in the Table of Regulated 
Facilities and Table of Underground Storage Tanks in Appendix B. 

Key Land Uses and Protection Issues include: 
1. Activities in Zone I 
2. Activities in Zone A 
3. Golf Course and Agricultural Activities 
4. Residential Land Uses 
5. Transportation Corridors . 
6. Oil or Hazardous Material Contamination Sites 
7. Comprehensive Wellhead Protection Planning 

The overall ranking of susceptibility to contamination for the system is high, based on the presence of at least one high 
threat land use within the water supply protection areas, as seen in Table 2. 
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What is a Protection 
Area? 

A well's water supply protection 
area is the land around the well 
where protection activities 
should be focused. Each well 
has a Zof!e I protective radius 
and a Zone II protection <lrea. 

1. Activities in Zone I - The Zone I for each of the wells is a 400 foot radius 
around the wellhead. Massachusetts drinking water regulations (310 CMR 22.00 
Drinking Water) requires public water suppliers to own the Zone I, or control the 
Zone I through a conservation restriction. Only water supply activities are 
allowed in the Zone I. However, many public water supplies were developed 
prior to the Department's regulations and contain non-water supply activities 
such as homes and public roads. The following non-water supply activities occur 
in the Zone Is of the system wells: 

Well #2- Both the uppermost northeast and northwest section of the Zone I have 
lawns associated with private residences. Also, Ferry Road cuts through the 
uppermost northeast section. 
Zone I Recommendations: 
./ To the extent possible, remove all non-water supply activities from the Zone 

Is to comply with DEP's Zone I requirements . 
./ Use BMPs for the storage, use, and disposal of hazardous materials such as 

water supply chemicals and maintenance chemicals . 
./ Do not use or store pesticides, fertilizers or road salt within the Zone I. 
./ Keep any new non-water supply activities out of the Zone I. 

./ Agreement Options - Attempt to obtain a Memorandum of Understanding. 
Memorandum of Understanding (MOU) is an agreement between the landowner and public water supplier in 
which the landowner agrees not to engage in specific threatening activities. The MOU should be specific to the 
land use or activity. For instance, if the land is residential with a septic system the owner could agree not to place 
chemicals, petroleum products, or other hazardous or toxic substances, including septic system cleaners into the 
septic system, and that the system will be pumped at a specific frequency. The application of lawn care chemicals 
could also be restricted. Understanding how activity threatens drinking water quality is an important component of 
developing and effective MOU. 

2. Activities in Zone A - Existing and future land use activities which may have an impact on surface water sources 
include: on-site septic systems; public and private recreational activities; untreated stormwater runoff; uncontained 
storage of fertilizers, manure, domestic animals; new construction; spills along roads; above ground and underground 
storage tanks; erosion; and un-permitted and unauthorized activities. Wild animals, farm animals, and domestic pets 
can be carriers of waterborne diseases such as Giardia, Cryptosporidium, Salmonella, etc. The following activities 

occur in the Zone A of the system's reservoirs: 

Artichoke Reservoir - There are livestock operations, manure storage and 
spreading, and aquatic wildlife throughout the Zone A of the reservoir and 
tributaries to the reservoir; numerous homes exist throughout the Zone A of the 
reservoir and tributaries to the reservoir, most of which are on private septic 
systems; shoreline fishing occurs at accessible areas throughout the Zone A of 
the reservoir; and Route 95 passes thorough a small section of the Zone A of a 
tributary to the reservoir. 
Indian Hill Reservoir - There are livestock operations, manure storage and 
spreading, and aquatic wildlife throughout the Zone A of the reservoir and 
tributaries to the reservoir; numerous homes exist throughout the Zone A of the 
reservoir and tributaries to the reservoir, most of which are on private septic 
systems; and shoreline fishing occurs at accessible areas throughout the Zone A 
of the reservoir. 
Bartlett Spring Pond - A vehicle maintenace area, an abandoned underground 
storage tank, and one sludge lagoon associated with the Spring Lane Water 
Treatment Plant are located in the Zone A of the Bartlett Spring Pond. There is 
also a house and the possibility of an associated septic system located in the 
Zone A. 

Zone A Recommendations: 
./ To the extent possible, remove all activities from the Zone As to comply 

with DEP's Zone A requirements. 

What is a Watersh~d? 
A watershed is the land area 
that catches and dra~s 

rainwater down-slope into a river, 
lake or reservoir. As water 
travels down from the watershed 
area it may carry contaminants 
from the .watershed to the 
drinking water supply source, For 
protection purposes, watersheds 
are divided into protection Zones 
A, Band C. 
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./ Use BMPs for the storage, use, and disposal of hazardous materials such as 
water supply chemicals and maintenance chemicals . What are "BMPs?" 

./ Storage of pesticides, fertilizers or road salt within the Zone A should be 
covered and contained. 

Best Management Practices 
(BMPs) are measures that are 
used to pr()tect (lnd improve . 
surface water and groundwater 
quality. BMPs can be structural, 

./ Keep any new prohibited activities out of the Zone A 

3. Golf Course and Agricultural Activites - Pesticides and fertilizers have the 
potential to contaminate a drinking water source if improperly stored, applied, 
or disposed of. If not contained or applied properly, animal waste from 
barnyards, manure pits and field application is a potential source of 
contamination to ground and surface water. If managed improperly, 
Underground and Aboveground Storage Tanks (USTs and ASTs) can be 
potential sources of contamination due to leaks or spills of the fuel oil they 
store. 

. such as oi I & gre(!S~ trap catch · · · 
basins, nonstructural. such as .· 

.. haz:arqous waste ~oflection days 
or.ma~ageriaL s~c:h_asemployee 

•·· tl"~iniog ?,ttproper dispqsal 
PfC>C:edur~s: · · · 

Golf Course and Agricultural Activities Recommendations: 
./ Encourage owners and operators of agricultural operations to consult with the Massachusetts Department of Food 

and Agriculture's regarding "On-Farm Strategies to Protect Water Quality- An Assessment & Planning Tool for 
Best Management Practices" (December 1996) for information about technical and financial assistance programs 
related to erosion and sediment control and nutrient, pest, pesticide, manure, waste, grazing, and irrigation 
management . 

./ Partner with farmers in your protection areas to make them aware of your water supply and to encourage the use of 
a US Natural Resources Conservation Service (NRCS) farm plan to protect water supplies . 

./ Encourage the farmers and golf course managers to incorporate an Integrated Pest Management (IPM) approach 
into their pest management program. IPM is an ecologically-based approach to pest control that links together 
several related components, including monitoring and scouting, biological controls, mechanical and/or other 
agricultural practices, and pesticide applications. By combining a number of these different methods and practices, 
satisfactory pest control can be achieved with less impact on the environment. 

./ Promote Best Management Practices (BMPs) for fuel oil storage, hazardous material handling, storage, disposal, 
and emergency response planning . 

./ Work with farmers and golf courses to ensure that pesticides and fertilizers are being stored within a structure 
designed to prevent runoff. 

5. Residential Land Uses - Approximately 25% of the combined Zone II and Zone Cs consist of residential areas. 
Ninety-nine percent of the Zone II is served by municipal sewering, however, none of the Zone C areas have public 
sewers, therefore, all use on-site septic systems. If managed improperly, activities associated with residential areas can 
contribute to drinking water contamination. Common potential sources of contamination include: 
• Septic Systems - Improper disposal of household hazardous chemicals to septic systems is a potential source of 

contamination to the groundwater because septic systems lead to the ground. If septic systems fail or are not 
properly maintained, they can be a potential source of microbial contamination. 

Figure 1: Sample watershed with examples of potential 
sources of contamination 

• Household Hazardous Materials Hazardous 
materials may include automotive wastes, paints, 
solvents, pesticides, fertilizers, and other substances. 
Improper use, storage, and disposal of chemical products 
used in homes are potential sources of contamination. 

• Heating Oil Storage - If managed improperly, 
Underground and Aboveground Storage Tanks (USTs 
and ASTs) can be potential sources of contamination 
due to leaks or spills of the fuel oil they store. 

• Stormwater - Catch basins transport stormwater from 
roadways and adjacent properties to the ground. As 
flowing stormwater travels, it picks up debris and 
contaminants from streets and lawns. Common potential 
contaminants include lawn chemicals, pet waste, and 
contaminants from automotive leaks, maintenance, 
washing, or accidents. 
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Potential Source of Contamination vs, Actual Contamination 
. . . 

The activities listed in Table 2 are those that typically use, produce, or store contaminants of concern, which, if managed 
improperly, are potential sources of contamination {PSC). 

It is important to understand that a release may never .occur from the potential source of contamination provided facilities 
are using best management practices(BMPs). If BMPs are in place, the actual risk may be lower than the threat ranking 
identified .in Table 2. Many potential sources of contamination are regulated at the federal. state and/ or local·levels, to 
further reduce the risk. 

Table 2: Land Use in the Watershed 
For more information, refer to Appendix B: Regulated Facilities within the Water Supply Protection Area 

Zone II 
ZoneC 

Land Uses Quantity Threat 
Number 

Source Potential Contaminant Sources* 
ID 

Agricultural 

Dairy Farms 1 M 01S 
Improper handling of manure 
(microbial contaminants) 

Fertilizer Storage 
1 M 540 Leaks, spills, improper handling, or 

or Use over-application of fertilizers 

Livestock 
4 M OIS,02S 

Improper handling of manure 
Operations (microbial contaminants) 

Manure Storage 
4 H 01S,02S 

Improper handling of manure 
or Spreading (microbial contaminants) 

Pesticide Storage 
2 H 540 03S 

Leaks, spills, improper handling, or 
or Use over-application of pesticides 

Commercial 

Bus and Truck 
1 H 01S 

Spills, leaks, or improper handling of fuels and 
Terminals maintenance chemicals 

Leaks, spills, improper handling, or over-
Cemeteries 1 M OIS application of pesticides and fertilizers; historic 

embalming fluids (such as arsenic) 

Golf Courses 1 M 540 
Over-application or improper handling of 
fertilizers or pesticides 

Residential 

Fuel Oil Storage 
Numerous M 540 

01S, 02S, 
Spills, leaks, or improper handling of fuel oil 

(at residences) 03S 

Lawn Care/ 
Numerous M 540 

01S, 02S, Over-application or improper storage and disposal 
Gardening 03S of pesticides 

Numerous 
01S, 02S, 

Septic Systems/ 03S Microbial contaminants, and improper disposal of 
Cesspools 

M 
hazardous chemicals 

5 540 

Miscellaneous 

Aquatic Wildlife Numerous L l 01S, 02S Microbial contaminants 
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Zone II 
ZoneC 

Land Uses Quantity Threat 
Number 

Source Potential Contaminant Sources* 
10 

Miscellaneous 

Fishing 2 L OIS,02S 
Fuel and other chemical spills, microbial 
contaminants 

Oil or Hazardous 
Tier Classified Oil or Hazardous Materials Sites are 

Material Sites 
2 -- OIS not ranked due to their site-specific character. 

Individual sites are identified in Appendix B. 
Road And Spills, leaks, or improper handling or storage of 
Maintenance 2 M 01S,03S deicing materials, automotive fluids, fuel storage, 
Depots and other chemicals 
Stormwater 

Debris, pet waste, and chemicals in stormwater from Drains/ Retention Multiple L 540 03S 
Basins roads, parking lots, and lawns 

Transportation 
Accidental leaks or spills of fuels and other 

Corridors 
I M 540 OlS hazardous materials, over-application or improper 

handling ofpesticides 

Underground 
3 H 01S,03S 

Spills, leaks, or improper handling of stored 
Storage Tanks materials 

Water Treatment 
2 M 03S Improper management of sludge and wastewater Sludge Lagoon 

Notes: 
1. When specific potential contaminants are not known, typical potential contaminants or activities for that type of 

land use are listed. Facilities. within the watershed may not contain all of these potential contaminant sources, may 
contain other potential contaminant sources, or may use Best Management Practices to prevent contaminants from 
reaching drinking water supplies. 

2. For more information on regulated facilities, refer to Appendix B: Regulated Facilities within the Water Supply 
Protection Area information about these potential sources of contamination. 

3. For information about Oil or Hazardous Materials Sites in your protection areas, refer to Appendix C: Tier Classi-
fled Oil and/or Hazardous Material Sites. 

* THREAT RANKING- The rankings (high, moderate or low) represent the relative threat of each land use com-
pared to other PSCs. The ranking of a particular PSC is based on a number of factors, including: the type and quantity 
of chemicals typically used or generated by the PSC; the characteristics of the contaminants (such as toxicity, environ-
mental fate and transport); and the behavior and mobility of the pollutants in soils and groundwater. 

Source Protection Decreases Risk 

inadequate Source Protection Measures superior 

Figure 2: Risk of contamination decreases as source protection 
increases. This is true for public water systems of any susceptibility 
ranking, whether High, Moderate, or Low. 

Residential Land Use Recommendations: 
./ Educate residents on best management practices (BMPs) 

for protecting water supplies. Distribute the fact sheet 
"Residents Protect Drinking Water" available in 
Appendix A and on www.mass.gov/dep/brp/dws/protect. 
htm, which provides BMPs for common residential 
issues . 

./ Work with planners to control new residential 
developments in the water supply protection areas . 

./ Promote BMPs for stormwater management and 
pollution controls. 

3. Transportation Corridors - Route 95 runs through the 
middle of the Zone II for Wells 1 & 2, and through the 
southeast portion of the Zone C for the Artichoke Reservoir. 
There are numerous local roads throughout the Zone II and 
Zone Cs. Roadway construction, maintenance, and typical 
highway use can all be potential sources of contamination. 
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Accidents can lead to spills of gasoline and other potentially dangerous 
transported chemicals. Roadways are frequent sites for illegal dumping of 
hazardous or other potentially harmful wastes. De-icing salt, automotive 
chemicals and other debris on roads are picked up by stormwater and wash in to 
catch basins. 
Transportation Corridor Recommendations: 
./ Identify stormwater drains and the drainage system along transportation 

corridors. Wherever possible, ensure that drains discharge stormwater 
outside of the Zone II and Zone Cs. 

./ Work with the City and State to have catch basins inspected, maintained, and 
cleaned on a regular schedule. Street sweeping reduces the amount of 
potential contaminants in runoff . 

./ Work with City and State emergency response teams to ensure that any spills 
within the Zone II and Zone Cs can be effectively contained . 

./ If storm drainage maps are available, review the maps with emergency 
response teams. If maps aren't yet available, work with city officials to 
investigate mapping options such as those in the upcoming Phase II 
Stormwater Rule requiring some communities to complete stormwater 
mapping. 

6. Presence of Oil or Hazardous Material Contamination Sites - The Zone C 
for the Artichoke Reservoir contains DEP Tier Classified Oil and/or Hazardous 
Material Release Sites indicated on the map as Release Tracking Numbers 3-
0017727 and 3-0019356. Refer to the attached map and Appendix 3 for more 
information. 
Oil or Hazardous Material Contamination Sites Reeommendation: 
./ Monitor progress on any ongoing remedial action conducted for the known 

oil or contamination sites. 
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7. Protection Planning- Currently, the City does have water supply protection controls that are implemented through 
a Water Resource Protection District Ordinance. Protection planning protects drinking water by managing the land area 
that supplies water to a well or reservoir. A Water Resource Protection Plan coordinates community efforts, identifies 
protection strategies, establishes a timeframe for implementation, and provides a forum for public participation. There 
are resources available to help communities develop a plan for protecting drinking water supply wells. 
Protection Planning Recommendations: 
./ Develop a Wellhead Protection Plan. Establish a protection team, and refer them to http://mass.gov/dep/brp/dws/ 

protect.htm for a copy of DEP's guidance, "Developing a Local Wellhead Protection Plan". 
-/ Coordinate efforts with local officials to compare local wellhead and surface water protection controls with current 

MA Wellhead Protection Regulations 310 CMR 22.21(2) and Surface Water Supply Protection Regulations 310 
CMR 22.20B and 310 CMR 22.20C. If there are no local controls or they do not meet the current regulations, 
adopt controls that meet 310 CMR 22.21(2), 310 CMR 22.20B and 310 CMR 22.20C. For more information on 
DEP land use controls see http://mass.gov /dep/brp/dws/protect.htm . 

./ If local controls do not regulate floordrains, be sure to include floordrain controls that meet 310 CMR 22.21(2). 

Other land uses and activities within the Zone II and Zone Cs that are potential sources of contamination are included 
in Table 2. Refer to Appendix A for more information about these land uses. Identifying potential sources of 
contamination is an important initial step in protecting your drinking water sources. Further local investigation will 
provide more in-depth information and may identify new land uses and activities that are potential sources of 
contamination. Once potential sources of contamination are identified, specific recommendations like those below 
should be used to better protect your water supply. 

Section 3: Source Water Protection Conclusions and Recommendations 

Current Land Uses and Source Protection: 
As with many water supply protection areas, the system's Zone II and Zone Cs contain potential sources of 
contamination. However, source protection measures reduce the risk of actual contamination, as illustrated in Figure 2. 
The water supplier is commended for taking an active role in promoting source protection measures in the Water 
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Supply Protection Areas through: 
• Pursuing the purchase of property within the surface water protection areas 

that is not currently owned by the Newburyport Water Department 
• Receiving a Source Protection Grant through DEP to develop a 

comprehensive surface water supply protection plan. 
• Adopting local land use controls for wellhead and surface water protection. 
• Requesting that the Town of West Newbury adopt land use controls that 

meet 310 CMR 22.20B and 310 CMR 22.20C. 
Source Protection Recommendations: 
To better protect the sources for the future: 
./ Inspect the Zone I and Zone A regularly, and when feasible, remove any 

non-water supply activities . 
./ Educate residents on ways they can help you to protect drinking water 

sources . 
./ Work with emergency response teams to ensure that they are aware of the 

stormwater drainage in your Zone II and Zone C and to cooperate on 
responding to spills or accidents. 

./ Partner with local businesses to ensure the proper storage, handling, and 
disposal of hazardous materials . 

./ Monitor progress on any ongoing remedial action conducted for the known 

oil or contamination sites . 
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./ Work with farmers in your protection areas to make them aware of your water supply and to encourage the use of a 
NRCS farm plan to protect water supplies . 

./ Develop and implement a Wellhead and Surface Water Protection Plan. 

Conclusions: 
These recommendations are only part of your ongoing local drinking water source protection. Additional source 
protection recommendations are listed in Table 3, the Key Issues above and Appendix A. DEP staff, informational 
documents, and resources are available to help you build on this SWAP report as you continue to improve drinking 
water protection in your community. 

The Department's Wellhead Protection Grant Program and Source Protection Grant Program provide funds to assist 
public water suppliers in addressing water supply source protection through local projects. Protection recommendations 
discussed in this document may be eligible for funding under the Grant Program. Please note: each spring DEP posts a 
new Request for Response for the grant program (RFR). 

Other grants and loans are available through the Drinking Water State Revolving Loan Fund, the Clean Water State 
Revolving Fund, and other sources. For more information on grants and loans, visit the Bureau of Resource 
Protection's Municipal Services web site at: http://mass.gov/deplbrp/rnf/mfpubs.htrn. 

The assessment and protection recommendations in this SWAP report are provided as a tool to encourage community 
discussion, support ongoing source protection efforts, and help set local drinking water protection priorities. Citizens 
and community officials should use this SWAP report to spur discussion of local drinking water protection measures. 
The water supplier should supplement this SWAP report with local information on potential sources of contamination 

For Mor~ ·Information 

Contact Anita Wolovick in DEP's 
Wibnington Office at (978) 
66l-7768 for more information 
and assistance on improving 
current protection measures. 

Copies of this report have been 
provided to the public water 
supplier, town boards, and the 
local media. 

May 15,2002 

and land uses. Local information should be maintained and updated periodically 
to reflect land use changes in the Zone II. Use this information to set priorities, 
target inspections, focus education efforts, and to develop a long-term drinking 
water source protection plan. 

Section 4: Appendices 

A. Protection Recommendations 
B. Regulated Facilities within the Water Supply Protection Area 
C. Table of Tier Classified Oil and/or Hazardous Material Sites within the 

Water Supply Protection Areas 
D. Additional Documents on Source Protection 
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Table 3: Current Protection and Recommendations 

Does the Public Water Supplier (PWS) own or 
control the entire Zone I and/or Zone A? 

Are the Zone 1 and Zone A posted with "Public 
r Drinking Water Supply" Signs? 

Are the Zone 1 and Zone A regularly inspected? 

Are water supply-related activities the only 
activities within the Zone 1 and Zone A? 

Does the municipality have Surface Water 
Protection Controls that meet 310 CMR 22.20C 
and Wellhead Protection Controls that meet 310 
CMR 22.21(2)? 

Do neighboring communities protect the water 
supply protection areas extending into their 
communities? 

Planning' 

Does the PWS have a local surface water and 
wellhead protection plan? 

Does the PWS have a formal "Emergency 
Response Plan" to deal with spills or other 
emergencies? 

l Does the municipality have a watershed and 
J wellhead protection committee? 

.J 
Does the Board of Health conduct inspections of 
commercial and industrial activities? 

1 Does the PWS provide watershed protection 
] education? 

May 15,2002 

Reservoirs, and 
Bartlett Spring 

Pond 

YES 

YES 

YES 
(Well#!) 

POSSffiLY 

NO 

NO 

YES 

NO 

YES 

SOME 

Follow Best Management Practices (BMP's) that focus on good 
housekeeping, spill prevention, and operational practices to reduce the use 
and release of hazardous materials. · 

To the extent possible, remove non-water supply activities from each Zone 
I and prohibited activities in Zone A to comply with DEP's Zone I and 
Zone A requirements. Investigate options for gaining ownership or control 
of the Zone I for groundwater sources. 

Additional economical signs are available from the Northeast Rural Water 
Association (802) 660-4988. 

Continue daily inspections of drinking water protection areas. 

Continue monitoring for non-water supply activities in Zone As. 

Monitor non-water supply activities in Zone I and prohibited activities in 
Zone A, and investigate options for removing these activities. 

Work with the Planning Board and the City Council to review the existing 
Water Resource Protection District Ordinance to determine if it 
meets land use controls required by 310 CMR 22.21(2) and 310 CMR 
22.20B & C. Refer to www.state.ma.us/dep/brp/dws/ for model bylaws 
and health and current 

Request that municipal officials in West Newbury develop land 
restrictions that meet 310 CMR 22.20B and 310 CMR 22.20C. 

Develop a surface water supply protection plan. Follow "Developing a 
Local Surface Water Supply Protection Plan" available at: www.state.ma. 
us/dep/brp/dws/. Develop a wellhead protection plan. Follow 
a Local Wellhead Protection Plan" available at: www.state.ma.us/dep/brp/ 
dws/. 

Supplement plan by developing a joint emergency response plan with 
flre department, Board of Health, DPW, and local and state emergency 
officials. Coordinate emergency response drills with local teams. 

Establish a committee with representatives from citizens' groups, 
neighboring communities, and the business community. 

Floor drain inspection was conducted in conjunction with DEP. For more 
guidance see "Hazardous Materials Management: A Community's 
Guide" at www .state.ma. us/dep/brp/dws/flles/hazmat.doc 

Currently, the only outreach is through the annual Consumer Confldence 
Report. Increase residential outreach through bill stuffers, school pro­
grams, Drinking Water Week activities, and coordination with local 
groups. Aim additional efforts at commercial, industrial and municipal 
uses within the Zone II and Zone C. 
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APPENDIXB 

WATER TREATMENT SCHEMATIC 
CONSUMER CONFIDENCE REPORT 

Weston & Sampson 
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Newburyport Water Works 
Annual Water Quality Report to Our Customers 

January 1, 2003 - December 31, 2003 

Important Information about Your Drinking Water 

If you have questions about this report, call the water treatment plant at (978) 465-4466 
or send an e-mail to "pcolby@cityofnewburyport.com". 

! Quality of Your Drinking Water 
Federal regulations require that we report to you each year about the quality of our drinking water. ~he Newburyport Water Works (Public 
Water Supply No. 3206000) is committed to providing our customers with high quality drinking water. To ensure delivery of a quality 

Jl product, we have made significant investments in treatment facilities, water quality monitoring, source protection and the distribution 
system. We are pleased to report the results of our 2003 water-testing program. In addition to water quality test results, this report 
provides information about the water system such as where your water comes from and how it is treated. 

I Water Quality Testing 
The Newburyport water treatment plant operates 24 hours per day, 365 days per year. The plant is staffed by trained personnel who have 

!taken required drinking water examinations and have been certified by the State as operators of drinking water facilities. Each year 
}Newburyport Water Works, along with state certified laboratories, conduct thousands of tests to monitor water quality and look for more 
than 120 potential contaminants. These tests confirm that your tap water meets all state and federal drinking water quality standards. 

] Where Your Drinking Water Comes From 
Our drinking water comes from both surface water and groundwater supplies. The surface supplies, which make up 80% of our water, are 
the Indian Hill Reservoir in West Newbury and the Artichoke Reservoir in both West Newbury and Newburyport. Surface water is treated 

lat the water treatment plant where color, turbidity and bacteria are removed through filtration. The water is then treated for corrosion 
1 control, pH adjustment, disinfection and fluoridation before delivery to our customers. Groundwater, which makes up 20% of our drinking 
water, is supplied by two gravel packed wells (Well #l and Well #2) located along Ferry Road 

\ Water Treatment Processes 
In order to meet state and federal requirements for public drinking water, our drinking waters receive the following physical and chemical 

\
treatments before being supplied to our customers: 
SURFACE WATER 

'• Pretreatment ch~micals are added to coagulate impurities that are then settled out in larger sedimentation tanks. 
I • Water is then filtered through two 40-inch deep mixed media filters to removed particles. 
t Chlorine is added to disinfect water to prevent waterborne diseases. 
• The pH of the water is raised to reduce the acidity of the water, helping to prevent internal plumbing corrosion . 

. • A corrosion inhibitor is used to minimize the pickup of lead and copper from household plumbing into the tap water. 

i• Sodium fluoride is added to help prevent tooth decay. 
WELL WATER 
The well water does not require pretreatment chemicals for coagulation or filtration. It is however treated with chlorine, fluoride, 
rorrosion inhibitor and pH adjustment. 

Water System Funding and Improvements 
!Newburyport Water Works is self-funded. That is, our budget is funded entirely from water rate revenues and fees charged for services. 
jBelow are some major projects we plan to complete over the next two years: 

Projects 
• Water main replacement on Green Street (April2004). 
• Conversion to an automated water meter reading system (2004 - 2006). 
• Water main gate valve replacement program (2004 - 2005). 
• Leak detection survey (2004). 

• Construct new Artichoke Reservoir pumping station (2004 - 2005). 



Lead in Drinking Water 
Infants and young children are typically more vulnerable to lead in drinking water than the general population. It is possible that lead 
levels at your home may be higher than other homes in the community as a result of materials used in your home's plumbing. If you are 
concerned about lead levels in your home's water, you may wish to have your water tested and flush your tap for 30 seconds to 2 
minutes before using tap water. Additional information is available from the Safe Drinking Water Hotline (800-426-4791). 

Vulnerability 
Some people may be more vulnerable to contaminants in drinking water than the general population. Immuno-compromised persons 
such as persons with cancer undergoing chemotherapy, persons who have undergone organ transplants, people with HIV/AIDS or 
other immune system disorders, some elderly, and infants can be particularly at risk from infections. These people should seek advice 
about drinking water from their health care providers. EPA/CDC guidelines on appropriate means to lessen the risk of infection by 
Cryptosporidium and other microbial contaminants are available from the Safe Drinking Water Hotline (800-426-4791). 

On behalf of the Board of Water Commissioners and our staff, we are pleased to present this information to you and we look forward 
to another successful year. We are proud of our reliable water supply, extensive water delivery syst€m, and consistently good water 
quality. Please call us if you have any questions at the City Hall Water Office (978-465-4420) or at the Water Treatment Plant at (978-
465-4466). 1 

Sincerely, 

Donald Finocchio 
Managing Director, Newburyport Water Works 

Board of Water Commissioners 
David Erekson, Chairman 
Barbara Cook, Vice Chair 
Gretchen Friede 
George Lawler 
Gerald Volpone 
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Newburyport Water Works ___ _ 
Annual Water Quality Report to Our Customer~ 

(January l, 2001 -December 31, 2001) / 

Important Information about Your Drinking Wpter 

If you have questions about this report, call the water treatment plant at (978) 165-4466 
or send an e-mail to "pcolby@cityofnewburyport.com". 

Quality of Your Drinking Water 

Federal regulations require that we report to you each year about the quality of our drinking water. The Newburyport 
Water Works (Public Water Supply No. 3206000) is committed to providing our customers with high quality drinking 
water. To ensure delivery of a quality product, we have made significant investments in treatment facilities, water quality 
monitoring, source protection and the distribution system. We are pleased to report the results of our 200 l water-testing 
program. In addition to water quality test results, this report provides information about the water system such as where 
your water comes from and how it is treated. 

Water Quality Testing 

The Newburyport water treatment plant operates 24 hours per day, 365 days per year. The plant is staffed by· trained 
personnel who have taken required drinking water examinations and have been certified by the State as operators of 
drinking water facilities. Each year Newburyport Water Works, along with state certified laboratories, conduct thousands 
of tests to monitor water quality and look for more than 120 potential contaminants. These tests confirm that your tap 
water meets all state and federal drinking water quality standards. 

Water Treatment Processes 

In order to meet state and federal requirements for public drinking water, our source waters receive the following 

l physical and chemical treatments before being supplied to our customers: 
• Surface waters are filtered through two 40-inch deep mixed media filters to removed particles. 
• Chlorine is added to disinfect water to prevent waterborne diseases. 

\ • The pH of the water is raised to reduce the acidity of the water, helping to prevent internal plumbing corrosion. 
f • A corrosion inhibitor is used to minimize the pickup of lead and copper from household plumbing into the tap water. 

• Sodium fluoride is added to help prevent tooth decay. 

\ Where Your Drinking Water Comes From 

Our drinking water comes from both surface water and ground water supplies. The surface waters, which make up 80% 
of our water, are from the Indian Hill Reservoir, located on Moulton Street in West Newbury and the Artichoke 
Reservoir, located in both West Newbury and Newburyport. Water from the reservoirs is treated at the water treatment 

\ 
plant where color, turbidity and bacteria are removed through filtration. The water is then treated for corrosion control, 
pH adjustment, disinfection and fluoridation before being delivered to our customers. Groundwater, which makes up 20% 
of our drinking water, is supplied by two gravel packed wells (Well #I and Well #2). Well #I is located on Ferry Road, 

I. Newburyport, on land bordering the Maudsley State Park. Water from this well does not require filtration, but does have 
/ corrosion control, pH adjustment, disinfection and fluoridation. Well #2 is located on Ferry Road, Newburyport, between 

Boy.d Drive and Briggs Ave. Water from this well is treated to raise the pH and fluoridated before being pumped directly 
J into the distribution system. 



Substances Found in Your Tap Water 
Drinking water, including bottled water, may be reasonably expected to contain at least some small amounts of certain 
substances which EPA calls "contaminants". The presence of these substances does not necessarily indicate that the 
water poses a health risk. For example, as water travels over the surface of the land or through the ground, it can dissolve 
naturally occurring minerals. More information about the substances found in your water and their potential health effects 
can be obtained by calling the Environmental Protection Agency's Safe Drinking Water Hotline (800-426-4 791 ). 

Lead in Drinking Water 
Infants and young children are typically more vulnerable to lead in drinking water than the general population. It is 
possible that lead levels at your home may be higher than other homes in the community as a result of materials used in 
your home's plumbing. If you are concerned about lead levels in your home's water, you may wish to have your water 
tested and flush your tap for 30 seconds to 2 minutes before using tap water. Additional information is available from the 
Safe Drinking Water Hotline (800-426-4791). 

Vulnerability 
Some people may be more vulnerable to contaminants in drinking water than the general population. lmmuno­
compromised persons such as persons with cancer undergoing chemotherapy, persons who have undergone organ 
transplants, people with HIV I AIDS or other immune system disorders, some elderly, and infants can be particularly at 
risk from infections. These people should seek advice about drinking water from their health care providers. EPA/CDC 
guidelines on appropriate means to lessen the risk of infection by Cryptosporidium and other microbial contaminants are 
available from the Safe Drinking Water Hotline (800-426-4 791 ). 

On behalf of the Board of Water Commissioners and my staff: we are pleased to present this information to you 
and we look forward to another successful year. We are proud of our reliable water supply, extensive water 
system, and consistently good water quality. Please call us if you any questions. 

Sincerely, 

Donald Finocchio 
Director, Newburyport Water Works 

Board of Water Commissioners 
David Erekson, Chairman 
Gerald Volpone, Vice-Chair 
Gretchen Friede 
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Newburyport Water Works 
Annual Water Quality Report to Our Customers 

January 1, 2002 - December 31, 2002 

Important Information about Your Drinking Water 

If you have questions about this report, call the water treatment plant at (978) 465-4466 
or send an e-mail to "pcolby@cityofnewburyport.com". 

Quality ofYour Drinking Water 

Federal regulations require that we report to you each year about the quality of our drinking water. The Newburyport 
Water Works (Public Water Supply No. 3206000) is committed to providing our customers with high quality drinking 
water. To ensure delivery of a quality product, we have made significant investments in treatment facilities, water quality 
monitoring, source protection and the distribution system. We are pleased to report the results of our 2002 water-testing 
program. In addition to water quality test results, this report provides information about the water system such as where 
your water comes from and how it is treated. 

Water Quality Testing 

The Newburyport water treatment plant operates 24 hours per day, 365 days per year. The plant is staffed by trained 
personnel who have taken required drinking water examinations and have been certified by the State as operators of 
drinking water facilities. Each year Newburyport Water Works, along with state certified laboratories, conduct thousands 
of tests to monitor water quality and look for more than 120 potential contaminants. These tests confirm that your tap 
water meets all state and federal drinking water quality standards. 

Where Your Drinking Water Comes From 

Our drinking water comes from both surface water and groundwater supplies. The surface supplies, which make up 80% 
of our water, are the Indian Hill Reservoir in West Newbury and the Artichoke Reservoir in both West Newbury and 
Newburyport. Surface water is treated at the water treatment plant where color, turbidity and bacteria are removed 
through filtration. The water is then treated for corrosion control, pH adjustment, disinfection and fluoridation before 

I delivery to our customers. Groundwater, which makes up 20% of our drinking water, is supplied by two gravel packed 
I wells (Well #1 and Well #2) located along Ferry Road 

Water Treatment Processes 

In order to meet state and federal requirements for public drinking water, our drinking waters receive the following 
} physical and chemical treatments before being supplied to our customers: 

SURFACE WATER 
1 •. Pretreatment chemicals are added to coagulate impurities that are then settled out in larger sedimentation tanks. 
l Water is then filtered through two 40-inch deep mixed media filters to removed particles. 

• Chlorine is added to disinfect water to prevent waterborne diseases. 

l.• The pH of the water is raised to reduce the acidity of the water, helping to prevent internal plumbing corrosion. 
A corrosion inhibitor is used to minimize the pickup of lead and copper from household plumbing into the tap water. 

• Sodium fluoride is added to help prevent tooth decay. · 

l WELL WATER 
· The well water does not require pretreatment chemicals for coagulation or filtration. It is however treated with chlorine, 

fluoride, corrosion inhibitor and pH adjustment. 



Substances Found in Your Tap Water 
Drinking water, including bottled water, may be reasonably expected to contain at least some small amounts of certain 
substances which EPA calls "contaminants". The presence of these substances does not necessarily indicate that the 
water poses a health risk. For example, as water travels over the surface of the land or through the ground, it can dissolve 
naturally occurring minerals. More information about the substances found in your water and their potential health effects 
can be obtained by calling the Environmental Protection Agency's Safe Drinking Water Hotline (800-426-4791). 

Lead in Drinking Water 
Infants and young children are typically more vulnerable to lead in drinking water than the general population. It is 
possible that lead levels at your home may be higher than other homes in the community as a result of materials used in 
your home's plumbing. If you are concerned about lead levels in your home's water, you may wish to have your water 
tested and flush your tap for 30 seconds to 2 minutes before using tap water. Additional information is available from the 
Safe Drinking Water Hotline (800-4_26-4791). 

Vulnerability 
Some people may be more vulnerable to contaminants in drinking water than the general population. Immun.o­
compromised persons such as persons with cancer undergoing chemotherapy, persons who have undergone organ 
transplants, people with HIV/AIDS or other immune system disorders, some elderly, and infants can be particularly at 
risk from infections. These people should seek advice about drinking water from their health care providers. EPA/CDC 
guidelines on appropriate means to lessen the risk of infection by Cryptosporidium and other microbial contaminants are 
available from the Safe Drinking Water Hotline (800-426-4791). 

On behalf of the Board of Water Commissioners and our staff, we are pleased to present this information to you 
and we look forward to another successful year. We are proud of our reliable water supply, extensive water 
delivery system, and consistently good water quality. Please call us if you have any questions at the City Hall 
Water Office (978-465-4420) or at the Water Treatment Plant at (978-465-4466). 

Sincerely, 

Donald Finocchio 
Managing Director, Newburyport Water Works 

Board of Water Commissioners 
Gerald Volpone, Chairman 
Barbara Cook, Vice Chair 
David Erekson 
Gretchen Friede 
George Lawler 
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FIGURE C-1 
STORMWATER PLAN 
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Photo 1 
Surface Water Supply Protection Plan 

• View of the Lower 
Artichoke Reservoir 

• Photo taken from 113 
looking Southwest 
toward dam 

• Quiet water 
environment allows 
visual comparison of 
weed growth 
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Photo 2 
Surface Water Supply Protection Plan 

• View of the Upper 
Artichoke Reservoir, 
Western Shore 

• Photo taken during 
August 2002 depicting 
drought conditions and 
exposed shoreline 
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r .. ,.. r I • ' '-

*** ~x 



---·~-·-~· - - -··· --·- -· ··--·" -···--~· ·--- - · -~-· ·.......--- - · --- --- ~--·- · · ---- --- ---· --- ---" ---· --·~·-

Photo 3 
Surface Water Supply Protection Plan 

• View of the Upper 
Artichoke Reservoir 

• Drainage from Middle 
Street into Upper 
Artichoke 

• Possible location for 
curbing to direct 
stormwater to a 
vegetated swale 

~X 
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Photo 4 
Surface Water Supply Protection Plan 

• View of the Lower 
Artichoke Reservoir 

• Drainage from Middle 
Street into Lower 
Artichoke 

• Possible location for 
curbing to direct 
stormwater to a 
vegetated swale 

~X 
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Photo 5 
Surface Water Supply Protection Plan 

• View of the Upper 
Artichoke Reservoir 

• Photo taken from 
Plummer Spring Road 
south into the 
Artichoke Reservoir 
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f .. .. t .f .. ... 
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Photo 6 
Surface Water Supply Protection Plan 

• View of the Upper 
Artichoke Reservoir 
(August 2003) 

• Photo taken from 
Rogers Street looking 
into Upper Artichoke 

• Note the algal growth 
indicating lower water 
quality 

Wo•ton& S.mp.son 
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Photo 7 
Surface Water Supply Protection Plan 

• View of the Upper 
Artichoke Reservoir 

• Photo depicts flow 
under Rogers Street 

• Note the growth of 
Purple Loosestrife an 
invasive species that 
degrades water quality 
in Massachusetts 

~X 
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Photo 8 
Surface Water Supply Protection Plan 

• View of the Upper 
Artichoke Reservoir 

• Photo depicts drainage 
from Rogers Street into 
the Reservoir 

• Erosion of the bank due to 
stormwater runoff directly 
into the Reservoir 

• Vegetated swale or 
structural BMP 
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Photo 9 
Surface Water Supply Protection Plan 

• View of the Upper 
Artichoke Reservoir 

• Photo shows growth 
of invasive species and 
algae depicting lower 
water quality 

• Possible dredging 
location or chemical 
application for aquatic 
weed control 
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Photo 10 
Surface Water Supply Protection Plan 

• View of the Upper 
Artichoke Reservoir 

• Photo shows growth 
of invasive species and 
algae depicting lower 
water quality 

• Also note exposed 
shoreline due to 
drought 
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City of Newburyport 

Zoning By-Law 



APPENDIX A-ZONING ORDINANCE III-B 

~-B Description of districts. 

Ag I C agricultural I conservation. The agricul­
tural/conservation district is composed of all those 
areas so designated on the official zoning map. 
This district is intended to serve a dual purpose. 
It is the city's intent to adhere to Commonwealth 
ofMassachl,lSetts policy of preserving agricultural 
land. All existing agricultural land is therefore 
designated AgiC when its designation is in keep­
ing with the city's long-range pl~. 

Principles of fiscal responsibility demand that 
the city utilize its presently existing water/sewer 
systems to their maximum before undertaking 
the construction of expensive additions to these 
systems. To this end, vacant lands with soils that 
have poor to moderate capabilities for supporting 
on-site sewage systems are designated Ag/C. 

The Ag/C distriCt has the lowest residential 
density of all districts and is generally served by . 
local streets only. Intensive land uses, uses which 
would detract from the desired agricultural/open 
nature of the district and uses which would oth­
erwise interfere with the intent of this ordinance 
are prohibited. 

R-1 single-family district. The single-family 
district is composed of all those areas so desig­
nated on the official zoning map and, like the 
uses, uses which would detract from the desired 
residential character, and uSes which would oth­
erwise interfere with the intent of this ordinance 
are prohibited. 

R-2 two-family district. The two-family district 
is composed of all those areas so designated of th~ 
official z.oning map and, like the preceding dis­
tricts, is generally served by local streets. The 
predominant land uses are intended to be single 
and two-family homes. Uses which would detract 
from the. desired residential character and uses 
which would otherwise interfere with the intent 
of this ordinance are prohibited. 

R-3 multifamily district .. The multifamily dis­
trict is composed of all areas so designated on the 
official zoning map: It is i.D.te.nded that this dis­
trict allow multifamily units at no greater than 
six (6) units per structure a.zi.d generally exceed­
ing densities often (10) dwelling units per acre of 
land. Single and two-family homes are allowed. 

These districts, insofar as is possible, are lo- _ 
cated near or along major streets. Uses which 
would detract from the desired residential char­
acter, or otherwise interfere with the intent of this 
ordinance are prohibited. 

B-1 business district. The business district is 
composed of all those areas so designated on the· 
official zoning map. ·It is intended that this dis­
trict allow all types of customary business uses 
oriented towards either pedestrian and/or vehicle 
traffic. It is further intended that multifamily. 
residentiai dwellings be allowed either alone or in 
combination with business uses under the condi­
tions specified-herein. These districts, insofar as 
is possible, are located along major streets. 

Uses which would detract from the desired 
business character, or otherwise interfere with 
.the intent of this ordinance are prohibited. 

B-2 downtown business district. The downtown 
business district is composed of all those areas so 
designated on the official zoning map. It includes 
retail, service, and office uses. The scale is in­
tended to reinforce downtown's role as the focus of 
activity in J!fewburyport. Multi-use development 
is encouraged, such as the combining of residen­
tial and business uses. Activities shall be oriented 
to pedestrian traffic and to centralized parking. 
Businesses which consume large amounts ofland 
and interrupt pedestrian circulation and shop­
ping patterns, single- and two-family principal 
buildings or uses which would otherwise interfere 
with the intent of this ordinance are prohibited .. 

B-3 neighborhood business district. The neigh­
borhood business district is composed of all those 
areas so designated on the official zoning map. 
The district is to provide retail and services in 
proximity to residential use~ in a manner .that 
fosters compatibility and serves as a transitional 
zone between the business district and residential 
districts. 

1-1 Industrial district. The industrial district is 
composed of all areas so designated on the official 
zoning map. These areas allow uses requiriD.g the 
manufacture, assembly, processing or han~ of 
materials which, because of their generation, noise, 
appearance, odor, or hazards, would be disruptive 
to residential and other commercial uses. Com-

CDA:9 



III-B NEWBURYPORT CODE 

mercia! uses intended to service the industrial 
areas are permitted; however, residential uses, 
other commercial uses and uses which would 
otherwise interfere with the intent of this ordi­
nance are prohibited. 

. 1-lB. industrial district. The I-lB industrial 
district was created to allow for the development 
of corporate office headquarters in the City of 
Newburyport. This zoning allows for a needed 
use/occupancy which the I-1 zoning district does 
not allow, specifically, corporate headquarters. 
The objective is to provide further diversification 
in employment opportunities. 

· Light manufacturing uses similar to those al­
lowed in the I-1 district are also allowed but the 
location of corporate headquarters type "uses is 
preferred. 

1-2 industrial district. The I-2 zoning district 
I was created to legitimized existing older "pockets 
J · of industrial development" within the central city. 

The intent "was to protect these uses as uses 
<tllowed by right and to not place them in a 
.onconforming zoning status. 

The re-use of these pockets of industries is 
likely to occur over time and as such nonindus­
trial uses are allowed by special permit as out­
lined further in this zoning ordinance. 

j M general acute care medical district. The 
· general acute care medical district is described as 

follows: Beginning at the northerly comer thereof !. at the comer of Rawson Avenue and Highland 
Avenue, thence running southeasterly by High­
land Avenue, 710.6 feet; thence running north-
westerly by land of Leavitt, 110 feet; thence 
rUnning southeasterly by land ofLeavitt and land 
of Steiner, 320 feet; thence i"unning southwesterly 
by land of Dodge, 407 feet; thence running south- . 
easterly by land of Dodge, 327.5 feet;. thence 
running southwesterly by Toppans Lane, 105 feet; 
thence running northwesterly by land of Rindler, 

] . ·1108 feet; thence running southwesterly by land 
of Rindler, 116.5 feet; thence running northwest­
erly by land of Jones and City of Newburyport, 

! 308 feet; thence running northeasterly by Rawson 
J Avenue, 294 feet to land of City of Newburyport; 

··~ence by said land of City of Newbtiryport on a 

curved line, 137 feet to Rawson Avenue; thence 
running northeasterly by said Rawson Avenue, 
391 feet to the point of beginning. 

All of said measurements. being more or. less 
and all of said abutters being now or formerly . 

It includes a general acute care hospital, a 
medical-dental professional building and associ­
ated and related uses. 

Floodplain district. The floodplain district is 
herein established as a special district and in­
cludes all special flood hazard areas so designated 
in the City of Newburyport~ Flood insurance rate 
maps (FIRM), dated Nov. 1, 1985 on file with the 
city clerk, plannirig board and building official. 
These maps, as well as the accompanying City of 
Newburyport Flood Insurance Study, are incorpo­
rated herein by reference. 

WMD waterfront marine dependent. The pur­
pose of this district is to protect and enhance the 
existing marine dependent and marine related 
uses located along the waterfront. In addition, the 
expansion of existing marine uses such as mari­
nas is encouraged and the redevelopment of 
nonmarine uses into marine dependent/related 
uses is encouraged. This district will allow a 
certain percentage of an overall development 
project. Density bonuses may be allowed when 
public access is provided for (see ~ection XVlli). 

Additional intents in this district include the 
protection and provision of public access · and 
views. Finally, when a project involves residential 

. development, the placement of residential units 
along the street sides of overall development 
projects is encouraged in this district. 

WMU waterfront mixe4 use. The purpose of 
this district is to encourage the development of 
marine, civic, tourism, and cultural land uses 
activities which benefit from the location of the 
central waterfront and to enhance thiS area as the 
civic and cultural center of the city. Structures 
which are totally' residential are not allowed in 
this district. Additional intents in tl:iis district 
include the protection and provision of public 
access and views. 
(Ord. of3-28-88(l), §§ 3, 4; Ord. of9-14-92) 
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1. RESIDENTIAL 

Ullt 

Single-ramily 

Num. 

101 

101 

101 

101 

101 

Two-family 102 

102 

102 

MuiLifwuily 103 

103 

103 

Oveo· 20 unita 104 

Hotel/Inn 106 

Lodging house 100 

RehablllteLion residence 107 

Congregate elderly bona· 108 
·lng 

In-law apartment 109 

109 

109 

Bed and breakfast ll()(g) 

llO(g) 

DisMct 

agcon 

R-1 

R·2 

R·3/B-3 

WMD 
R·2 

R-3/B-3 

WMD 

WMD 
WMU 

R·l 

R-2 

R-3/D-3 

B•2 

B-3 

2, INSTlTUTIONAJJGOVERNMENT/MEDICAL 

u .. 
Church 

Schools (public) 

Fire at.aLion 

Police station 

City hall 

Nmn. 

201 

202 

202 

203 

203 

204 

204 

204 

206 

205 

Disll'lct 

B·3,R·3 

B-3, R·3 

B-3, R·3 

B-2 

B·3, R-3 

LotA,.ea 

130,000 

20,000 

10,000 

8,000 

10,000 

16,000 

12,000 

16,000 

20,000(a) 

20,0011(&) 

20,000(a) 

20,000(a) 

20,000 

20,000(a) 

20,000(8) 

20,000 

20,000 

10,000 

8,000 

·&,000 

8,000 

LotAr-.a 

20,00Q_ 

40,000 

20,000 

40,000 

20,000 

40,000 

20,000 

10,000 

40,000 

10,000 

Table of Dimensional Requirements 

Su-.et 
li'r-ontage 

300 

126 

90 

80 

90 

120 

100 

120 

120 

120 

• 120 

120 

120 

120 

120 

120 

126 

90 

80 

60 

60 

Street 
li'I'Ontage 

120 

120 

90. 

120 

90 

. 120 

90 

90 

120 

90 

Heiglot 

30 

30 

36 

86 

26 

36 

36 

26 

36 

26 

25 

36 

40 

36 

36 

36 

so 
36 

85 

40 

40 

Height 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

~Lot 

Cou. 

·10 

20 

26 

so 
26 

25 

30 

25 

40 

40 

35 

40 

40 

40 

40 

40 

20 

25 

30 

.100 

76 

~Lot 

Cou. 

40 

30 

40 

30 

40 

30 

40 

40 

30 

40 

·-

Open 
SpQJ!e 

NA 
1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000(b) 

1,000(b) 

1,000(b) 

1,000(b) 

1,000(b) 

1,000(b) 

l,OOO(b) 

1,000(b) 

1,000 

1,000 

1,000 

NA 
NA 

Opero 
Space 

NA 
4,000 

1,000 

NA 
1,000 

NA 
1,000 

NA 
NA 

1,000 

Fnml 

00 

so 
26 

~ 

26 

26 

~ 

26 

~ 

~ 

~ 

~ 

~­

~ 

~ 

~ 

30 

26 

20 

0 

20 

F1Yml 

20 

20 

20 

20 

20 

20 

20 

0 

20 

20 

·-

Ya,.d Requir~me11ts 

Side 

60 

20 

10 

10 

10 

20 

10 

20 

10 

10 

10 

10 

20 

20 

20 

10 

20 

10 

10 

0 

10 

Yal-d Requlremellls 

Side 

20 

20 

10 

20 

10 

20 

10 

0 

20 

10 

Real" 

00 

so 
26 

w 
25 

u 
~ 

25 

w 
00 

~ 

~ 

~ 

~ 

w 
~ 

30 

26 

20 

0 

20 

Roal" 

20 

20 

20 

20 

20 

zo 
20 

0 

20 

20 

~ 
~ 
~ 

l 

I 
~ 

I 

s 
;i.. 
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2. JNSTITUTIONA,l.IOOVEll.NMENT/MEDlCAL .~ 
Yard &quil'ementa ·> 

Street %Lot Open 
Uae Num. District LotAt'ea Frontogs HeiBht Cou. Space Front Side Real' 

206 B·2 10,000 90 40 40 NA 0 0 0 

U.S. poa~ office 206 

Public works 207 6Q,OOO 200 36 30 NA 60 50 60 

Hospiwl 208 200,000 200 40 60 NA 20 20 20 

Nursing home 209 20,000 120 36 40 1,000(b) 20 20 20 

Ve!Airinary hospl~l 210 20,000 120 30 40 NA 30 40 80 

Public parking 211 See section VII Parking for requirements 

Llbrary/n111aeunt 212 20,000 120 40 40 NA 20 20 20 

Private education 213 20,000 90 36 30 2,000 20 20 20 

213 B·l; ll·2, B·3 10,000 80 35 40 1,000 20 10 20. 

Private education real· 214 20,000(h) 100 36 30 2,000 20 . 20 20 
dence 

214 8·1, B-2, B-3 lO,OOO(b) 80 35 40 1,000 20 10 20 

3, AGRICULTURAUOPEN SPACE 

I 
Yal'd Requirements 

g Street %Lot Open 
Use Num. Diolt'ict Lot Area Ft-o'!toge Height ,Cou. Space FI'OIIt Sick Reat· 

?:'" 
t-:1 Agricultural 301 130,000(c) 300 30 20 NA 30(c) 20 30 00 

302 C'.l 
303 0 

304 ~ 
Country club 305 130,000 200 so 10 NA 60 50 60 

Park/playground 306 

4. BUSINESS 

Yllltl Requll'etnetlla 
Stt11et .,Lot Open 

Uae Num. Dislt'lcl Lot At'tll Fl'ontoge Height Cou. Space ·Fnmt Sick Rear 

Shopping canten 401 B·1 250,000 120 40 30 NA 40(j) 40(j) 40(j) 

Specialty shopping cen· 402 B-1 30,000 100 30 30 NA 40 40 40 
Ura 

402 B·2 6,000 60 40 100 NA 0 0 0 

402 B·S 20,000 90 40 60 NA 10 10 10 
402 WMU 20,000 60 40 30 NA 10 10 10 

Re~il trade 403 B·l 20,000 90 36 30 NA 20 20 20 

403 B·2 5,000 60 40 100 NA 0 0 0 
403 B-3 10,000 90 40 6U NA 20 10 20 

403 WMU 10,000 60 40 . 30 NA 10 10 10 
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APPENDIX A-ZONING ORDINANCE XIX-A 

sional requirements and the table of allowable 
uses. The following additional dimensional con-
trols are also required. · 

{a.] The following- uses, including all neces­
sary parking, circulation, and other rights 
of way, are allowed by special permit in 
the WMD district only when they do not 
exceed thirty-three (33) percent of the 
total applicable land area of the overall 
development project. 

[1.] Use #416. Offices which are marine­
related. 

[2.] Use #501. Restaurants, eating and 
drinking establishments provided 
they are part of and within the bound­
aries of a marine dependent/fishing 
related use complex. 

[b.] The following uses, including all neces­
sary parking, circulation and other rights 
of way, are allowed by right in the WMD 
district only when they do not exceed 
thirty-three (33) percent -of the total ap­
plicable land area of the overall develop­
ment project. 

[1.] Use #101. Single-family residential. 

[2.] Use #102. Two-familY. residential. 

[3.] Use #103. Multi-family residentiaL · · 

[4.] Use #405. Mixed use. 

·2. WMU Waterfront J'!Lixed use dis_trict. The 
allowable uses and de~ity requirements .for the 
WMU ·district are found in the table of dimen­

. sional req~ements and the table of allowable 
uses. 

. (Ord. of 3-28-88(2), § 10) · 

XVIll-D Density bonus. 

1. A bonus density for residential uses is al­
lowed when specific types of public. access are 
provided for. When a development project has 
frontage on the Merrimack River, the public ac­
cess provision should provide perpendicular ac­
cess extending from: the first major side street 
adjacent to the project to the Merrimack River 
and parallel access along the Merrimack River. 
When a project does not have ·frontage on the 

Merrimack River, the public access should pro­
vide perpendicular access toward the river for the 
entire length of the property. . · 

2. The public access can be· in the form of a 
right of way or as an improved access way. The 
SPGA has approval authority as to the location, 
width, type of material and extent of the public 
access. 

3. Calculation of density bonus [shall be as 
follows:] 

a. Provision of a ten-foot wide public·a<;:cess 
. right--of-way. 

The .square foot area (not to exceed ten 
(10). feet in width unless found to·be in the 
public interest by the SPGA) which. is 
dedicated as a public access rig:Q.t of way 
·may be added to the thirty:three (33) 
percent applicable land area for residen­
tial uses. 

A minimum of one (1) residential unit 
may· be added when said light-of-way is 
provided. · 

b. Provision of a ten-foot wide right--of-way 
and a minimum of a five-foot wide im­
proved access way: · 

The square foot area (not to exceed ten 
(10) feet in width unless found to be in the 
public interest by the SPGA) which is 
dedicated as a public access right of way 
may be doubled in area and added to the. 

· thirty-three (33)' percent applicable land 
area for residential uses. 

A min.in1um of two (2) residential Units .. 
may be added when s~d right-of-way is 
provided. 

(Ord. of 3-28-88(2)~ § 10) 

SECTION XIX. WATER RESOURCE 
PROTECTION DISTRICT 

XIX-A Purpose of district. 

The purpose of this water resource protection 
district is: 

1. 'lb promote the health, safety, and general 
welfare of the community by ensuring an 
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adequate quantity and highest quality of 
water possible for residents, institutions 
and businesses of the City ofNewburyport. 

2. To preserve and protect e-xisting and po­
tential waterSheds and aquifers for drink­
ing water supplies. 

3. To prevent temporary and permanent con­
tamination in the water resource protec­
tion district. 

4. To protect the community from the detri­
mental use and development of land and 
water within the water resource protec­
tion district. 

(Ord. of 7-27-98(5)) 

XIX-B Scope .of authority. 

The water resource protection district is an 
overlay district superimposed on the zoning dis­
tricts. This overlay district shall apply to all new 
construction, reconStruction, or expansion of ex­
isting buildings and new or expanded uses. Appli­
cable activities or uses which fall within the water 
resource protection district shall comply with the 
requirements of this district as well as with the 
underlying zoning. Uses that are prohibited in 
the underlying zoning districts shall not be al­
lowed in the water resource protection district. 
(Ord. of 7-27-98(5)) 

XIX-C Definitions. 

For the purpose or'this ordinance [section], the 
following words and phrases shall have the fol­
lowing meanings: 

Aquifer. Geologic formation composed of rock, 
sand, or gravel that contains significant amounts 
of potentially recoverable water. 

Disposal. The deposit, injection, dumping, spill­
ing, leaking, incineration, discharge, or placing of 
any material into or on any land or surface water 
or groundwater so that such material or any 
constituents thereof may enter the environment 
or be emitted into the air or discharged into any 
waters subject to this ordinance. 

Disturbance. Activities including, but not lim­
ited to land clearing and grading, tree and shrub 

removal,mowing,burning,spraying,grazing,soil 
and gravel removal, all construction and any 
other unlawful or disruP,tive activities. 

Groundwater. All water beneath the surface of 
the ground in a saturated. zone. 

Impervious. Material or structure on, above, or 
· below the ground that does not allow precipit;a­

tion or surface water to penetrate directly into the 
soil. 

Mining. The removal or relocation of geological 
materials such as topsoil, sand, gravel, metallic 
ores, or bedrock: 

Recharge areas. Areas that collect precipitation 
or surface water and transmit it to aquifers. 

Surface water. All water open to the atmo­
sphere and subject to surface runoff, including 
but not limited to rivers, streams, lakes, ponds, 
spririgs, impoundments, estuaries, wetlands, 
coastal waters, and vernal pools. 

Water resource protection district. The zoning 
district defined to overlay other zoning districts in 
the city. The water resource protection district 
includes three distinct watershed zones for sur­
face water sources: Zone A, Zone Band Zone C. 
The water resource protection district includes 
two distinct zones for groundwater sources: Zone 
I and Zone IT. 

Toxic or hazardous material. Any substance or 
mixture of substances which, because of its phys­
ical, chemical or infectious characteristics, posing 
a significant actual or potential hazard to water 
supply or to human health if such substance or 
mixture were discharged to land or water of the 
city. 'Ibxic or hazardous materials include, with­
out limitation, synthetic organic chemicals, petro­
leum products, heavy metals, radioactive or infec­
tious wastes, acids and alkalis, and all substances 
defined as toxic or hazardous under M.G.L.A c. 
21C and 21E, and 310 CMR 30.00 as well as such 
products as solvents and thinners in quan~ties 
greater than those associated with normal house­
hold use. 

Tributary. Any body of running, or intermit­
tently running, .water which moves in a definite 
channel, naturally or artificially created, in the 
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ground due to a hydraulic gradient, and which 
ultimately flows into a Class A surface water 
source, as defined. in 314 CMR 4.05(3)(a). 

Watershed. Land area bot.inded by a ridgeline of 
higher elevation, or drainage ·divide, from which 
surface runoff and groundwater flow downgradi­
ent into streams, ponds, reservoirs, wetlands, and 

. aquifers. An aquifer is located within a watershed 
and is recharged by precipitation falling on wa-

. tershed land. 

The watershed zones are generally defined by the 
direction of the flow of :water. These zones are 
specifically shown on the delineation map identi­
fied in section X!X.:.D of this ordinance entitled 
''Water Resource Protection District, City of 
Newburyport". The watershed zones are de­
scribed as follows: 

Watershed Zones: 

a. Zone A: (a) The land area between t}:le 
surface water source and the upper bound­

.7 a.ry of the bank; (b) ~e land area within a 
' 400 foot lateral distance from the upper 
· bounda.rY of the bank of a Class A surface . 
.. water source, as defined in 314 CMR 4.05 
· (3)(a); and (c) the land area within a two 
·· htindred!.foot lateral distance from the 

·· ·upper boundary of the bank of a tributary 
or associated surface water body. 

b. Zone B: The land area within one-half 
mile of the upper boundary of the bank of 
a Class A surface water source, as defined 
in 314 CMR 4.05(3)(a), or edge of the 
watershed, whichever iS less. However, 
Zone B shall always include the land area 
within a four-hundred-foot lateral dis­
tance from the upper boundary of the 
bank of the Class A surface water. source. 

c. Zone C: The land area not designated as 
Zone A or Zone B within the watershed of 
a Class A water source as defined in 314 
CMR 4.05(3)(a). 

d. Zone I: The zone encompassing the area 
which falls within a four-hundred-foot ra­
dius from the municipal well shaft. 

e. Zone II: The area of an aquifer which 
contributes water to a municipal well un-

der the most severe pumping and re­
charge conditions that can be realistically -
anticipated (one hundred eighty (180) days 
of pumping at safe yield with no recharge 
from precipitation), as defined in 310 Code 
ofMassachusetts Regulations (CMR) 22.00. 
This area shall be considered to be a 
one-half (112) mile radius from the well 
shaft until such time that the Zone II has 
been delineated by an approved hydrolo- · 
gist. 

(Ord. of 7-27-98(5)) 

X1X-D Establishment and delineation of a 
water resource protection district. 

This ordinance establishes within the City of 
Newburyport certain water resource protectio~ 
zones, consis~ of watershed areas of the Indian 
Hill Reservoir, Articho~e Reservoir and Zone I -
and Zone II of the groundwater sources, which are 
delineated on a map. This map is at a scale of o~e 
inch to eight. hundred (800) feet and is entitled 
"Water Resource Protection Di&trict, City of 
Newburyport" dated July 10, 1997. This map is 
hereby made.part of the city zoning ordinance and 

. is on file in the office of the city plann~r and water 
departmentofiice. · 
(Ord. of 7-27-98(5)) 

XIX-E Allowed uses within the water re­
source protection district. 

Water supply related activities will not be 
subject to regulations within this ordinance [sec­
tion]. 

The following uses are allowed within the wa­
ter resource protection district, provided that all 

. ·necessarY' permits, orders, or approvals required 
by loc:;al, state or federal law are first obtained: 

1. Conservation of soil, water, plants, and 
wildlife. 

2. Outdoor recreation, nature .study, boat­
ing, fishing, and hunting where legally 
permitted, subject to sections XIX-H, I, 
and J (prohibited uses) and section XIX-K 
(special permitted uses). 

3. Foot and/or bicycle paths and associated 
bridges. 
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4. Normal operation and maintenance of ex­
isting water bodies and dams, splash­
boards, and other water control, supply, 
and conservation devices. 

5. Maintenance, repairs, and enlargement of 
any existing structure, subject to sections 
XIX-H, I, and J (prohibited uses) and 
section XIX-K (special permitted uses). 

6. Residential development, subject to sec­
tions XIX-H, I, and J (prohibited uses) 
'andsectionXIX-K(specialpermitted uses). 
. . 

7. Farming, gardening, nursery, conserva­
tion, haryesting, and grazing, subject to. 
sections XIX-H, I, and J (prohibited uses) 
andsectionXIX-K(specialpermitted uses). 

8. Construction, maintenance~ repair, and 
enlargement of drinking water supply re­
lated facilities such as, but not limited to, · 
wells, pipelines, aqueducts, and tunnels. · 
Underground storage tanks related to these 
activities are not categorically allowed. 

(Ord. of 7-27-98(5)) 

XIX-F Prohibited uses within the water re­
source protection district • 

. Notwithstanding the general power conferred 
by section X-H(6XA) of the zoning ordinance upon 

. the zoning board of appeals to grant use vari­
ances, no use variance shall be granted so as to 
permit any of the uses prohibited by the foregoing 
section. 

The following uses are prohibited within the 
entire water resource· protection district: 

1. Landfills and open dumps as defined in 
310 CMR 19.006. 

2. Landfilling of sludge or septage as defined 
in 310 CMR 32.05. 

3. Storage of sludge and septage, unless 
such storage is in compliance with 310 
CMR 32.30 and 310 CMR 32.31. 

4. Automobile graveyards andjunkyards, as 
defined in M.G.L.A. c. 140B, § 1. 

5. Storage of liquid hazardous materials, as 
defined in M.G.L.A. c. 21E, unless in a 
freestanding ·containers within a building 

or above ground with s~condary contain­
ment adequate to contain a spill one hun­
dred ten (1!0) percent the size of the 
co:p.tainers total storage capacity. 

6. Stockpiling and disposal of snow and ice 
containing deicing chemicals as well as 
disposal of such material directly into a 
tributary to the principal water supply: 

. 7. Structures· other than those related to 
flood control or water supply, within the 
Zone A or Zone I. 

8. Placement of fill, unless the fill has been 
designated as "clean fill." 

9. Storage of deicing chemicals, unless such 
storage (including loading areas) is within 
a structure designed to prevent the gen­
eration and escape of contaminated runoff 
or leachate. 

10. Any other activity deemed likely to cause 
or contribute to the contamination of the 
public water supply. 

11. No water shall be diverted out the water 
resource protection district. 

(Ord. of7-27-98(5)) 

XIX-G Prohibited uses· within the Zone A, 
Zone B, Zone I and Zone II . 

In addition to prohibitions in section XIX-H, 
the following uses are prohibited within the Zone 
A, Zone B, Zone I, and Zone II of the water 
resource protection district: 

1. Individual sewage disposal ·systems that 
· ·are designed and located in accordance 

with 310 CMR 15.000 to receive more 
than one hundred ten (110) gallons of 
sewage per .quarter acre under one own­
ership per day, or four hundred forty ( 440) 
gallons of sewage on any acre under one 
ownership per day, whichever is greater, 
except the replacement or repair of an 
existing system that will not result in 
design capacity above the original design. 

2. Storage of animal manure unless covered 
or contaili.ed so as to prevent the genera­
tion and escape of contaminated runoff or 
leachate. 
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3. Earth removal, consisting of the removal 
of soil, loam, sand, gravel or any other 
earth material (including mining activi­
ties) to within six (6) feet of historical high 
groundwater as determined from monitor­
ing wells and historical. water table fluc­
tuation data compiled by the United States 
Geological Survey, except for excavations 
for building foundations, roads, or utility 
works. 

4. Facilities that generate, treat, store, or 
dispose of hazardous waste subject to 
M.G.L.A. c. 21C and 310 CMR 30.00, 
except the following: 
a. Waste oil retention facilities required 

by M.G.L.A. c. 21C, § 52A. 

b. Water remediation treatment works 
approved under 314 CMR 5.00. 

5. Treatment works that are subject to 314 
CMR 5.00, including privately owned sew­
age treatment facilities, except the follow­
ing: 
a. Replacement or repair <Jf an existing 

treatment works that will not result 
in a design capacity greater than the 
d~sign capacity of the existing treat­
ment works. 

b. Replacement of existing subsurface 
sewage disposal system(s) with waste · 
treatment works that will not result 
in a design capacity greater than the 
design capacity of the existing sew­
age disposal system(s). 

c.. Treatment works designed for the 
treatment" of contaminated surface 
water and groundw:ater, approved by 
the Massachusetts Department of 
Environmental Protection. · 

6. Industrial and commercial uses which dis­
. charge process wastewater on site. 

7. Alteration of any bordering vegetated 
wetland. · 

8. Incinerators. 

9. Storage of liquid petroleum products, ex­
cept the following: 
a. · Normal household use, outdoor main­

tenance, and heating of a structure. 

b. Waste oil retention facilities required 
by statute, rule, or regulation. 

c. Emergency generators required by 
state regulations. 

d. Treatment works approved under 314 
CMR 5.00 for treatment of ground or 
surface waters. 

Provided that such storage, listed in items 
a. through d. above, is in freestanding 
containers within buildings or above 
ground with secondary containment ade­
quate to contain a spill the size of one. 
hundred ten (110) percent [of] the 
container's total storage capacity. · 

10. Commercial repair, servicing, washing, and 
rebuilding of vehicles, boats, and other 
large motorized equipment other than for 
normal household or farming activities. 

11. Storage of commercial fertilizers, as de­
fined in M.G.L.A. c. 128, § 64, unless such 
storage is within a structure designed to 
prevent the generation and .escape of con­
taminated runoff or leachate. 

(Ord. of 7-27-98(5)) 

XIX-H Prohibited uses within the Zone A 
and Zone I. 

In addition to the prohibitions and restrictions 
in sections XIX-H and I of this ·water resource 
protection district, the following activities are 
prohibited within the Zone A and Zone I, but are 
not limited to this list. 

1. Any activity, other than for flood control 
or municipal water supply, which causes 
earth movement or disturbance. 

2. Construction or placement of any perma­
nent s:t;ructures, other than those associ­
ated with flood control or water supply. 

3. Any surface or subsurface discharge, in­
cluding, but not limited to. stOrmwater or 
hazardous materials, except as allowed by 
special permit. 

4. Wading, swim.ining, bathing or boating in 
the municipal water supply or its tribu­
taries. 
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5. Horse paths. 

6. Construction of new roads. 

7. Any burial place or cemetery within one 
hundred (100) feet of the high water mark 
of a tributary. 

8. Storage of animal manure, aven if covered 
and contained. 

9. Facilities that generate, treat, store, or 
dispose of hazardous waste subject to 
M.G.L.A. c. 21C and 310 CMR 30.00, 
regardless of siz~ and quantity of hazard­
ous waste generated. 

10. Sno\vmobiliri.g, dirt biking, all terrain ve­
hicles (ATVs), sea planes and any other 
activities that in the opinion of the SPGA 
presents a threat to the water supply or 
the watershed. 

(Ord. of7-27-98(5)) 

XIX-I Uses requiring a speciai permit within 
the -entire water resource protection 
district. · 

The following uses and activities are allowed 
only upon the issuance of a special permit by the 
zoiling board of appeals under such conditions as 
the board may require. 

. 1. Enlargement or alterations of existing 
use~ that do not conform to the water 
-resource protection district. 

2. Application of pesticides; herbicides, in­
secticides, fungicides, and.rodenticides for 
nondomestic or nonagricultural uses in 
accordance with the state · and federal 
standards. The special permit shall be 
granted if such standards are met. If 
applicable, the application shall provide 
docunientation of compliance with a yearly 
operating plan (YOP) for vegetation man­
agement"operations under 333 CMR 11.00 
or a Department of Food and Agriculture 
approved Pesticide Management Plan or 
Integrated Pest Management (!PM) pro­
gram under 333. CMR 12.00. 

3. Application of fertilizers for nondomestic 
or nonagriculture uses. Such application 
shall be made in a manner so as to mini-
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mize adverse . impacts to surface water 
and groundwater quality due to nutrient 
transport, depos~tion, and sedimentation. 

4. Activities which involve the handling of 
tOxic or hazardous materi8.Is in quantities 
greater than those associated with nor­
mal household use, if allowed in the un­
derlying zoning (except as prohibited un­
dersectionsX1X-H, I. andJ). Such activities 
shall require a special perinit to prevent 
contamination of surface water and ground­
water. 

5. Construction of dams or other control 
devices, ponds or other changes in water­
bodies or courses, ·created for swimming, 
fishing or other recr~ational uses, agricul­
tural uses, or .drainage improvements. 

· Such activities shall not adversely affect 
water quality· or qu~tity. 

6. Any use that will render impervious more 
than five thousand (5,000) square feet of a 
residential lot or ten thousand (10,000) 
square feet of a nonresidential lot: A sys­
tem for groundwater recharge shall be 
provided which does not degrade ground 
or surface water quality. For all nonresi­
dential uses, recharge shall be by storm­
water infiltration basins or similar sys­
tems covered with natural vegetation. Dry 
wells shall be used oruy where other meth­
ods are infeasible. For all nonresidential 
uses, all such infiltration basins and dry 
wells shall be preceded by oil, grease, 
and/or sediment trap~ to facilitate re­
moval of contaminants. All recharge areas 
shall be regularly maintained in proper 
working order by the owner:. 

7. Residential construction upon a lot with 
an average slope exceeding fifteen (15) 
percent. An acceptable plan for site stabi­
lization and control of erosion and sedi­
mentation shall be provided. 

.. · ~ 

8. Any new stormwater runoff shall be set 
back from the receiving water a minimum · 
of one hundred (100) feet, and shall in­
clude best management practices appro­
priate to the site. Existing and ·replace-
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ment discharges shall be set back from· 
the receiving water when either the site 
stormwater drainage system is changed 
or the disch~ge is increased. The best 
manag~ent practices shall be designed 
so as to maximize infiltration and mini­
mize erosion, and to mitigate water qual­
ity impacts, including those due to total 
suspended solids and oil and grease. This 
applies to stormwater runoff from all im­
pervious surfaces, including roads and · 
parking lots. · 

(Ord. of7-27-98(5)) 

XIX..J Procedures for issuance of special p~r-
. •mit. 

1. The special permit granting authoritY (SPGA) 
·under this ordinance shall be the. zoning board of 
appeals. Such special permit n:i.ay be granted if 
the SPGA determines, in conjunction with the . 
boardj,f water commission, sewer comrillssion, 
board:; of health, conservation commission and 
depari.ment of public works that the intent of this 
ordin~ce, as well, a8 its specific criteria, are met. 
The Sl?GA shall not grant a special permit under 
this section unless tlie petitioner's application 
matena.Is include, in the SPGA's opinion, suffi­
ciently detailed, definite, and credible informa­
tion to support positive findings in relation to the 
standards given in this section. The SPGA shall 
document the· basis for any departures from the 
recommendations of the other municipal boards 
or agencies in its decision. 

2. Upon receipt of the special permit applica­
tion and filing fee, the SPGA shall transmit one 
copy each to the board of water commission, sewer 
cominission, board of health, conservation com­
mission and the department of public works for 
their written recommendations. Failure to re­
spond in writing within sixty (60) days of receipt 
shall indicate approval or no desire to comment 
by said agency. The requisite number of applica­
tion copies shall be furnished by the applicant. 

3. The SPGA may grant the required special 
permit only upon finding that the proposed use 
meets the requirements specified in sections XIX-E, 

F, G, H, and I of this ordinance, any regulations or · 
guidelines adopted by the SPGA, and the follow­
ing standards. -:The proposed use must: · 

a. In no way adversely aff~ the existing or 
potential quality or quantity of water that 
is available for on-site recharge in the 
water resource protection district, during 
or after construction. 

b. Be designed to avoid substantial distur­
bance of the soils, topography, drainage, 
vegetation, and other water related natu­
ral characteristics of the site to be devel­
oped, in adherence to the practices out­
lined iii "Guidelines for Soil and Water 
Conservation in Urbanizing Areas of Mas­
sachusetts" (USDA Soil .Conservation Ser-

. vices, October 1977). 

4. The SPGA may adopt regulations to govern 
design features of projects. Such regulations shall 
be consistent with subdivision regulations adopted 
by the city. 

5. The applicant for a special permit shall file 
fifteen (15) copies of a site plan and attachments. 
The site plan shall be drawn at a proper scale and 
be stam~ by a professionai engineer as deter­
mined by the SPGA. All additional submittals 
shall be prepared by qualified professionals. ·The 
site plan and its attachments shall include at a 
minimum the following information where peJ:ti­
nent: 

a. A complete list of chemicals, 'pesticides, 
· fertilizers, fuels, and other potentially haz­

ardol,ls materials to be used or stored on 
the premises i,n quantities greater than 
those associated with normal household 
use. 

b. For those activities using or storing such 
h~ardous materials, a hazardous ·mate­
rials management plan shall be prepared 
and filed with the hazardous matenals 
coordinator, fire chief, and board ofhealth. 
The plan shall include: · 

i. Provisions to protect against the dis­
charge of hazardous materials or 
waste to the environment due to 
spillage, accidental damage, corro-
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sion, leakage, or vandalism, includ­
ing spill containment and clean-up 
procedures. 

ii. Provisions for indoor secured stor­
age ofhazardous materials and waste 
on impervious floor surfaces. 

iii. Evidence of compliance with Regula­
tions of the Massachusetts Hazard­
ous Waste Management Act 310 CMR 
30.00, including obtaining an EPA 
.identification number from the Mas­
sachusetts Department of Environ­
mental Protection. 

c. Proposed down-gradient locations for sur­
face water or groundwater monitoring 
should the SPGA deem the activity a 
potential surface water or groundwater 
threat. 

6. The SPGA shall hold a public hearing, in 
conformity with the provision ofM.G.L.A. c. 40A, 
§ 9, within ninety (90) days after the filing of the 
application and after the review by the appropri­
ate city boards, departments, and commissions. 

Notice of the public hearing shall be given by 
publication and posting and by first-class mailing 
to "parties of interest" as defined in M.G.L.A. c. 
40A, § 11. The decision of the SPGA and any 
extension, modification, or renewal thereof shall 
be filed with the SPGA and citY clerk within 
ninety (90) days following the closing of the public 
hearing. Failure of the SPGA to.act within ninety 
(90) days shall be deemed as a granting of the 
permit. However, no work shall commence until a 
certification is recorded as required by said 
M.G.L.A. c. 40A, § 11. 
(Ord. of 7-27-98(5)) . 

XIX-K Enforcement. 

Written notice of any violation of this ordi­
nance [section] shall be given by the building 
inspector/code enforcement officer to the respon-

. sible person as soon as possible upon observation, 
detection, knowledge or proof that a violation has 
occurred. Notice ·to the assessed owner of the 
property shall be deemed notice to the responsible 
person. Such notice shall specify the require­
ments or restriction violated and the nature of the 

violation; and may also identify the actions to 
remove or remedy the violations, preventive mea­
sures required for avoiding future violations, and 
a schedule of compliance. A copy of such notice 
shall be submitted to the board of water commis­
sion, sewer commission, building inspector, board 
of health, conservation commission and depart­
ment of public works. The cost of containment, 
cleanup, or other action of compliance shall be 
borne by the assessed owner of the property. 

For situations that require remedial action to 
prevent impact to the water resources within the 
water resource protection district, the building 
inspector, the board of health, or any of their 
agents may order the owner and/or operator of the 
premises to remedy the violations. If said owner · 
and/or operator does not comply with said order, 
the building inspector, the board of health, or any 
of their agents, if authorized to enter upon such 
premises under the terms of the special permit or 
otherwise, may act to remedy the violation. The 
cost of remediation shall be the sole responsibility 
of the owner and/or operator of the premises. 
(Ord. of 7-27-98(5)) 

XIX-L Severability. 

A determination that any portion or provision 
of this water resource protection district ordi­
nance is invalid shall not invalidate any other 
portion or provision thereof, nor shall it invali­
date any special permit issued previously there­
under. 
(Ord. of 7-27-98(5)) 
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Town of West Newbury 

Zoning By-Law 



SECTION 5.0. USE REGULATIONS 

5 .1. Residence A, B and C District 

5.1.1. 

5.1.1.1. 

5.1.1.2. 

5.1.2. 

5.1.2.1. . 

5.1.2.2. 

5.1.2.2.1. 

5.1.2.2.2. 

5.1.2.2.3. 

5.1.2.2.4. 

Purpose 

The Residence A and B Districts are intended to provide low density residential, 
rural and agricultural areas. 

The Residence C District is intended as a primarily residential area. 

Pennitted uses in the Residence A, B and C Districts in addition to uses permitted 
in all districts (Section 4.0). 

One (1) or two (2) family dwelling. 

Accessory Use, including the following: 

Display and sale or offering for sale by the owner or resident of the land of farm 
produce, provided that the major portion of that produce is raised in theTown of 
West Newbury, and provided that no stand for such sale is located within twenty­
five feet (25') of a street side line, and provision is made for off-street parking. 

Keeping of pets and aniinals for use of the resident of premises, provided that: 

a. All animals permitted to graze within one hundred (I 00') feet of a district 
boundary line or street line shall be fenced. 

b. There sball be a minimum of one half(l/2) acre per horse or cow kept on 
the land. 

c. Animals sball be cared for in accord with all rules and regulations of the 
Board ofHealth pertaining to the keeping of animals. 

Boarding house or r<?olning house for not more than four ( 4) persons, provided 
that the house is also occupied as a private residence. 

Professional office or customary home occupation, such as the office of a doctor 
or dentist and such as the work of a dressmaker provided that: 

a. The profession or customary home occupation is conducted by a resident 
of the premises. 
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b. The use is clearly incidental to and secondary to the use as a residence. 

c. No more than one (1) person, other than residents of the premises, is 
regularly employed in cormection with such use. 

d. No noise, vibration, smoke, dust, odors, heat, glare, unsightliness or other 
nuisance is produced which is discernible from other properties. 

e. & f. SEE PAGE 12. 

11. 



e. There is no public display of goods or wares, and no signs except an announcement 
sign with not more than a fifteen (15') foot perimeter bearing the name of the resident 
and the type of home occupation -or profession.· 

f. There is -no exterior storage of material or equipment and no exterior evidence of a 
non-residential use of the premises, and no hardtopping of areas normally landscaped 
in the front of a building in a residential area. 

S .1.2.2.5. A private garage for not more than· fo\ir { 4) automobiles, storage sheds, swimming pools, 
summer houseS, and areas to park vehicles, provided that: 

a. No more than three (3) commercial vehicles registered by the Commonwealth of 
Massachusetts shall be parked, screened from view, or parked in an accessory building 

in a Residential District, except during the process of making deliveries. 

b. No more than two (2) commercial vehicles registered by the Commonwealth of 
Massachusetts in the Class 3 Category as defined by the Commonwealth of 
Massachusetts Registry of Motor Vehicles, "Drivers' License Manual", page 2, 1970 
shall be parked in the front yard or side yard in front of the main building. 

c. Vehicles in the Class I or Class· 2 Category as defined by the Commonwealth of 
Massachusetts, Registry of Motor Vehicles, "Drivers' License Manual", page 2, 
1970, and commercial trailers other than two (2) wheel utility trailers or camping 
trailers shall not be parked except in an accessory building or when screened from 
view from the street and abutting property. 

d. School buses under contract to the School Committee of:rJ!e Town ofW~t Newbury 
shall be parked off the street. Approval to park any School Bus in a Residential 
District shall be sought from the Board of Appeals following a Public Hearing, see 
Section 8.1. The Board of Appeals may require restrictions in allowing the off-street 
parking of school buses~ 

e. Commercial vehicles which are unregistered or abandoned shall not be parked on any 
land except in an accessory building or when screened from view from the street and J 

abutting property. 

f. Notwithstanding, the provisions of paragraphs a)-e) above, a vehicle parked in 
connection with an existing non-conforming use can continue to be parked in the same 
place and manner as customarily parked prior to the adoption of the Zoning By-Law, 
and further the Board of Appeals may grant an exception with or without conditions to 
the provisions of paragraphs a)-e) as provided in Section 8.0. 

g. No more than two (2) unregistered vehicles of any class or type shall be parked or 
stored on. any lot unless they are parked or stored within a structure. 

TOWN OFWESTNEW&UII.YZONING BY-tAW 12. 
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5 .1.3. Uses permitted in the Residence A, B and C Districts on a special permit granted by the 
Planning Board subject to appropriate conditions where such are deemed necessary to 
protect the neighborhood or the Town in accord with the provisions of Section 8.1. 

5.1.3.1. Commercial greenhouse, cider mill or saw mill, provided that; 

5.1.3.1.1. All outdoor storage is screened from view from public right-of-ways. 

5.1.3.2. Riding stables, kennels, animals hospitals or veterinary, provided that: 

5.1.3.2.1. Adjacent properties shall be.adequatelyprotected from noise, odors and unsightly 
appearance. 

5.1.3.2.2. Cadavers and contaminated animals are disposed of in accord with applicable Town and 
State Regulations. 

5.1.3.2.3. Animals are housed within a building and all facilities for breeding, boarding, treating and 
kennelling animals are within a building. 

5.1.3.2.4. Open air exercise yards and animals runs shall be enclosed by fencing located no less than 
fifty (50) feet from any property line. 

5.1.3.3. Non-profit day camps and camp sites where tents are used for structures, picnic areas, golf 
courses, boating, fishing and hunting where legally permitted, parks and any other 
non-commercial open-air recreation use, provided that 

5.1.33.1. No motorized vehicles except for golf carts are used in connection with the use, except for 
maintenance. 

5.1.3.3.2. There are no restaurants or bars in connection therewith. 

5.1.3.3.3. There is no outside electric amplification used or outside lighting for night sports. 

5.1.3.4. Restaurant or inn, provided that 

5.1.3.4.1. All service is within the structure. 

5.1.3.5. Telephone exchange buildings, radiQ stations, and other utility structures, provjded that: 

5.1.3.5.1. There are no service yards or outdoor storage. 

5.1.3.6. Remodeling an existing dwelling or an accessory building thereto to accommodate one (1) 
additional unit, provided that 

} 5.1.3.6.1. The building was in existence on April 1, 1982. 

13. 



5.1.3.6.2. In addition to the requirements of Section 6.1., there shall be another ten-th<.. •sand (10,000) 
square feet of land area, except that lots located in the Residence C District served with 
public water need have only another five thousand (5,000) square feet. 

5.1.3.6.3. No more than twenty-five (25) percent of the lot area is covered.by structures. 

5.1.3.6.4. There is at least one (1) off-street parking space for each bedroom and efficiency apartment 
contained in the structure, which space shall be provided behind the set back line. 

5.1.3.6.5. There is provision for screening by fencing or landscaping of outside storage areas. 

5.1.3.6.6. The building is served by municipal water or a supply approved in writing by the Board of 
Health. 

5.1.3.6.7. The principal structure to be converted shall contain at least eleven hundred (1100) square 
feet. 

5.1.3.6.8. No unit shall have a floor area ofless than three hundred and fifty (350) square feet plus 
one hundred (100) square feet for each .bedroom over one (1). 

5.1.3.6.9. The floor area of the newly created unit(s) shall be less than fifty (50) percent of the total 
floor area of the principal dwelling unit, after conversion. · 

5.1.3.6.10. The exterior appearance of the structure shall not be altered except for stairways and exits 
required by law. 

5.13.6.11. The principal unit shall be occupied by the owner of the property. 

5.1.3 .6.12. If the secondary unit is in an accessory building, approval of the Planning Board shall be 
obtained with Section 81-Q of Chapter 41 of the·General Laws and with the Rules and 
Regulations of the West Newbury Planning Board Governing the Subdivision of Land. 

5.1.3.6.13. If the second unit is discontinued and integrated into the original structure design, the 
owner shall notify the InspeCtor of Buildings in writing. 

5.1.3.7. Funeral homes and cemeteries, but not a mortuary or crematorium. 

5.1.3.8. Nurs~g homes, convalescent homes, old age homes, sanitariums, hospitals. 

5 .1.3 .9. Congregate housing for the elderly and shared elderly housing providing that: 

5.1.3.9.1. In additjon to the requirements of Section 6.1., the lot shall contain at least one-half (112) 
again the required lot area for the District in Which it is located. 

5.1.3.9.2. There shall. be i10 more than twelve (12) persons per unit and no more than ~o (2) 
persons per bedroom. 

TOWN Of' WESt' NEWBURY ZONRIG BY -lAW 14. 
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5.1.3.9.3. All required licenses and permits from the Commonwealth and the Board of Health have 
been obtained. 

5.1.3.9.4. The use is served by municipal water. 

5.1.3.9.5. Off-street parking is provided· in the side or rear yards. 

5.1.3.9.6. Off-street loading, if any, is in the rear of the structure. 

5.1.3.10. Non-profit schools, kindergartens, nursery schools, children centers, arts, crafts and 
dramatic schools, dancing and music schools. 

5.1.3.11. Non-profit membership clubs, providing that: 

5.1.3.11.1. Facilities for serving food and beverages are not open to the public .. 

5.1.3.11.2. All activities connected with the club, except as permitted in 5.1.3.3. and except for 
off-street parking are contained within the structure. 

5.1.3.12. 

5.1.3.13. 

5.1.4. 

5.1.4.1. 

5.1.4.1.1. 

Off-street parking and loading in accord with the provisions of Section 7 .2. 

Any use determined to be of similar character to the permitted uses of this district and to 
the intent of this district, (said determination to be made by the Board of Appeals 
following petition of the land owner or owner(s). 

Uses permitted in the Residence B and C Districts on a Special Pennit granted by the 
Planning Board subject to appropriate conditions where such are deemed necessary to 
protect the neighborhood or the Town in accord with the provisions of Section 8.1. 

Dwelling containing not to exceed four ( 4) units, provided that: 

The lot shall have at least four (4) times the minimum lot area for the District in which it 
is located. 

5.1.4.1.2. The units are serviced with Town water. 

5.1.4.1.3. No such structure shall be constructed or placed. on land shown as Medisaprists, Scarboro, 
Ipswich or Westbrook Soils, or on soils listed in Table 16 as having frequent flooding 
and/or depth to water table of less than six ( 6) feet, and shown ·on a map or maps 
contained in the "Soil Survey of Essex County, Northern Part", U.S. Depa.rtiD.ent of 
Agriculture, Soil Conservation Service, February 1981, on file with the Planning Board 
and the Town Clerk. · 

5.1.4.1.4. The structure shall be designed to conform to the natural terrain. 
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5.1.4.1.5. The structure shall be of an architectural style which is compatible with the prevailing style 
in the area in which it is located. 

5.1.4.1.6. The percolation rate for the parcel on which the structure is located shall be less than 
fifteen (15) minutes per inch. · 

5.1.4.1. 7. All parking shall be located to the rear of the front setback line. 

5.2. BUSINESS DISTRICT 

5.2.1. In a Business District the following uses are permitted subject to a site plan approved by 
the Planning Board in accord with section 8.0. 

5 .2.1.1. Retail store or service establishment, the principal activity of which shall be the offering of 
goods or services at retail within the building. 

5.2.1.2. Business or professional offices or banks. 

· 5.2.1.3. Restaurants or other places for serving food within a structure. 

5.2.1.4. Parking areas or garages for use of employees, customers, or visitors. 

5.2.1.5. Accessory buildings and uses provided that: 

5.2.1.5.1. Outdoor storage and display is conducted in the rear and/or side yard, and such storage or 
display is screened from view of dwellings in abutting Residence ~ B or C Districts with 
shrubs or a fence of at least four { 4) fee~ in height. 

5.2.2. In a Business District the following uses are permitted upon a special permit granted by the 
Planning Board. 

5.2.2.1. Theaters, museums, bowling alleys and other commercial amusement, provided that all 
business is conducted within the structure. 

5.2.2.2. Gasoline service stations, provided that: 

5.2.2.2.1. Repairs shall be limited to minor repairs and adjustments such as changing and repairing of 
tires, but not including recapping; changing and replacing batteries, but not major repair or 

. rebuilding; installing minor accessories; radiator cleaning and flushing or steam cleaning. 

5.2.2.2.2. There shall be no storage of motor vehicles, appliances and equipment on the premises 
other than those in process of allowable repair or awaiting delivery or in an enclosed 
structure. 

5.2.2.2.3 Sales are limited to retatl sale of gasoline, oil, tires, batteries and new accessories. 
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APPENDIXE 

EMERGENCY REPONSE PLAN 

Weston & Sampson 
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EMERGENCY RESPONSE 
CONTACTS 

NEWBURYPORT WATER WORKS 
NEWBURYPORT, MA 

2002 

PWS # 3206000 



LOCAL AUTHORITIES AND DEPARTMENTS 

Fire Dept 
Police Dept. 
Health Dept. 
Civil Defense 
Mayor 

Water Commissioners 

Chief Cutter 
Marshall Howard 
Edward Gallagher 
Ralph Ayers 
Alan Lavander 

(Chairman) David Erickson 
(Vice-Chairman) Gerald Volpone 

Gretchen Friede 
Barbara Cook 
Richard Bartlett 

(978)465-4427 
(978)465-4411 
(978)465-441 0 
(978)465-4424 
(978)465-4412 

(978)462-7327 
(978)465-7272 
(978)462-4311 
(978)462-8321 
(978)465-0364 

WATER SUPPLY RESPONSIBLE AUTHORITIES 

Managing Director Donald Finocchio 

Superintendent . Paul F. Colby 

Const. Forman Daniel Maguire 

Primary Treatment Operators 
Paul F. Colby 

Thomas Smolski 

Norman Colby 

Primary Distribution Operators 
Daniel Maguire 

EugeneRoaf 

w (978)465-4420 
H (978)468-3031 

w (978)465-4466 
h (978)462-981 0 

w (978)465-4467 
h (978)388-0695 

w (978)465-4466 
"h (978)462-9810 

w (978)465-4466 
h (978)465-8005 

w (978)465-4466 
h (978)462-5679 

w (978)465-4467 
h (978)388~0695 

w (978)465-6677 
H (603)929-9881 

AMESBURY OFFICIALS 

Amesbury Water Dept. 
Amesbury Fire Dept. 
Amesbury Police Dept. 

(978)388-0853 
(978)388-8165 
(978)388-1217 



LOCAL NEWS MEDIA I CONTACTS 

NewsQaQer Essex County News (978)462-6666 

Radio Stations WNBP (978)462-14 50 

WHAL (978)374-4733 
WLYT (978)3 7 4-9250 

TV Stations Media One (978)462-1353 

WBZ-TV ( 617)787 -7000 
WCVB-TV (617)449-0400 

HosQital Anna Jaques Hospital (978)463-1 000 

Hazardous/Toxic Clean-UQ Enpro Services (978)465-1595 

Material Su1mliers E.J. Prescott Inc. (800)444-773 8 

Ti-Sales Inc. (800)225-4616 
Stiles Co. (800)426-6246 
Public Works Supply (508)777-2110 

State Police 
STATE AND FEDERAL AGENCIES 

(800)525-5555 

DEP - Wilmington 

DEP- Boston 

(978)661-7 600 

(617)292-5770 

Department of Public Health (day) (617)624-6000 

Nuclear Incident Advisory Team 

Mass Emergency Management Agency 

EPA- Boston 

National ResQonse Center 

Federal Emergency Management Agency 

Occupational Safety & Health Administration 

Communicable Disease Center (Atlanta GA) 

Federal Aviation Administration 

Federal Bureau of Investigation 

(24 hr)(617)522-3700 

(617)727-9710 

( 508)820-2000 

(617)918-1111 

(800)424-8802 

( 617)223-9540 

(800)321-6742 

(800)311-3435 

(781)238-7001 

(617)742-5533 
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RESPONSE PLAN FOR ALARMS OR OUT -OF -RANGE 
PARAMETERS AT WTP 

When an operator notices any alarm signal of if any chemical analysis shows 
not to be within correct range, the following procedure must be followed. 

If low chlorine residual or high turbidity are recorded, the operator should 
immediately shut down both the Artichoke and Spring Lane pumping 
stations. The operator should immediately call out a primary operator to 
investigate the problem. 

Any time an operator questions if there is a problem involving water quality, 
the station should be shut down until a primary operator has responded to the 
problem. 

All other alarm signals or out of range parameters must be responded to 
immediately by a certified operator. 

A complete log must be kept on any incident and how this problem was 
handled. 

The following is a list of primary and secondary operators: 

Paul F. Colby (Superintendent) 
Thomas Smolski 
Norman Colby 
Thomas Hegarty 
Shawn Rock 
William Koppana 
Mark Collyer 
George Collins 

Primary Operator 462-9810 
Primary Operator 465-8005 
Primary Operator 462-5679 
Primary Operator 388-4236 
Primary Operator 465-5944 
Primary Operator 499-1815 
Primary Operator (781) 322-7925 
Secondary Operator (978) 526-4284 



WATER MAIN BREAKS 
LEVELl 

Water main breaks affecting less than 10% of the water customers and are anticipated in 
being resolved in 24 hours or less. Storage tank levels may be dropping, but increased 
pumping from pumping stations minimizes system pressure losses and Marches Hill tank 
will not run empty. 

Response Plan: 
1. Begin documentation log (Emergency Response Checklist) at first report of problem. 
2. Evaluate to determine level of emergency. 
3. Call distribution call crew. 
4. Call out distribution supervisor. 
5. Water main breaks should be isolated immediately. 
6. Appropriate precautions should be taken during repairs to the water main to ensure 

contamination of water system does not occur. 
7. Pumping rate from Spring Lane station should be increased to maintain storage tanks. 
8. Wells should be used as necessary to maintain storage tank. 
9. If water break is not able to be isolated or pumping can not maintain storage tank 

levels, a Level II emergency should be declared. 
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WATER MAIN BREAKS 
LEVEL II 

Water main breaks affecting less than 50% of the water customers and are anticipated in 
being resolved in 72 hours or less. Marches Hill Tank may run empty, but pumping from 
stations will maintain level in Rawson Hill tank to where system pressure is adequate. 

Response Plan: 
1. Begin documentation log (Emergency Response Checklist) at first report of problem. 
2. Evaluate to determine level of emergency. 
3. Call distribution call crew. 
4. Call out distribution supervisor. 
5. Call out water operations supervisor. 
6. Call out Water Works Director. 
7. Water main breaks should be isolated immediately. 
8. Appropriate precautions should be taken during repairs to the water main to ensure 

contamination of water system does not occur. 
9. Collect appropriate water samples and analyze for coliform bacteria. 
10. Pumping rate from Spring Lane station should be increased. 
11. Wells should be used as necessary to maintain storage tank. 
12. Follow response proce<i:ures for L~wel II emergencies as in DEP handbook. 
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LOSS OF ELECTRICAL POWER 

Loss of electrical power to pumping stations or WTP. 

Response Plan: 
1. Begin documentation log (Emergency Response Checklist) at first report of problem. 
2. Once power is out, operator should wait a few minutes to see if it will return. 
3. If power is out for more than 15 minutes, the operations call crew should be called 

out to respond. 
4. If power is out for more than 30 minutes, the operator and call crew should begin 

procedures to start pumping stations with emergency back-up equipment. 
5. Fluid levels and fuel levels should be monitored closely during periods of operation 

of back-up equipment. 
6. After extended use, diesel fuel tanks at the Spring Lane pumping station may need to 

be refilled. (contact any local supplier) 
7. During broad power o~tages, use of both wells will not be possible. Increasing the 

flow from the WTP may be required to compensate. 
8. Follow procedures for a Level I emergency. 
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LOSS OF WELL STATIONS 

One or both well out of service. 

Response Plan: 
1. Begin documentation log (Emergency Response Checklist) at first report of problem. 
2. The operations call crew should be called out to respond. 
3. During all periods, except those of extreme high pumping demand, flow can be 

increased from the WTP to compensate for loss of one or both wells. 
4. During all times, flow can be increased from the WTP to compensate for the loss of 

#1 Well. 
5. During periods of high demand, it may be necessary to implement water restrictions 

as per the "Water Restriction Ordinance". 
6. Level I emergency procedures should be followed. 
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STORAGE TANKS OUT OF SERVICE 

If one of the storage tanks is damaged or out of service. 

Response Plan: 
1. Begin documentation log (Emergency Response Checklist) at first report of problem. 
2. Either individual tank can be taken out of service by closing the valve on the inlet 

ptpe. 
3. System pressures will remain stable by maintaining proper levels in the tank 

.. . .. . 
remammg m servtce. 

4. The fire department should be notified as to the tank being out of service. 
5. Response procedures for a Level I emergency should be followed. 

If both of the storage tanks are out of service. 

Response Plan: 
I. Begin documentation log (Emergency Response Checklist) at first report of problem. 
2. If both tanks are removed from service, a Level III emergency should be declared and 

procedures as required by this level of emergency followed. 
3. All supervisors should be called in. 
4. Contact all local authorities and DEP. 
5. Local news media should be contacted to disperse press release information. 
6. Water restrictions declared. 
7. Contact Anna Jaques Hospital. 
8. Follow procedures for mutual aid. (See Mutual Aid) 
9. Contact construction equipment suppliers to secure pressure regulators to install on 

selected fire hydrants on the distribution sys.tem. Once these devices are installed, it 
will be possible to pump into the closed system. 

10. "Boil Water Order" should be implemented. 
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CHEMICAL FEED SYSTEMS DOWN 
LEVEL II 

If all chemical feed of sodium hypochlorite or aluminum sulfate at the water treatment 
plant are shut down. 

Response Plan: 
1. Begin documentation log (Emergency Response Checklist) at first report of problem. 
2. Shut down influent flow to the water treatment plant. 
3. Contact the operations call crew. 
4. Contact the operations supervisor. 
5. Chemical feed pumps can be operated on manual with a constant influent flow set. Jar 

test and measurements of chemical residuals will ensure proper dosage. 
6. If bulk storage tanks are unable to be used, temporary-holding tanks for chemicals 

can be made from either 15 gallons sodium hypochlorite containers or 55 gallon 
drums for aluminum sulfate. 

7. Chemicals can be received from consortium suppliers or from neighboring water 
systems. 

8. If untreated water must be pumped to service: 
• DEP should be notified immediately for their guidance. 
• Coliform bacteria samples should be collected from regular bacteria sample 

sites. . 
9. Follow procedures for Level II emergency as in DEP handbook. 
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CHEMICAL SPILLS AT OR NEAR WATER SUPPLIES 
LEVEL III 

Chemical spills in or near a water supply that may cause contamination to that source. 

Response Plan: 
1. Begin documentation log (Emergency Response Checklist) at first report of problem. 
2. Calls out the operations call crew. 
3. Call out the operations supervisor. 
4. Call out the Water Works Director. 
5. If possible, remove the affected water supply from service. 
6. Follow emergency procedures for operation without this water supply. 
7. Contact hazardous/toxic clean-up contractor. 
8. Follow procedures for Level III emergencies as in DEP handbook. 
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LOSSOFWATERTREATMENTPLANT 
LEVEL III 

If the water treatment plant is damaged as to prevent the filtration and/or disinfection of 
the water supply. 

Response Plan: 
1. Begin documentation log (Emergency Response Checklist) at first notice of problem. 
2. Shut down the Artichoke pump station. 
3. Calls out the operations call crew. 
4. Call out the operations supervisor. 
5. Call out the Water Works Director. 
6. Both wells should be turned on. 
7. Contact West Newbury to discontinue use of our supply. 
8. If needed, follow mutual aid procedures. 
9. It is possible to by-pass the water treatment plant and send untreated water into the 

clearwell. 
• Contact DEP and notify them as to this is taking place. 
• Open the gate valve located in the meter box cover, just in before the clearwell 

on Spring Lane. 
• Close the influent valve to the water treatment plant. 
• Restart the Artichoke pump station. 
• The chlorine system at the Spring Lane pump station should be started up. 

10. Collect coliform bacteria samples from regular bacteria sample sites. 
11. Follow procedures for a Level III emergency. 
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LOSS OF ARTICHOKE PUMPING STATION 
OR CONTAMINATION TO RESERVOIRS 

LEVEL III 

If both pumps are out of service or other circumstances prevent use of this facility, or if 
the Artichoke Reservoir can not be used. 

Response Plan: 
1. Begin documentation log (Emergency Response Checklist) at first notice of problem. 
2. Shut down the Artichoke pump station. 
3. Calls out the operations call crew. 
4. Call out the operations supervisor. 
5. Call out the Water Works Director. 
6. Both wells should be turned on. 
7. Contact West Newbury to discontinue use of our supply. 
8. If needed, follow mutual aid procedures. 
9. Contact DEP/NERO for permission to use the Bartlett Spring Pond. 

• Jar test must be run to determine the correct chemical dosage. 
• Bartlett Spring Pond can be used until level drops to about 48,.. 

10. Follow procedures for Level III emergencies as in DEP handbook. 
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CHEMICAL CONTAMINATION OF SOURCES 
LEVEL IV 

Chemical contamination of#l Well, #2 Well, Artichoke Reservoir, Indian Hill Reservoir, 
or Bartlett Spring Pond .. 

Response Plan: 
1. Begin documentation log (Emergency Response Checklist) at first notice of problem. 
2. Calls out the operations call crew. 
3. Call out the operations supervisor. 
4. Call out the Water Works Director. 
5. If possible, remove the affected water supply from service. 
6. Follow emergency procedures for operation without this water supply. 
7. Follow procedures for Level IV emergencies (Chemical Contamination) as in DEP 

handbook. 
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NATURAL DESASTERS 
LEVEL III 

These will include incidents such as hurricanes, tornadoes, earthquakes and floods. 

Response Plan: 
1. Begin documentation log (Emergency Response Checklist) at first notice of problem. 
2. Calls out the operations call crew. 
3. Call out the operations supervisor. 
4. Call out the construction supervisor. 
5. Call out the Water Works Director. 
6. If power is lost, follow procedures for "Loss of Electrical Power". 
7. If a facility is damaged and can not be used, follow emergency procedures for 

operation without this facility. 
8. Follow procedures for Level III emergencies as in DEP handbook. 
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NUCLEAR DESASTERffERRORIST ACTS 
LEVELV 

Nuclear power plant release to the environment or deliberate acts of terrorism that release 
highly toxic materials into a water supply. 

Response Plan: 
l. Begin documentation log (Emergency Response Checklist) at first notice of problem. 
2. Calls out the operations call crew. 
3. Call out the operations supervisor. 
4. Call out the Water Works Director. 
5. If possible, remove the affected water supply from service. 
6. Be prepared to follow the instructions of the Massachusetts Emergency Management 

Agency. 
7. DEP and /or DPH will provide technical assistance. 
8. Follow procedures for Level V emergencies as in DEP handbook. 
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MUTUAL AID 

At this time, Amesbury is the only water supply that will be able to provide emergency 
water to our system if needed. Because of the flow restrictions in the water mains in the 
Ring's Island Water District, receiving water from the Town of Salisbury may not be 
possible. 

Procedures for Amesbury Mutual Aid Hook-up with Amesbury: 
1. All supervisors should be called out. 
2. West Newbury is to be notified not to use our water supply. 
3. Contact the Amesbury Water Department. 
4. Contact the Newburyport and Amesbury Fire Departments. 
5. Contact the Newburyport and Amesbury Police Departments. 
6. Contact the Mass. State Highway Dept., as the bridge will not be able to open. 
7. The connection between the two water systems will be made by use of fire hoses 

connected onto fire hydrants from each system. 
8. Fire hose is to be borrowed from local fire departments. 
9. 1,500 feet of 4" fire hose will be required to make the connection. 
10. Contact with N. Granese & Son. May help to secure temporary water line. 
11. The fire hydrants to be used are: 

Newburyport: The fire hydrant at 5 Spofford Street. 
Amesbury: The fire hydrant at 1 Merrill Street. 

12. Homeowners whose driveways will be blocked by the fire hose must be notified. Cars 
should be moved out of the driveways so that they are not blocked in. 

13. Fire hos~s should be flushed from the Amesbury supply prior to fmal connection 
being made to the Newburyport hydrant. 

14. Water from Amesbury system should be turned on slowly once connection is made. 
15. Bacteria samples should be collected from regular bacteria sampling sites and in the 

area of the mutual aid connection. 
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EMERGENCY MUTUAL AID WATER SUPPLY FOR NEWBURYPORT 

Proposed 
hydrant 

connection 
across Deer 

Island 

1.5 mile 

Town of 
·.·Salisbury 

8" unlined ... 
cast iron main 

Existing 6" 
metered 

connection 

Ferry Road 

. Hydrant at First St. 
& March Rd . 

. . . ......::;; . . . . , Proposed hydrant 
:ill Hydrant at 1 Merrill St. 2,000 feet__., : · connection across 
: ~ 1 ,500 feet ; .. · Gillis Brid e 

------- 4 ----... 

Merrimac St. 16" main. 

Hlgh St 

Newburyport 

~·················· 

Market St 

Hydrant at Michael's 
Harborside 



COLIFORM BACTERIA DETECTION 

If a positive coliform bacteria sample is detected, the following procedure must be 
followed: 

Response Plan: 
1. Begin documentation log (Emergency Response Checklist) at first report of problem. 
2. A repeat sample will be collected from this site plus an up and down stream sample 

will be collected as identified on the "Coliform Bacteria Sample Site Plan", for a total 
of 3 repeat samples collected. 

3. The original positive sample is to be verified and tested for fecal coliform. 
4. Any fecal-positive repeat sample of any total coliform-'positive repeat sample will 

constitute a MCL violation. 
5. Response procedures for a Level II emergency should be followed. 
6. DEP should be contacted for guidance. 
7. Coliform Violation Evaluation Survey form should be completed. 
8. Increase chlorine residual from the WTP and flushing of water mains in the vicinity 

of the problem may be required. 



COLIFORM BACTERIA SAMPLE SITE PLAN 
(Main site plus up and downstream locations) 

Sample Number Site Name Location 

001 Newbury Town Hall 25 High Road 
OOla Newburyport Bank 27 HighRoad 
OOlb Noyes Citco 34 High Road 

002 City Hall Green Street 
002a Police Station Green Street 
002b Baptist Church Green Street 

003 Kelly's Mobil Gas 336 High Street 
003a Cumberland Farms 334 High Street 
003b Veman Martin Real Estate 340 High Street 

004 Anna Jaques Hospital 25 Highland Ave. 
004a Newburyport Medical Building 18 Highland Ave. 
004b Rawson Hill Stand Pipe Rawson Ave. 

005 James Stearn Mill 1 Charles Street 
005a WWTP Water Street 
005b Coffee Aroma 127 Water Street 

006 North End Fire Station Storey Ave. 
006a Newburyport Veterinary Clinic 177 Storey Ave. 
006b Cherry Hill Nursery Storey Ave. 

007 Middle School Low Street 
007a National Guard Armory Low Street 
007b Newburyport Co-Op Bank 3 3 Low Street 

008 Portside Jeep Traffic Circle 
008a Leo's House of Pizza Traffic Circle 
008b MBT A Train Station Traffic Circle 

009 Chip's Auto Repair 345 Merrimac Street 
009a Gould-Shawmut 3 7 4 Merrimac Street 
009b Caterer's Kitchen 333 Merrimac Street 

010 Cable Vision 27 Hale Street 
010a Intrarn Industries 25 Hale street 
OlOb Cabot Stain Co. 1 00 Hale street 
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APPENDIXH 
COLIFORM VIOLATION EVALUATION SURVEY 

TOWN: 
PWSNAME: 
PWSID#:,. 

PHONE#:·{ ) FAX#: ( ) 

Use this form to evaluate the cause of a 
coliform bacteria violation a.pd to provide 
DEP with information on the cause of each 
coliform bacteria exceedence. This form· · 
must be completed by your certified 
operator and sent to the Drinking Water 
Program at "your DEP Regional Office. 
This form will not be used for compliance or 
enforcement. 

E-MAIL ADDRESS: 
DATE PWS became aware of violation: 
DATE DEP was notified: 

Please call your DEP Regional Office within 48 hours of the coliform finding. 

Month and year of coliform violation? Acute MCL violation? L::: Yes CJ No 
Number of samples taken per month?---..,...---

Number of positive samples? -:-----"""" 
Number of repeats positive? ____ _ 

Date of repeats? -----------
Number of repeats collected? Which 

locations were positive?--------------------..,.---

Did the repeat test detect: 
fecal coliform? :-:Yes 0 No e.coli? 0 Yes !""!No total coliform? ,-; Yes CJ No 

Was total coliform speciated? ii Yes 0 No If yes, what was found?--------

5. Did you evaluate"the following? 

6. 

7. 

8. 

a.) Valve operations in the area ofbacteria presence? 0 Yes 0 No 
·b.) Was a cross connection survey done? 0 Yes 0 No 

· If yes, what was found? ----------------------

c.) Any flushing in the area? CJ Yes 0 No 

Have you determined the cause of the coliform violation? 
If yes, please check all that apply: 

OYes fiNo 

0 Water entering the distribution system 
0 Rawwater 

0 Cross connections (see 5b.) 
0 Sample collection error 

0 Storage tank 0 Other:-----------
0 Water main break 

What is your plan to prevent similar problems in the future? ------,...---'-----

· If chlorinating, what is the residual in the system? ---------------..,...---

Signature ______________________ _ Date _______ _ 
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APPENDIXE 
EMERGENCY RESPONSE CHECKLIST 

City/Town: --"------PWS Name:--------- PWS ID #: ------

Complete a checklist for every emergency and, within thirty (30) days of a Level III or IV eQlergency, file 
an Emergeticy Report, attaching the checklist used during the Emergency Response. Send one (1) copy, 
with all additional forms and documents used according the Handbook for Water Supply Emergencies, to 
DEP Regional Office, addressed to Drinking Water Program (DWP). (If you already have a reporting form 
available please use it in lieu of the form below). 

REPORT ALL EMERGENCIES 

Name of Person Completing Form:-------- Title:--------

Date:---------- Time of Report: ____ _ 

Location of Emergency: -------:-:----:-:-:-------,::----------­
Address I Line No. I Well No. 

Emergency Caller Information (Circle): Male/Female Adult/Child 

Name 
Home Telephone----------­
Work Telephone-----------

Address 

If the emergency is a threat against a water system, collectthe following: 
Voice: Normal Loud Whisper Calm ,Excited 'Nervous Other:._~--..,...,...-----­
Connection: Clear Other (could it have been a cell phone):-=----=--::---:--:-'--:--:---:-:~----
Background Noise: Children Music Computer Television Radio Animals (type), ___ _ 

Machinery (type) Other:. _____________ _ 

Describe the problem/ emergency: 

Determine Emergency Level (circle): I* II* III IV V 

*If Levels I or II, described the steps taken to handle the emergency. 

If Level I or II, stop and file the report at this point. 
If Level III or greater, continue on next page. 
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APPENDIX E (continued for Level III or greater) 

Which of the following actions were involved in the emergency? (Check appropriate actions) 

CJ Motor vehicle accident: 

Vehicle type: __________________ Make:---------
Color: ----~---Reg. __________ State: ---------
Owner (Name/Address): ________________________ _ 

CJ Accidental discharge: 

CJ Illegal dumping/discharge: 

· CJ Chemical(s) involved: 

Trade Name/ Common Name:------------------------­
(Circle) Solid I Liquid I Vapor Other:--------------------
Placard I Label ID I DOT #: . -------------------------

CJ Disease outbreak, type of disease:----------------------

0 Bacterial Problem, describe:------------------------

Nearest Puplic Drinking Water Source (surface/ground): 

Name/address (location) 
Approximate distance from emergency location-------

Which of the following actions did you complete? (Check appropriate actions) 

CJ Notify person(s) in charge of all emergencies: 

Name: --------------------- Home Telephone-'------
Work Telephone _____ _ 

Initial Emergency Response:-------------------------

CJ Close reservoir: ________________ Wells Nos.---------
Name of Reservoir 

CJ Shutdown pump(s): ------------
No. or Name 

CJ Shut off some of the distribution lines 
Specify (location, valve):_·------------------------

. CJ Cross Connection Survey 
Results: -------------------------------

CJ Other (describe): _________________________ _ 
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BEST MANAGEMENT PRACTICES 

Weston & Sampson 



BEST MANAGEMENT PRACTICES 

DEVELOPED AREAS 

Minimize pollutants washed into waterwqys from developed sites. 

• use natural vegetation or new landscaping to act as a filter or buffer 
• limit the amount of clearing 
• divert runoff around sites where it could pick up pollutants 
• keep parking areas, outdoor storage areas, and streets clean of debris 
• maintain catch basins to prevent backup 
• use grassed swales, constructed wetlands, detention ponds, wet ponds, and catch 

basins 
• direct water away from unpaved road surfaces and keep runoff velocities low 

AGRICULTURE, LAWNS, and GOLF COURSES 

Keep fertilizers from fertilizing waterways. 

• tailor the application of manure and fertilizer to the nutrient needs of the crop 
• use soil tests to determin~ current nutrient levels and soil pH 
• diversify crop rotations and plant cover crops after harvesting to use residual 

nutrients 
• avoid spreading manure or fertilizer on frozen or snow covered ground 
• incorporate manure into the soil as soon as possible after spreading 
• do not store manure in the floodway or near wells 
• maintain filter strips between surface waters and fields and feedlots 
• control livestock access to water bodies 
• divert runoff away from high anim:al use areas 
• keep accurate fertilizer application and crop yield records 
• !llanage milkhouse and parlor wash water 
• store manure in properly constructed and located facilities 

Control sedimentation and erosion. 

• plant crops along contour lines 
• rotate crops that provide limited ground cover with those that provide generous 

ground cover 
• maintain filter strips between fields and surface waters 
• plant cover crops or maintain residue cover on the fields after harvest 
• construct and stabilize diversions to control runoff across cropland and control 

erosion in gullies 
• keep livestock off bare streambanks 
• set farm buildings back from streams 
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Use pesticides carefully. 

• apply pesticides only when needed 
• consider using integrated pest management to reduce pesticide use 
• apply, store and handle pesticides properly 
• obtain training in pesticide application or hire a licensed applicator 
• do not spray or apply pesticides on windy days or before a heavy rain storm 

ROAD SALTJNG AND SNOW STORAGE 

It is illegal in both states to dump plowed snow directly into water bodies. 

Keep salt, sand, and other pollutants in winter snow piles out of waterways. 

• store disposed snow near flowing surface waters, but at least 25' from the high 
water mark, in order to dilute the salt with river water and avoid impacts to 
ground water, lakes, and wetlands; solid materials contained in the snow remain 
on the land surface and should be removed each spring 

• avoid storing snow near water supply wells 
• store salt piles under cover and on a flat, impervious surface so salt does not wash 

into the ground 
• remove sand from streets in early spring 

Apply road salt carefully. 

• identify sensitive areas such as public water supplies and ponds, and consider de-
icing alternatives 

• give salt time to work; know when to plow and reapply salt 
• determine salt application rates and frequency for all roads in a service area 
• apply salt in a 4-8' wide center strip along lesser traveled roads 
• use ground-speed controllers on spreaders 

CHEMICAL AND PETROLEUM PRODUCTS 

Keep the~e pollutants out of ground and surface waters. 

• ensure that chemicals are recovered, recycled, or reused wherever possible · 
• have a spill prevention and response plan, with containment equipment readily 

available 
• store containers and transfer chemicals only in areas that will contain spills, and 

away .from waters, storm drains, and wells 
• inspect regularly for leaks or potential contact with stormwater 



• schedule routine cleanup operations 
• do not allow floor drains and work sinks to discharge into or onto the ground 

SEPTIC SYSTEMS 

Keep the system working well to prevent groundwater pCJllution. 

• know the location of septic tank and leach field; mark tank cover 
• inspect tank frequently and pump it out at least every 3 years 
• use water conservatively 
• keep vehicles and livestock off the system 
• do not use kitchen garbage disposal, which can clog the system 
• do not pour caustic or toxic materials down the drain; these may kill necessary 

bacteria and contaminate sludge later intended for land application 
• do not flush bulky items such as- disposable diapers or sanitary pads into the 

system 
• avoid putting food waste and grease into the system 
• keep deep rooted trees and shrubs away from the leach field 

Encourage local oversight. 

• consider a town septic system education and inspection program 
• consider adopting a local health ordinance for septic system regulation 

BIOSOLIDS 

Reduce risk of nutrient contamination of surface or subsurface water. 

• do not store or apply biosolids near surface water or wells 
• do not apply biosolids during time of high water table 
• total available nitrogen should not exceed crop requirements 

Reduce risk of contamination of feed crop lands. 

• prioritize non-cropland or non-food crop lands for application 
• for feed crop land, apply in fall before soil freezes or prior to planting 
• avoid application where food crops are grown, especially leaf and root crops 
• manage and monitor the land carefully 

Apply and monitor carefully. 

• select weather conditions when odors will dissipate quickly 
• test soil nitrate levels annually 
• calibrate equipment for uniform application rates 
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• avoid use of heavy equipment on wet soil 
• do not apply on frozen, excessively wet, or snow-covered ground 
• monitor the site and maintain at pH 6.5long-term 
• keep good crop records on individual fields 



Regualtions 
Legal 

Legal - Regulations 
Pesticides 

To download the pesticide regulations, click on any of the following files which 

are in Portable Document Format (PDF)~ (Acrobat and the Acrobat Icon 
are trademarks of Adobe Systems Incorporated). You will need Adobe 
Acrobat in order to do this. To download the free Adobe Acrobat Reader or for 

more information about Adobe Acrobat, click here .. 
this important disclaimer. 

Read 

To reduce document downloading time, we have arranged it so that each 
section of our regulations can be downloaded separately. 

l1k1ll333 CMR 1.0 

~~~,~~~333 CMR 2.0 I General Description 

11m~ 11333 CMR 3.0 Rules for the conduct of business by the 
Pesticide Board and the SubCommittee 

~ 333 CMR4.0 Advisory Councils to the Pesticide Board 

~ 333 CMR 5.0 II Repealed 

~ 333 CMR 6.0 I Repealed 

~ 333 CMR 7.0 I State Experimental Use Permits 

~ 333 CMR 8.0 Registration of Pesticide Products 

I~ 11333 CMR 9.0 I Licensing of Pesticide Dealers 

~ 
Standards, Requirements and Procedures for 

333 CMR 10.0 the Certification and Licensing of Pesticide 
Applicators 

~ 
Standards for the Implementation of Integrated 333 CMR 11.0 Pest Management Techniques and Rights of 
Way Maintenance Plans. 
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http://www .mass.gov/agr/legallregs/pesticides _regulations _list.htm 
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Standards for the Implementation of Integrated 

333 CMR 11.0 Pest Management Techniques and Rights of 
> 

Way Maintenance Plans. 

j1rm 11333 CMR 12.0 I 
Prevention of Non-point Source Contamination 
of Drinking Water Supplies. 

~~~ 11333 CMR 13.0 I 
Standards, Requirements and Procedures for 
the Application of Pesticides 
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333 CMR: PESTICIDE BOARD 

333 CMR 1 1.00: RIGHTS OF WAY MANAGEMENT 

Section 

11.0 I: Purpose 
11.02: Definitions 
11.03: General Provisions 
11.04: Sensitive Area Restrictions 
11.05: Vegetation Management Plan (VMP) 
11.06: Yearly Operational Plan (YOP) 
11.07: Public Notification 
11.08: Notice of Modification and Revocation 
11.09: Right-of-Appeal 
11.10: Penalties 

11.01: Puwose 

The purpose of 333 CMR 11.00 is to promote the implementation of Integrated Pest 
Management (IPM) Techniques and to establish those standards, requirements and procedures 
necessary to minimize the risk of unreasonable adverse effects on human health and the 
environment associated with the use of herbicides to maintain rights-of-way and to establish a 
statewide and uniform regulatory process. 333 CMR 1 LOO establishes procedures which 
guarantee ample opportunity for public and municipal agency review and input on right-of-way 
maintenance plans. 

11.02: Definitions 

5/17/96 

For the purpose of 333 CMR 11.00, the following definitions shall apply. 

Agricultural Area, shall refer to, but not be limited to, actively cultivated gardens, greenhouses, 
orchards, fields, pastures, and other areas where herbicides might impact adversely on the 
vegetation under cultivation or agricultural management. 

Applicant, shall refer to any person representing federal, state or local governments or agencies, 
utilities, railroads, pipelines, that intend to maintain a right-of-way by the application of herbicide. 

Ballast, shall refer to the coarse gravel or crushed rock onto which the ties, tracks and any 
switching, signaling and communication devices of a railroad are laid. 

Broadcast, shall refer to any non-selective herbicide application technique which results in 
application to all vegetation within a target area. 

Department, shall refer to the Department of Food and Agriculture. 

Foliar Treatment, shall refer to any technique which applies herbicide to leaves of the target 
vegetation. 

Inhabited Area, shall refer to, but not be limited to residences, schools, hospitals, parks and 
recreational facilities or other areas in which humans generally live, work or gather. 

Low Pressure, shall refer to pressure under 60 psi. 

Maps, shall refer to maps which are of such accuracy and scale, as determined by the Department, 
to provide sufficient detail so that sensitive areas can be delineated, or which show bench marks 
or other permanent structures located on the right-of-way which allow the delineation of 
sensitive areas. 

333 CMR- 69 
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333 CMR: PESTICIDE BOARD 

11.02: continued 

5/17/96 

Person, shall refer to, but is not limited to, an individual, association, partnership, corporation, 
company, business organization, trust, estate, the Commonwealth or its political subdivision, 
administrative agencies, public or quasi-public corporation or body, or any other legal entity or 
its legal representatives, agent or assignee, or a group of persons. 

Person az!Uieved, shall refer to any person who, because of an act or failure to act by the 
Department may suffer an injury in fact which is different either in kind or magnitude from that 
suffered by the general public and which is within the scope of the interests identified in 333 CMR 
11.00. Such person must specifY in writing sufficient facts to allow the Department to determine 
whether or not the person is in fact aggrieved. 

Primaiy Rechame Area, that land area delineated by Zone II as defined in 310 CMR 24.06 or in 
such cases as when the primary recharge area has not been designated it shall be, in the interim, 
be defined as a one half mile radius from the public drinking water supply well unless otherwise 
determined by the Department of Environmental Protection. 

Right(s)-of-Way (ROW), for the purpose of 333 CMR 11.00 shall refer to any roadway, or 
thoroughfare on which public passage is made and any corridor of land over which facilities such 
as railroads, powerlines, pipelines, conduits, channels or communication lines are located. 

Selective AI).Plication, shall refer to the application of herbicide, in such a manner that the delivery 
to the target vegetation is optimized and delivery to non-target vegetation and the environment 
is minimized. 

Sensitive Areas, shall refer to any areas, within rights-of-way, including but not limited to the 
following, in which public health, environmental or agricultural concerns warrant special 
protection to further minimize risks of unreasonable adverse effects: 

(a) within the primary recharge area of a public drinking water supply well; 
(b) within 400 feet of any surface water used as a public water supply; 
(c) within I 00 feet of any identified private drinking water supply well; 
(d) within I 00 feet of any standing or flowing water; 
(e) within I 00 feet of any wetland; 
(f) within 100 feet of any agricultural or inhabited area. 

Stem Treatment, shall refer to any technique including stump, basal, stem, injection, banding, frill, 
girdle and any other treatment which delivers herbicide at low pressure to the stump, base or 
stem of the target vegetation. 

Target Vegetation, shall refer to any plant species which has the potential to interfere with the 
operation of the rights-of-way. 

Touch-up Application, shall refer to limited application of herbicides following an initial 
treatment, which is necessary to achieve the desired vegetation control. 

Vegetation Management Plan (VMP), shall refer to a long term management plan for the 
applicanfs right-of-way system which describes the intended program for vegetation control over 
a five year period 

VMP Advisorv Panel, shall refer to the Vegetation Management Plan Advisory Panel as set forth 
in 333 CMR 11.05(4). 

Yearly Operational Plan (YOP), shall refer to the yearly operational plan which describes the 
detailed vegetation management operation for the calendar year consistent with the terms of the' 
long term Vegetation Management Plan. 
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333 CMR: PESTICIDE BOARD 

11.02: continued 

Water Sup,ply, shall refer to any raw or finished water source that is presently used, reserved for 
future use, or under investigation for future use by a public water system as defined in 310 CMR 
22.02, or used as a source of private drinking water by one or more persons. This shall include 
all land and waters used as, or tributary to, a public water system except those exempted under 
310 CMR 22.20. 

Wetlands. with the exception of land subject to flooding shall refer to areas subject to protection 
underM.G.L. c. 131, § 40 which include the following areas as defined in 310 CMR 10.02(l)(a) 
-(c); 

(a) Any bank, 
any freshwater wetland, 
any coastal wetland, 
any beach, 
any dune, 
any flat, 
any marsh, 
or any swamp 

bordering 
on 

(b) Land under any of the water bodies listed above 
(c) Land subject to tidal action 

the ocean 
any estuary 
any creek 
any river 
any stream 
any pond 
or any lake 

11.03: General Provisions 

5117/96 

(I) No person shall use an herbicide for the purpose of clearing or maintaining a right-of-way 
unless appropriately certified by the Department or unless appropriately licensed by the 
Department and working under the on-site supervision of an appropriately certified applicator. 

(2) No person shall use an herbicide for the purpose of clearing or maintaining a right-of-way 
except in accordance with a Vegetation Management Plan (VMP) and a Yearly Operational Plan 
(YOP) as approved by the Department Such documents shall be available at the work site at all 
times during herbicide applications and be made available to the Department and municipal 
officials including the Conservation Commission and Board of Health upon reasonable request. 

(3) . No person shall h@dle, :m,.~x orloll,d ap,.he~;b~ci4e coP,centrate 011. a tigQ:t~f~way within 100 
ft. of a sensitive area. . . . . . . > • • > 

(4) The perimeter of any sensitive areas which are not readily identifiable on the ROW shall be 
appropriately marked prior to any .herbicide applications. The precise method used in marking 
these areas shall be identified in the VMP. 

(5) No foliar application of herbicides shall be used to control vegetation greater than 12ft. in 
height except for side trimming. 

(6) No herbicide shall be applied when the wind velocity is such that there is a high propensity 
to drift off target and/or during measurable precipitation. 

(7) No person shall apply herbicides by aircraft for the purpose of clearing or maintaining a 
right-of-way. 

(8) No touch-up applications shall be carried out except under the following conditions: 
(a) Touch-up applications must occur within 12 months of the date of approval of the YOP. 
(b) The Department, the Conservation Commission, the Board of Health, and Chief elected 
official of the municipality shall be notified by certified mail at least 21 days prior to any 
application. 

333 CMR-71 



333 CMR: PESTICIDE BOARD 

11.03: continued 

(c) No more than 10% of the initially identified target vegetation on the applicant's 
right-of-way in any municipality may be treated and the total amount of herbicide applied in 
any one year shall not exceed the limits specified by the label or Yearly Operational Plan. 
(d) The Department may impose such additional restrictions or conditions on the use of 
herbicides as it deems necessary to protect public health and the environment. 

(9) The Department will maintain mailing lists of individuals and groups desiring to obtain 
notices on various aspects of the Program. 

11.04: Sensitive Area Restrictions 

5/17/96 

(1) General 
(a) No rnore than the minimum labelled rate of the pesticide product for the appropriate site, 
pest, and application method shall be applied. 
(b) Herbicides applied in sensitive areas shall be applied selectively by low pressure foliar 
techniques or stem application. 
(c) No person shall apply herbicides for the purpose of clearing or maintaining a 
right-of-way in such a manner that results in drift to any area within ten feet of standing or 
flowing water in a wetland or area within 400 feet of a public drinking water supply well; or 
area within 100 feet of any surface water used as a public water supply; or area within 50 feet 
of a private drinking water supply identified in accordance with 333 CMR 11.04(2)(c)(3). 
(d) The Department, in cooperation with the Department of Environmental Protection, and 
subject to a Memorandum of Understanding will evaluate herbicides currently registered for 
use on rights-of-way and will distribute a list of herbicides recommended for use in sensitive 
areas and guidelines for their use. The Memorandum of Understanding will set forth a 
procedure for this evaluation based on all available data relative to environmental fate and 
toxicity. Such list, guidelines and procedures will be subject to review and comment by the 
Department of Public Health provided that such comments are provided to the Department 
within a reasonable time. The Department, on August 15 of the calendar year, will make 
available the list and guidelines to applicants and to the VMP Advisory Committee. 
Applicants proposing to use an herbicide which has been registered for use on rights-of-way 
but has not yet been evaluated pursuant to the provisions of the Memorandum of 
Understanding may request that such herbicides be evaluated pursuant to said provisions. For 
an herbicide which has been evaluated pursuant to the provisions of the Memorandum of 
Understanding, applicants proposing to use such herbicide in a manner inconsistent with the 
terms and conditions of use imposed in the guidelines may request a modification or waiver 
of such terms or conditions. A request for such modification or waiver shall provide a 
detailed rationale for use, including all relevant data including but not limited to environmental 
fate, efficacy and human health effects of the proposed herbicide. Such herbicides and/or uses 
shall be subject to the evaluation standards adopted by the Departments of Food and 
Agriculture and Environmental Protection in the Memorandum of Understanding. 

Commentary 

Applicants subject to the provisions of the Wetlands Protection Act, who wish to apply 
pesticides registered for use in Massachusetts to rights-of-way, may choose to apply 
herbicides determined to be suitable for use in sensitive areas in accordance with the 
provisions of the Memorandum of Understanding mentioned above or, alternatively, 
applicants may proceed pursuant to the provisions of 310 CMR 10.00 as authorized by 
M.G.L. c. 131, § 40. 
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(e) The Department may impose such additional restrictions or conditions on the use of 
herbicides within or adjacent to sensitive areas as it determines necessary to protect human 
health or the environment Such changes may be proposed by a municipal agency or individual 
during the public comment period. 

(2) Water Supplies 
(a) Public Ground Water Supplies 

1. No herbicides shall be applied within 400 feet of any public ground water supply well. 
2. No herbicides shall be applied within the primary recharge area of a public ground 
water supply well except under the following conditions: 

a A minimum of 24 months shall elapse between applications; and 
b. Herbicides shall be applied selectively by stem application or low pressure foliar 
techniques. 

(b) Public Surface Water Supplies 
1. No herbicide shall be applied within 100 feet of any surface water used as a public 
water supply. 
2. No herbicide shall be applied between 100 feet and 400 feet of any surface water used 
as a public water supply except under the following conditions: 

a. A minimum of 24 months shall elapse between applications; and 
b. Herbicides shall be applied selectively by low pressure foliar techniques or stem 
application. 

(c) Private Drinking Water Supplies 
1. No herbicide shall be applied on or within 50 feet of any private drinking water supply 
identified in accordance with 333 CMR 11.04(2)(c)(3). 
2. No herbicide shall be applied between 50 feet and 100 feet of any private drinking 
water supply identified in accordance with 333 CMR 11.04(2)(c)(3) except under the 
following conditions: 

a A minimum of 24 months shall elapse between applications; and 
b. Herbicides shall be applied selectively by low pressure foliar techniques or stem 
application. 

3. It shall be the responsibility of the applicant to adhere to the sensitive area restrictions 
around identified private wells. The applicant shall consult with the Department to 
identify private wells that are located within 100 feet of the rights-of-way. The 
Department shall request the location of private wells along the right-of-way from the 
Department of Environmental Management and local Boards of Health. Wells identified 
to be within 100 feet shall be kept on file by the applicant for delineation on the maps in 
the YOP and be listed in the YOP. The VMP must include the method of locating 
identified private wells in the field prior to the application of herbicides. 

(3) Surface Waters 
(a) No herbicide shall be applied on or within ten feet of any standing or flowing surface 
water which is not a public water supply. No herbicides shall be applied between ten feet and 
100 feet of any standing or flowing surface water which is not a public water supply except 
under the following conditions: 

1. A minimum of 12 months shall elapse between application; and 
2. Herbicides shall be applied selectively by low pressure foliar techniques or stem 
application. 

(4) Wetlands 
(a) No herbicide shall be applied on or within ten feet of a wetland. 
(b) No herbicide shall be applied between ten feet and 100 feet of a wetland except under 
the following conditions: 

1. A minimum of 12 months shall elapse between applications; and 
2. Herbicides shall be applied selectively by low pressure foliar techniques or stem 
application. 
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(c) Notwithstanding 333 CMR ll.04(4)(a), public utilities providing electric, gas, water, 
telephone, telegraph and other telecommunication services may apply herbicides on or within 
ten feet of a wetland in accordance with the following conditions: 

1. Submission of a study, the design of which is subject to prior approval by the 
Departments of Food and Agriculture and Environmental Protection, evaluating impacts 
of proposed vegetation management programs on wetlands; and 
2. A finding by the Department, after consultation with the Advisory Committee, that 
the proposed vegetation management program will result in less impacts to the wetland 
than mechanical controL 
3. Notwithstanding the above, no herbicides shall be applied on or within ten feet of any 
standing or flowing water in a wetland. 

(5) Inhabited and Agricultural Areas 
(a) No high pressure foliar herbicide applications shall be carried out within 100 feet of any 
inhabited area or any agricultural area during the growing season. 
(b) No foliar herbicide shall be applied within I 00 feet of any inhabited area or any 
agricultural area during the growing season except under the following conditions: 

1. A minimum of 12 months shall elapse between applications; and 
2. Herbicides shall be applied selectively by low pressure foliar techniques or stem 
application. 

11.05: Vegetation Management Plan (VMP) 

5117/96 

(I) General. 
(a) Unless otherwise specified by the Department, all VMPs should be submitted by the 
applicant no later than September I prior to the calendar year of the proposed first year of 
maintenance. All approved VMPs shall take effect on January I unless otherwise specified 
by the Department, and shall be effective for a five year period unless otherwise modified, or 
revoked by the Department. 
(b) The VMP shall be presented on forms and/or format approved by the Department. 

(2) Requirements. The VMP shall include but not be limited to the following: 
(a) General statement of goals and objectives of the VMP. 
(b) Identification of target vegetation. 
(c) Intended methods of vegetation management and rationale for use, including vegetation 
control techniques, equipment proposed for use and timing of applications and alternative 
control procedures. 
(d) Justification of herbicide applications proposed. 
(e) Methods, references and sources for identifying sensitive areas and control strategies 
proposed for sensitive areas. 
(f) Operational guidelines for applicators relative to herbicide use. 
(g) Identification and qualifications of individuals developing and submitting a plan: 
(h) A description of Integrated Pest Management Programs or other techniques/programs 
to minimize the amount and frequency of herbicide application. 
(i) Description of alternative land use provisions or agreements that may be established with 
individuals, state, federal or municipal agencies that would minimize the need for herbicide, 
including the rationale for accepting or denying any reasonable request made by any 
individual. 
(j) Remedial plan to address spills and related accidents. 

(3) Public Notice. Review and Comment. 
(a) Upon receipt of the proposed VMP, the Department shall schedule and hold appropriate 
regional public hearings affording all interested parties the opportunity to comment on the 
proposed plan. 
(b) At least 21 days prior to the public hearings, the Department shall publish notice of the 
hearings in the Environmental Monitor and regionally located newspapers, and send notice 
to municipalities covered by the plan and to the appropriate mailing list. The notice will 
include locations where copies of the VMP can be reviewed. 
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(c) The public shall have no less than 45 days, starting from publication of the Environmental 
Monitor notice, to comment upon proposed VMPs, unless the Department extends the 
comment period for good cause. 
(d) At least 21 days prior to the end of the public comment period, the applicant shall send 
a copy of the proposed VMP to the chief elected official, the Board of Health and the 
Conservation Commission in affected communities upon their request. 

(4) VMP Advisory Panel. 
(a) There shall be a VMP Advisory Panel charged with the responsibility of reviewing 
Vegetation Management Plans and the accompanying public comments. The Panel shall 
recommend approval, denial or modification to the Department. 
(b) The Panel shall consist of the Commissioner(s) or designees of the following 
Departments: 
Department of Food and Agriculture, non-voting 
Department of Environmental Protection 
Department of Public Health 
Department of Public Works and 
Division of Fisheries and Wildlife, Natural Heritage Program 
a representative appointed by the Commissioner of 
DF A from each ofthe following groups: 

Massachusetts Association of Conservation 
Commissions; 
Massachusetts Association of Health Boards; 
University of Massachusetts/Extension Service; 
railroads; 
utilities; 
applicator; and an 
environmentalist 

A member shall be appointed for a term of one, two or three years. Appointed members shall 
serve at the discretion of the Commissioner. No member shall serve more than six consecutive 
years. Appointed panel members shall serve without compensation and shall not be 
reimbursed for any expenses incurred by them in the performance of their duties. The 
Commissioner of the Department or designee shall serve as an ex officio non-voting member 
to the VMP Advisory Panel. 
(c) The Department of Food and Agriculture's Representative shall chair the VMP Advisory 
Panel. This chairperson shall coordinate efforts of the Department and the Panel to process 
the VMPs. 
(d) The VMP Advisory Panel shall conduct business in accordance with the time, place and 
procedures agreed upon. 
(e) The VMP Advisory Panel shall review all complete VMPs including all written and 
public hearing comments. The Advisory Panel may, if necessary, request from the applicant 
additional information. Within 30 days of the end of the comment and review period, unless 
extended for good cause, the VMP Advisory Panel shall recommend to the Department in 
writing approval, denial or modification of each VMP. 

(5) Disposition ofVMP. 
(a) 30 copies of the proposed VMP shall be submitted to the Department. The Department 
shall distribute copies of the proposed VMP to each member of the Advisory Panel. 
(b) Within 30 days of the end of the public comment period unless extended for good cause, 
the VMP Advisory Panel shall review the VMPs and recommend in writing to the Department 
approval, denial or modification of each VMP; if necessary, the Panel may request from the 
applicant additional information. 
(c) Within 21 days of the end of the VMP Advisory Panel review period, unless extended 
by the Department for good cause, the Department will notify the applicant and the Advisory 
Panel in writing one ofthe following: 

l. request for additional information or modification; or 
2. denial of VMP; or 
3. approval ofVMP. 
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(d) The VMP may be modified, withdrawn or amended by the applicant through a written 
request sent by certified mail to the Department. 
(e) Resubmission of a denied VMP, updating of a VMP, or a significant amendment to an 
approved VMP shall be processed according to 333 CMR 11.05. 
(f) The applicant must send a copy of the approved VMP to the chief elected official, Board 
of Health, and Conservation Commission in each municipality covered by the plan. 

(6) Time for Action. Non action on a Vegetation Management Plan within time specified herein 
does not constitute approval of the submitted plan. In the event that the Department fails to notify 
the applicant of a decision within the time specified above and upon written request from the 
applicant, the Commissioner must issue a finding within ten days of receipt stating the reason for 
the delay and providing an estimated completion date. 

11.06: Yearly Operational Plan (YOP) 

5117196 

(1) ~-
(a) The applicant is responsible for the accuracy and completeness of all information 
submitted with the YOP. The YOP shall be consistent with the objectives of the VMP and 
shall describe the intended operational program for that calendar year. 
(b) The YOP shall be presented on forms and/or format approved by the Department. 

(2) Requirements. The YOP shall include but not be limited to the following: 
(a) Maps locating the ROW and Sensitive areas not readily identifiable in the field. 
(b) Herbicides proposed including application rates, carriers, adjuvants. 
(c) Herbicide application techniques and alternative control procedures proposed. 
(d) The company which will perform any herbicide treatment. 
(e) Identification of target vegetation. 
(f) Individual representing applicant supervising YOP. 
(g) Flagging methods to designate sensitive areas on the ROW. 
(h) Herbicide Fact Sheets as approved by the Department. 
(i) Procedures and locations for handling, mixing and loading of herbicide concentrates. 

(3) Public Notice, Review and Comment 
(a) Upon submittal of the YOP for approval, the Department will publish a notice in the 
Environmental Monitor. Said notice shall be provided by the applicant and shall include the 
information on the municipalities through which the rights-of-way pass, a brief description of 
the intended program, and the procedure for public review and comment. The Department 
will distribute copies of the Environmental Monitor notice to the appropriate mailing list and 
the applicant. 
(b) The applicant shall provide by certified mail under separate cover to the Board of Health, 
Conservation Commission and chief elected municipal official a copy of the proposed YOP 
and the Environmental Monitor notice for the city or town in which the herbicide treatment 
is proposed. The applicant shall maintain copies of the packet sent to municipalities and 
certified mail receipts as part of the recordkeeping requirements, 333 CMR 10.15. 
(c) The Department shall allow a 45 day comment period on proposed YOPs, unless 
extended for good cause, commencing with the publication of the notice in the Environmental 
Monitor and receipt of the proposed YOP and Environmental Monitor notice by each 
municipality. 
(d) The Department may approve, deny or modify YOPs after the 45 day comment period 
has expired. 

(4) Disposition ofYOP. 
(a) The YOP shall be submitted by the applicant to the Department at least 90 days prior to 
the proposed commencement of application to allow completion of the comment period and 
review. 
(b) The Department shall review the YOP to ensure that the YOP is consistent with the 
approved VMP. Any inconsistencies or deficiencies will be noted by the Department and 
returned to the applicant 
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(c) Where practical, the Department shall approve or deny the YOP within 90 days of 
receipt. The Department will provide notice of the decision to the applicant, municipal 
agencies and commentators in writing. 
(d) The approved YOP in conjunction with the VMP shall govern the application of 
herbicide for a period not to exceed 12 months in accordance with other laws and regulations 
of the State and Federal governments and impose such conditions as necessary to minimize 
the risk of adverse effects on human health and the environment 

(5) Time for Action. Non action on a Yearly Operational Plan within the time specified herein 
does not constitute constructive approval of the submitted plan. In the event that the Department 
fails to notify the applicant of a decision within the time specified above and upon a written 
request from the applicant the Commissioner must issue a finding within ten days of receipt 
stating the reason for the delay and providing an estimated completion date. 

11.07: Public Notification 

The applicant shall provide by certified mail under separate cover, at least 21 days in advance 
of the application ofherbicide to the right-of-way, a notice to the Department and to the Mayor, 
City Manager or Chairman of the Board of Selectman, the Board of Health, and the Conservation 
Commission in the municipality where the right-of-way lies. The notice shall include but not be 
limited to the approximate date on which such spraying shall occur, provided however, that said 
spraying shall not conclude more than ten days after said approximate date; a copy of a DFA 
approved Herbicide Fact Sheet on the active ingredient(s) of the herbicide(s) used; the name and 
address of contractor who will make the application or the name of the certified employee who 
will make the application. 

This notice may run concurrently with the public notice and comment period in 333 CMR 
11.06(3) provided the application is made after the close of the public notice and comment period 
and all modifications to the YOP are made before the application takes place and approval is 
granted by the Department. 

11.08: Notice of Modification and Revocation 

(I) The Department may suspend approval of any VMP or YOP, by written notice to the 
applicant and applicator, halting the application of herbicide to that right-of-way of the above 
mentioned YOP. After'21 days if the applicant does not request a hearing, the Department may 
revoke or modify the VMP and YOP, if it finds: 

(a) that the terms, conditions of restrictions thereof, are being violated or are inadequate to 
avoid unreasonable adverse effects on the environment or on human health; or 
(b) that the applicant has made a false or misleading statement in the VMP or YOP; or 
(c) that the applicant has violated any provision of the Massachusetts Pesticide Control Act 
or FIFRA, or any regulations, standards, orders or license issued under either. 

(2) Upon notice of revocation or modification, the applicant may modify the YOP by written 
request to the Department. Applications to modify the YOP shall be submitted in the manner set 
forth in 333 CMR 11.06 and disposed of in the manner set forth in 333 CMR 11.06. The 
Department may waive all or part of the requirement if it determines that the proposed changes 
do not significantly change the terms of the approved YOP. 

11.09: Rights of Ap_peal 

5/17/96 

Any person aggrieved by the decision of the Department to approve, deny, modify or revoke 
a Vegetation Management Plan or a Yearly Operational Plan may request an adjudicatory hearing. 
The request for a hearing must be sent to the Department by Certified mail or hand delivered 
within 21 days after the date of decision or notice by the Department. At the same time the 
request for a hearing must be sent by Certified mail or hand delivered to the applicant and the 
Pesticide Board. The request should state clearly and concisely the facts of the proceeding, the 
reasons the decision is alleged to be inconsistent with 333 CMR 11.00 and the relief sought by 
the adjudicatory hearing. The adjudicatory hearing before the Pesticide Board shall be conducted 
as set forth in M.G.L. c. 30A and M.G.L. c. 132B, § 13. 
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ll.l 0: Penalties 

Any person who violates any provision of 333 CMR 11.00 shall be subject to the criminal and 
civil penalties set forth in M.G.L. c. 132B, § 14. 

REGULATORY Al}THORITY 

333 CMR 11.00: M.G.L. c. I32B. 
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333 CMR 12.00: PROTECTION OF GROUNDWATER SOURCES OF PUBLIC DRINKING 
WATER SUPPLIES FROM NON-POINT SOURCE PESTICIDE 
CONTAMINATION 

Section 

12.01: Purpose 
12.02: Definitions 
12.03: General Provisions 
12.04: Pesticide Management Plan (PMP) 
12.05: Renewal and Amendments 
12.06: Revocation 
12.07: Record Keeping 
12.08: Penalties 
12.09: Appeal 
12.10: Effective Date 

12.0 1 · Purpose 

The purpose of 333 CMR 12.00 is to prevent non-point source contamination of public 
drinking water supply wells from pesticides products on the groundwater protection list. 

12.02: Definitions 

5/17/96 

.Am!tl means the act of releasing a pesticide to control the target pest(s) in accordance with label 
directions. 

Groundwater Protection List refers to the list of pesticide products which: ( 1) contain a potential 
groundwater contaminant(s); (2) have been registered as restricted use by the U.S. EPA due to 
groundwater concerns pursuant to 40 CFR 152.170, or; (3) have been registered as state 
restricted use for groundwater concerns by the Pesticide Board Subcommittee. 

Highly Vulnerable Site refers to a site which meets or exceeds the following criteria: 
(a) Soil Conservation Service Hydrologic Soil Group A soils, whose products of the top soil 
horizon, in inches, and the soil organic matter, in percent, is less than or equal to 15; and 
(b) the depth to the aquifer is less than 15 feet; and 
(c) the depth to the fractured bedrock or seasonable high water table is less than four feet. 

Indoor Setting refers to an application site which is not open to the soil or not vulnerable to 
weather conditions, including precipitation, and is located within a protected structure. 

Integrated Pest Management is an ecologically based approach to pest control, combining several 
different techniques including biological, mechanical, cultural and chemical controls to maintain 
pests below damaging levels. 

Leaching Potential refers to a pesticide which meets or exceeds the following criteria based upon 
the most conservative data and information published in the US EPA Environmental Fate and 
Groundwater Branch Pesticide Fate One-Line Summaries: 

(a) water solubility greater than or equal to 3 ppm, or; 
(b) Koc less than or equal to 1900, or; 
(c) Kd less than or equal to 20 in the absence of a reported Koc value, and; 
(d) soil half life greater than or equal to seven days. 
An absent or missing reported criterion will be considered as meeting or exceeding the criteria 

value. 
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Potential Groundwater Contaminant refers to a pesticide which meets the defmitions of 
"Toxicological Concern" and "Leaching Potential". 

Primary Recharge Area refers to a land area determined to be a Zone II as defined in 31 0 CMR 
22.02 or, in such cases where a Zone II area has not been approved by the Department of 
Environmental Protection, it shall be designated as the interim area of special protection of a 
one-half mile radius from any public drinking water supply well. 

Public Drinking Water Sum>lY Well refers to a public water supply well or wellfield determined 
by the Department of Environmental Protection which meets the requirements of 310 CMR 
22.21(l)(c), (d) or (e); or is registered with the Department of Environmental Protection pursuant 
to 310 CMR36.04. 

Soil Ap,ply means an application of a pesticide is made: 
(a) directly onto or into the soil according to label direction terminology, including but not 
limited, to incorporation, injection, soil treatment, soil drench, fumigation, mixed into soil, or 
in seed furrow, or; 
(b) to an area which has less than 50% foliar ground cover. 

Toxicological Concern refers to a pesticide which meets or exceeds of the following criteria: 
(a) Lifetime Maximum Contaminant Level (MCL), Proposed Maximum Contaminant Level 
(pMCL), DEP Office of Research and Standards (ORS) Guidelines, or Health Advisory Level 
(HAL) less than or·equal to 20 ppb; or 
(b) US EPA classification as a known or probable human carcinogen, categories A, B l or 
B2. 

12.03: General Provisions 

5/17/96 

(1) No person shall apply any product on the groundwater protection list within a primary 
recharge area without adoption of a Department approved integrated pest management program. 

(2) No person shall soil apply any product on the groundwater protection list within a primary 
recharge area unless that person has obtained of a pesticide management plan approved by the 
Department pursuant to 333 CMR 12.04. 

(3) No person shall apply any product on the groundwater protection list within a primary 
recharge area inconsistent with the conditions of a pesticide management plan or the integrated 
pest management program. 

(4) Products on the groundwater protection list are exempt from restrictions under 333 CMR 
12.00 provided that the product is labelled for, and applied exclusively in an indoor setting. 

(5) Pesticide products which contain a potential groundwater contaminant are exempt from the 
groundwater protection list provided that the product is: an aerosol product; a paint product; a 
finished bait product, or; a product applied directly to humans, domestic animals or livestock. 

(6) The Department will produce and update the groundwater protection list on a yearly basis, 
as of January 1 of each year. 

(7) No person shall apply any product on the groundwater protection list within a primary 
recharge area if a viable alternative exists. 
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( 1) APJ)lication. 
(a) The proponent of a pesticide managment plan shall supply, on a form or format provided 
by the Department, evidence adequate to the Department to justify the approval of a pesticide 
management plan, including but not limited to each of the following: 

1. Name and EPA Reg. No. of the pesticide product( s) on the groundwater protection 
list proposed for use; 
2. All maps necessary to identify the anticipated use site in relation to the primary 
recharge area; 
3. Written evaluations of alternative control methods, including economic ramifications; 
4. Information including: target pest, method of application, rate of application, 
irrigation practices (if any), crop and the percent of foliar ground cover; 
5. Storage, handling, mixing and loading procedures; 
6. The specific Department approved integrated pest management program that has been 
adopted; 
7. Site specific data of each of the following: 

a. Top soil horizon depth; 
b. Depth to seasonal high water table; 
c. Soil Conservation Service Soils Hydrologic Group; 
d. Soil test results of percent organic matter; 
e. Any available monitoring data including a list of wells on the site; 
f. Other data which supports a finding that the anticipated use site is not a highly 
vulnerable site. 

(b) All information submitted in the application must reference the source of the date. The 
Department reserves the right to request additional information from the applicant at any time 
throughout the review process. 

(2) Inter-departmental Review. 
(a) The Department will inform the Department of Environmental Protection and the 
Department of Public Health within 15 days of receipt of a proposed pesticide management 
plan and shall make the pesticide management plan available for their review. 
(b) Any comments submitted by the Department of Environmental Protection and 
Department of Public Health regarding a proposed pesticide management plan will be 
reviewed by the Department, and the Department will a,dvise the other agencies of the 
preliminary findings before rendering a decision. 

(3) Disposition of Application. A proposed pesticide management plan for the application of 
a product on the groundwater protection list to a site in a primary recharge area otherwise 
prohibited by 333 CMR 12.03, may be accepted by the Department only if it finds that each of 
the following exist: 

(a) the anticipated use site is not a highly vulnerable site; 
(b) the acceptance of the pesticide management plan is not likely to cause an unreasonable 
adverse effect on the environment; 
(c) there is no viable alternative control method other than the use of the product on the 
groundwater protection list; 
(d) implementation of the Department approved IPM or pesticide management plan will 
minimize to the maximum extent possible the application of products on the groundwater 
protection list; 
(e) that no product on the groundwater protection list has been detected as a result of the 
groundwater monitoring program. Said detection shall result in the prohibition of the 
product's use within the primary recharge area of a public water supply well in which the 
pesticide has been detected. 
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(4) Notification. 
(a) Within 60 days of receipt of a completed application, the Department will render a 
written decision notifying the applicant that the proposed pesticide management plan has 
been: 

1. approved; 
2. denied, or; 
3. held, pending additional information. 

(b) In the event that the Department is unable to render a decision pending further 
information, the Department will inform the applicant of the specific information needed to 
complete its evaluation at the time of notification. 
(c) Within 30 days of receipt of the additional information, the Department will render a 
decision in accordance with 333 CMR 12.04(3). 
(d) In the event that the Department approves a pesticide management plan, the Department 
may impose conditions on the use of the product on the groundwater protection list. 

(5) An approved pesticide management plan shall be valid for a period of one calendar year from 
the date of issuance and may be renewed pursuant to 333 CMR 12.05. 

12.05: Renewal and Amendments 

Any applicant desiring to amend or renew a pesticide management plan shall submit an 
application, on a form or format provided by the Department, for review by the Department in 
accordance with the provisions of 333 CMR 12.04. 

12.06: Revocation 

( 1) The Department may revoke, suspend or modify an approved pesticide management plan, 
by written notice to the proponent if it finds: 

(a) That the conditions or restrictions of the pesticide management plan are being violated 
or are inadequate to avoid significant risk of groundwater contamination or adverse human 
health effects; or 
(b) that the applicant has made a false or misleading statement in any information provided 
pursuant to 333 CMR 12.04. 

(2) The Department may prohibit the use of a product on the groundwater protection list 
product if it finds that the conditions of the integrated pest management program are not being 
followed. 

12.07: Record Keeping 

Any person who applies a pesticide product on the groundwater protection list within a 
primary recharge area, except those products exempted pursuant to 333 CMR 12.03, shall file 
annually with the Department information as required by the Department including but not limited 
·to 333 CMR 12.04(1)(a)l. through 6. provided that a list of addresses identifying sites treated 
may be substituted for the requirements of333 CMR 12.04(1)(a)2. 

12.08: Penalties 

5/17/96 

Any person in violation of 333 CMR 12.00 shall be subject to civil or criminal penalties 
pursuant to M.G.L. c. 132B, § 13. 

333 CMR- 82 
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12.09: Ap_pea1 

Any person aggrieved by a decision of the Department to deny, revoke, suspend or modify 
a pesticide management plan or the use of a product on the groundwater protection list, may 
request an adjudicatory hearing before the Pesticide Board as provided for pursuant to M.G.L. 
c. 132B, § 13. The request for a hearing must be made in writing and received by the Department 
within 21 days of the decision. 

12.10: Effective Date 

333 CMR 12.00 shall be effective on January 1, 1992. 

REGULATORY AUTHORITY 

333 CMR 12.00: M.G.L. c. 132B, § 13. 
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Bureau of Resource Protection - Snow Disposal Guidance 

Effective Date: March 8, 2001 

Guideline No. BRPG01-01 

Applicability: Applies to all federal, state, regional and local agencies, as VI 

to private businesses. 

Supersedes: BRP Snow Disposal Guideline BRPG97-1 issued 12/19/97, c 
previous snow disposal guidance 

Approved by: Glenn Haas, Assistant Commissioner for Resource Protectic 

PURPOSE: To provide guidelines to all government agencies and private 
businesses regarding snow disposal site selection, site preparation and 
maintenance, and emergency snow disposal options that are acceptable t 
Department of Environmental Protection, Bureau of Resource Protection. 

APPLICABILITY: These Guidelines are issued by the Bureau of Resource 
Protection on behalf of all Bureau Programs (including Drinking Water Su~ 
Wetlands and Waterways, Wastewater Management, and Watershed Plar 
and Permitting). They apply to public agencies and private businesses dis 
of snow in the Commonwealth of Massachusetts. 

INTRODUCTION 

Finding a place to dispose of collected snow poses a challenge to municip 
and businesses as they clear roads, parking lots, bridges, and sidewalks. · 
we are all aware of the threats to public safety caused by snow, collected 
that is contaminated with road salt, sand, litter, and automotive pollutants ! 
as oil also threatens public health and the environment. 

As snow melts, road salt, sand, litter, and other pollutants are transported 

http:/ /www.mass.gov/dep/brp/files/snowdisp.htm 1119/2005 
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surface water or through the soil where they may eventually reach the 
groundwater. Road salt and other pollutants can contaminate water suppli 
and are toxic to aquatic life at certain levels. Sand washed into waterbodie 
create sand bars or fill in wetlands and ponds, impacting aquatic life, caus 
flooding, and affecting our use of these resources. 

There are several steps that communities can take to minimize the impact 
snow disposal on public health and the environment. These steps will hel,.:: 
communities avoid the costs of a contaminated water supply, degraded 
waterbodies, and flooding. Everything we do on the land has the potential 
impact our water resources. Given the authority of local government over 1 
use of the land, municipal officials and staff have a critically important role 
play in protecting our water resources. 

The purpose of these guidelines is to help municipalities and businesses s 
prepare, and maintain appropriate snow disposal sites before the snow be 
to accumulate through the winter. 

RECOMMENDED GUIDELINES 

These snow disposal guidelines address: (1) site selection; (2) site prepar 
and maintenance; and (3) emergency snow disposal. 

1. SITE SELECTION 

The key to selecting effective snow disposal sites is to locate them adjace 
or on pervious surfaces in upland areas away from water resources and w 
At these locations, the snow meltwater can filter in to the soil, leaving behi 
sand and debris which can be removed in the springtime. The following ar 
should be avoided: 

• Avoid dumping of snow into any waterbody, including rivers, the oce 
reservoirs, ponds, or wetlands. In addition to water quality impacts a 
flooding, snow disposed of in open water can cause navigational ha~ 
when it freezes into ice blocks. 

• Do not dump snow within a Zone II or Interim Wellhead Protection A 
(IWPA) of a public water supply well or within 75 feet of a private we 
Where road salt may contaminate water supplies. 

• Avoid dumping snow on OEP-designated high and medium-yield aqt 
where it may contaminate groundwater (see the next page for inforrr 
on ordering maps from MassGIS showing the locations of aquifers, .l 
ll's, and IWPAs in your community). 

• Avoid dumping snow in sanitary landfills and gravel pits. Snow melw 
will create more contaminated leachate in landfills posing a greater r 
groundwater, and in gravel pits, there is little opportunity for pollutani 
be filtered out of the meltwater because groundwater is close to the I 
surface. 

• Avoid disposing of snow on top of storm drain catch basins or in 
stormwater drainage swales or ditches. Snow combined with sand a 
debris may block a storm drainage system, causing localized floodin 

http://www.mass.gov/deplbrp/files/snowdisp.htm 1119/2005 
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high volume of sand, sediment, and litter released from melting snov 
may be quickly transported through the system into surface water. 

Site Selection Procedures 

a. It is important that the municipai·Department of Public Works or Higt 
Department, Conservation Commission, and Board of Health work 
together to select appropriate snow disposal sites. The following ste1 
should be taken: 

b. Estimate how much snow disposal capacity is needed for the seasor 
that an adequate number of disposal sites can be selected and prep 

c. Identify sites that could potentially be used for snow disposal such a: 
municipal open space (e.g., parking lots or parks). 

d. Sites located in upland locations that are not likely to impact sensitiv· 
environmental resources should be selected first. 

e. If more storage space is still needed, prioritize the sites with the leas 
environmental impact (using the site selection criteria, and local or 
MassGIS maps as a guide). 

MassGIS Maps of Open Space and Water Resources 

If local maps do not show the information you need to select appropriate s 
disposal sites, you may order maps from MassGIS (Massachusetts Geogr 
Information System) which show publicly owned open spaces and approxi 
locations of sensitive environmental resources (locations should be field-v· 
where possible). Different coverages or map themes depicting sensitive 
environmental resources are available from MassGIS on the map you ordc 
a minimum, you should order the Priority Resources Map. The Priority 
Resources Map includes aquifers, public water supplies, DEP-approved Z 
ll's, Interim Wellhead Protection Areas, Wetlands, Open Space, Areas of< 
Environmental Concern, NHESP Wetlands Habitats, DEP Permitted Solid 
Waste facilities, Surface Water Protection areas (Zone A's) and base map 
features. The cost of this map is $25.00. Other coverages or map themes 
may consider, depending on the location of your city or town, include 
Outstanding Resource Waters and DEP Eelgrass Resources. These are 
available at $25.00 each, with each map theme being depicted on a separ 
map. Maps should be ordered from MassGIS via the Internet at 
http://www.mass.gov/mgis. Maps may also be ordered by fax at (617) 626 
(order form available from the MassGIS web site) or mail. For further 
information, contact MassGIS at (617) 626-1189. 

2. SITE PREPARATION AND MAINTENANCE 

In addition to carefully selecting disposal sites before the winter begins, it i 
important to prepare and maintain these sites to maximize their effectiven• 
The following maintenance measures should be undertaken for all snow 
disposal sites: 

• A silt fence or equivalent barrier should be placed securely on the 
downgradient side of the snow disposal site. 

http:/ /www.mass.gov/dep/brp/files/snowdisp.htm 1119/2005 
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• To filter pollutants out of the meltwater, a 50-foot vegetative buffer st 
should be maintained during the growth season between the dispose 
and adjacent waterbodies. 

• Debris should be cleared from the site prior to using the site for snov 
disposal. 

• Debris should be cleared from the site and properly disposed of at tt 
of the snow season and no later than May 15. 

3. EMERGENCY SNOW DISPOSAL 

As mentioned earlier, it is important to estimate the amount of snow dispo: 
capacity you will need so that an adequate number of upland disposal site 
be selected and prepared. 

If despite your planning, upland disposal sites have been exhausted, snov 
be disposed of near waterbodies. A vegetated buffer of at least 50 feet she 
still be maintained between the site and the waterbody in these situations. 
Furthermore, it is essential that the other guidelines for preparing and 
maintaining snow disposal sites be followed to minimize the threat to adjac 
waterbodies. 

Under extraordinary conditions, when all land-based snow disposal option 
exhausted, disposal of snow that is not obviously contaminated with road : 
sand, and other pollutants may be allowed in certain waterbodies under CE 

conditions. In these dire situations, notify your Conservation Commission c 
the appropriate DEP Regional Service Center before disposing of snow in 
waterbody. 

Use the following guidelines in these emergency situations: 

• Dispose of snow in open water with adequate flow and mixing to pre 
ice dams from forming. 

• Do not dispose of snow in saltmarshes, vegetated wetlands·, certifiec 
vernal pools, shellfish beds, mudflats, drinking water reservoirs and 1 
tributaries, Zone lis or IWPAs of public water supply wells, Outstand 
Resource Waters, or Areas of Critical Environmental Concern. 

• Do not dispose of snow where trucks may cause shoreline damage c 
erosion. 

• Consult with the municipal Conservation Commission to ensure that 
disposal in open water complies with local ordinances and bylaws. 

FOR MORE INFORMATION 

If you need more information, contact one of DEP's Regional Service Cen· 

Northeast Regional Office, Boston, (617) 654-6500 
Southeast Regional Office, lakeville, (508) 946-2714 
Central Regional Office, Worcester, (508) 792-7683 
Western Regional Office, Springfield, (413) 755-2214 

http:/ /www.mass.gov/ dep/brp/files/snowdisp.htm 1/19/2005 
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or 

Call Thomas Maguire of DEP's Bureau of Resource Protection in Boston c: 
(617) 292-5602. 

dep home • calendar • new additions· search • site map • privacy policy 
contact Jullanne.Ture@state.ma.us 

http://www.mass.gov/dep/brp/files/snowdisp.htm 1119/2005 



ARGEO PAUL CELLUCCI 
Governor 

JANESWIFf 
Lieutenant Governor 

COMMONWEALTH OF MASSACHUSETTS 

EXECUTIVE OFFICE OF ENVIRONMENTAL AFFAIRS. 

DEPARTMENT OF ENVIRONMENTAL PROTECTION 
ONE WINTER STREET, BOSTON, MA 02108 617-292-5500 

BUREAU OF RESOURCE PROTECTION 
DRlNKING WATER PROGRAM 

GUIDELINES ON DEICING CHEMICAL (ROAD SALT) STORAGE 

Effective Date: December 19, 1997 Guideline No. DWSG97-1 

Applicability: Applies to all parties storing road salt or other chemical deicing agents. 

BOB DURAND 
Secretary 

LAUREN A. LISS 
Commissioner 

Supersedes: Fact Sheet: DEICING CHEMICAL (ROAD SALT) STORAGE (January 1996) 

Approved by: Arleen O'Donnell, Asst. Commissioner for Resource Protection 

PURPOSE: To summarize salt storage prohibition standards around drinking water supplies and 
current salt storage practices. 

APPLICABILITY: These guidelines are issued on behalf of the Bureau of Resource 
Protection's Drinking Water Program. They apply to all parties storing road salt or other 
chemical deicing agents. 

DEICING CHEMICAL (ROAD SALT) STORAGE 

I. The Road Salt Problem: Historically, there have been incidents in Massachusetts where 
improperly stored road salt has polluted public and private drinking water supplies. 
Recognizing the problem, state and local governments have taken steps in recent years to 
remediate impacted water supplies and to protect water supplies from future 
contamination. As a result of properly designing storage sheds, new incidents are 
uncommon. These guidelines summarize salt storage prohibition standards around 

II. 

drinking water supplies and current salt storage practices. · 

Salt Pile Restrictions in Water Supply Protection Areas: Uncovered storage of salt is 
forbidden by Massachusetts General Law Chapter .85, section 7 A in areas that would 
threaten water supplies. The Drinking Water Regulations, 310 CMR 22.21(2)(b), also 
restrict deicing chemical storage within wellhead protection areas (Zone I and Zone II) 

This information is available in alternate format by calling our ADA Coordinator at (617) 574-6872. 

DEP on the World Wide Web: http://www.state.ma.usldep 
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for public water supply wells, as follows: "storage of sodium chloride, chemically 
treated abrasives or other chemicals used for the removal of ice and snow on roads [are 
prohibited], l.mless such storage is within a structure designed to prevent the generation 
and escape of contaminated runoff or leachate." For drinking water reservoirs, 310 CMR 
22.20C prohibits, through local bylaw, uncovered or uncontained storage of road or 
parking lot de-icing and sanding materials within Zone A at new reservoirs and at those 
reservoirs increasing their withdrawals under MGL Chapter 21G, the Water Management 
Act. 

For people on a low sodium·diet, 20 mg/L of sodium in drinking water is consistent with 
the bottled water regulations' meaning of"sodium free." At 20 mg/L, sodium contributes 
10% or less to the sodium level in people on a sodium restricted diet. For more 
information contact: Catherine Sarafinas; DEP Drinking Water Program, at 617-556-
1070. 

Salt Storage Best Management Practices (BMP): Components of an "environment­
friendly" roadway deicing salt storage facility include: 

• the right site = a flat site; 
• adequate space for salt piles; 
• storage on a pad (impervious/paved area); 
• storage under a roof; and 
• runoff collection/containment. 

For more information, see The Salt Storage Handbook, 4th ed. Virginia: Salt fustitute, 
1987 (phone 703-549-4648). 

IV. Salt Storage Practices of the Massachusetts Highway Department: The 
Massachusetts Highway Department (MHD) has 216 permanent salt storage sheds at 109 
locations in the state. On leased land and state land under arteries and ramps, where the 
MHD cannot build sheds, salt piles are stored under impermeable material. This 
accounts for an additional 15 sites. The MHD also administers a program to assist 
municipalities with the construction of salt storage sheds. Of 351 communities, 201 
municipalities have used state funds for salt storage facilities. 

For more information contact Henry Barbaro, Massachusetts Highway Department, 10 
Park Plaza, Boston, MA 02116 (phone 617-973-7 419). 



MI)F A - Programs - Agricultural Environmental Enhancement Program 

SWAP home page 

Case Studies 

AEEP home page 

Horse Owners 

Department of 
Environmental 
Protection's Source Water 
Assessment and 
Protection Program 

Massgrown home page 

What does SWAP mean for Livestock, Dairy 
and Crop farmers? 

Each public water supplier will receive a report generated 
from the SWAP program. The SWAP report will indicate 
all potential source of contamination to the water supply 
(agricultural and non-agricultural) and how many of these 
potential contaminates are located in the water protection 
area for that specific public water supply. In the report, 
farms will not be listed by name, but rather by type of 
land use and number of farms that are located in the water 
protection zones. 

The public water supplier's main goal is to have high 
quality water. The SWAP report can be used as a 
planning tool to help keep pollution at a minimum. 
SWAP is a voluntary program. 

Are Farmers doing their part? 

Find out if the farm is located in a water protection area. 

• Contact the county United States Department of 
Agriculture Natural Resources Conservation 
Service (USDA-NRCS) at www.ma.nrcs.usda.gov/ 
or call the state office at ( 413) 253-4350. 

• Contact the public water supplier in the town the 
farm is located in. 

• Contact the MA Department of Environmental 
Protection's Source Water Assessment and 
Protection Program at (617) 556-1157 or on the 
web at: www.mass.gov/dep/brp/dws/swap.htm 

• Check the Massachusetts Geographic Information 
System (MassGIS) at 
http://maps.massgis.state.ma. us/wspal 

Having a Comprehensive Farm Management Plan 
(Farm Plan). 

http://www.mass.gov/agr/programs/aeep/swap/farmers.htm 
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MDF A - Programs - Agricultural Environmental Enhancement Program 

Definition: a strategy that encompasses the whole fann 
operation to prevent the degradation of resources (soil, 
water, air, plant and animal) and to ensure their sustained 

· use and productivity, while considering the client's 
economic and social needs. 

• If the fanner is currently working with the county 
USDA NRCS (United States Department of 
Agriculture-Natural Resources Conservation 
Service) office he/she must have a Fann Plan. 

• If the fanner does not work with the USDA, he/she 
can develop a Fann Plan by completing the 
worksheets located in the "On-Fann Strategies to 
Protect Water Quality: An Assessment and 
Planning Tool for Best Management Practices." 
This publication can be obtained from the 
Department of Agricultural Resources at 617-626-
1700 . 

. Utilizing and Installing Best Management 
(Agricultural) Practices (BMPs). 

Definition: accepted agricultural practices that are used to 
protect and improve surface water and groundwater· 
quality and other natural resources that may be on the 
land. 

Fertilizer Storage and Use Concerns: 

• Are there regular soil tests to determine the amount 
of fertilizer needed for a particular crop? 

• Is there a buffer strip or grassy area between edges 
of fields, waterways and wetlands? 

• Does the fann have a Nutrient Management Plan? 
• Are good records kept of fertilizer applications? 

Pesticide Storage and Use Concerns: 

• Are good records kept of pesticide applications? 
• Does the fann have a Pest Management Plan? 
• Is there a buffer strip or grassy area between edges 

of fields, waterways and wetlands? 
• Does the farm have an adequate pesticide mixing, 

loading and storage area? 

Manure Storage and Use Concerns: 

• Does manure spreading cease when the ground is 

http://www.mass.gov/agr/programs/aeep/swap/farmers.htm 
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frozen? 
• Are animals fenced out of rivers and streams? 
• Are manure resources composted? 
• Are good records kept of manure applications? 
• Are there regular soil tests to determine the amount 

of manure needed on a particular field for a 
particular crop? 

Sedimentation and Erosion Control Concerns: 

• Is the farm using contour farming, strip cropping, 
or planting cover crops? 

• Is there a buffer strip or grassy area between edges 
of fields, waterways and wetlands? 

• Are No-Till or Minimum-Till practices utilized? 

Communication is Key! 

It is very important to keep the lines of communication 
open with the public water supplier to reassure them that 
the farmers are doing their part at being good stewards of 
the environment and will continue farming that way. The 
farmer's land has been productive for all of these years 
because of good management practices. 

Farmers have pride in their operations. The farmer needs 
to be sure to express to the public water supplier that 
there are steps being taken to decrease the potential for 
source water contamination. Without the farmer's input, 
the public water supplier will never know about his/her 
conscientious stewardship. water supply contamination. 

Where can a farmer get help-financial or technical? 

Massachusetts Department of Agricultural Resources 
(MDAR) 

• Agricultural Environmental Enhancement Program 
• Farm Viability Enhancement Prognn 
• Pesticide Bureau 

United States Department of Agriculture (USDA) 

• Farm Service Agency (FSA) 
• Natural Resources Conservation Service (NRCS) 

http://www.mass.gov/agr/prograrns/aeep/swap/farmers.htm 
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America's Clean Water Foundation 

• On-Farm Assessment & Environmental Review 
(OFAER) 

For more Information: 

To learn more about SWAP, how this program can affect 
farm businesses and how to understand and work with 
farmers more effectively, please contact the Department 
of Agricultural Resources to obtain a copy of the 
Massachusetts SWAP Reference Guide for Farmers at 
617-626-1700. 

http:/ /www.mass.gov/agr/programs/aeep/swap/farmers.htm 
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Fouch, Ranthus 

From: 

Sent: 

To: 

Michael Knox [mf_knox@msn.com] 

Wednesday, January 19,2005 9:05AM 

Fouch, Ranthus; Tom Martens; Carol Harris; David Brunelle 

Subject: Fw: Data Base Software Format 

Hello everyone: 

Page 1 ofl 

This is the information I received from Larry Guilmartin regarding MWWA database software. 

Mike 

~- Original Message -­
From: Lguilmartin@cs.com 
Sent: Thursday, January 13, 2005 4:01 PM 
To: mf_knox@msn.com 
Subject: Re: Data Base Software Format 

Hi Mike, 

Carol Harris and George Allan are both using Microsoft Access. I don't know about George, but Carol does <!1 

have a licensed version of Microsoft Access 2000 on her computer. The problem I see is that we have two < 

copies of the MWNA database m out there, one on George's computer and one on Carols computer. Presently 
they're not the same because George continually adds data to the database (ie new members, etc.). Carol's /1 

database does not the new data and if Carol made changes to her database (I doubt she has), then we could 
have additional problems. We need to develop a policy for keeping both databases current with each other. 

I believe the MWWA database, and the Microsoft Access program are both good, user friendly programs. The 
Database may need modifications ir required from time-to-time to streamline its capabilities and Microsoft 
Access provides the tools to make these changes. Presently we're only using a fraction of Access's power and 
capabilities. 

Call if you need additional information. 

Larry Guilmartin 

1119/2005 
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Information for: 

Homeowner 

Turf I Nursery I Landscape I 
Lawn Care professionals 

Horse Owners 

Livestock, Dairy, and Crop 
Farmers 

Public Water Suppliers 

Case Studies 

AEEP Home page 

Department of Environmental 
Protection's Source Water 
Assessment and Protection 
Program 

Massgrown home page 

Protecting Drinking Water Quality with the 
Source Water Assessment and Protection 

(SWAP) Program 

Protecting our drinking water supplies has become more and more 
important in recent years. Water is a shared resource. Many industries 
and homeowners expect a clean water supply to meet a variety of daily 
needs. Water is everywhere! However, certain practices used around 
the home, farm or other businesses involve activities that could have 
unwanted and potentially harmful impacts on the drinking water supply. 
In Massachusetts, the Department of Environmental Protection (MA 
DEP) has developed a ranking for common practices in many 
industries based on their potential to contaminate a public water 
supply. Pesticide storage or use, manure spreading or storage, 
livestock operations, and dairy farms are all ranked as high potential 
threats to drinking water supplies. Landscaping, lawn care/gardening, 
fertilizer storage or use, nurseries, fuel oil storage, septic systems and 
composting facilities have been ranked as moderate potential threats. 
Many of these practices, if not all of them, affect homes and 
businesses in some way. 

Nonpoint source (NPS) pollution, unlike pollution from point sources 
such as industrial waste and sewage treatment plants, comes from 
many diffuse sources. Polluted runoff is caused by rainfall or snowmelt 
moving over and through the ground. As the runoff moves, it picks up 
and carries away natural and human-made pollutants, finally 
depositing them into watersheds through lakes, rivers, wetlands, 
coastal waters, and even our underground sources of drinking water. 

What is Source Water? 

Source Water is water in its natural state from streams, rivers, lakes, or 
underground aquifers, which is used to supply private wells and public 
drinking water. Ultimately, all source waters begin as rainfall or 
snowmelt that travels over and through the ground until it collects at a 
low point such as a water body or an underground aquifer. Since water 
has the ability to dissolve or transport many compounds, rainfall runoff 
can pick up contaminants as it flows across or through the ground. 
These contaminants can then be deposited in the source water. 
Whether these contaminants pose a threat to consumers of the source 
water depends on the type and quantity of contaminant and the level of 
treatment provided by the water supplier. Contaminant types and 
quantity are determined by the characteristics of the land and the types 
of land use in the areas that contribute runoff to the source water. 
There are a number of threats to drinking water including improperly 
disposed of chemicals, pet and animal wastes, pesticides, and 
fertilizers. Preventing water supply contamination at the source is the 
least costly and most effective way to maintain high water quality, 
which can be achieved through land use management. This is the first 
barrier of protection for public and private water supplies. 

What is SWAP? 

http:/ /www.mass.gov/agr/programs/aeep/swap/index.htm 
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SWAP is the Source Water Assessment & Protection Program created 
by the 1996 Amendments to the federal Safe Drinking Water Act, 
which emphasizes the importance of protecting public drinking water. 
SWAP is designed to identify potential threats to drinking water 
sources. Through this program, the MDEP with guidance from the EPA 
is developing a SWAP report and map for each public water system 
that describes the potential threats. The report also recommends 
strategies to protect drinking water local.ly. Local and state officials can 
then use this report as a planning tool to target inspections and 
technical assistance where they are needed the most, encourage 
cooperative emergency response, and contribute to comprehensive 
protection of all public water sources. 
Massachusetts has over 1 ,600 public water systems that provide 
drinking water to homes, schools, businesses, and industries. Over 90 
percent of the state's population depends on public water supply 
sources, which are often vulnerable to contamination. The MA DEP 
has had a water supply protection program since 1980. New federal 
requirements will help MA DEP focus its resources on improving 
protection statewide. As a result, local water suppliers and municipal 
officials will receive more hydrogeological and planning assistance 
from MA DEP for improved protection of local drinking water sources. 

Four Steps: There are four parts to each SWAP report for each public 
water supply. The first step is to "map out" or delineate the protection 
areas for all public ground and surface water sources. Next, an 
inventory of the land uses in these areas must be constructed. Each 
land use is evaluated based on its potential threat to water quality. 
Third, the susceptibility of contamination of the water supply from the 
land uses will be determined. Finally, the results of the SWAP must be 
publicized so the community is aware of any possible problems with 
their water supply. A summary of the SWAP results for each public 
water system will be described in the Consumer Confidence Report 
that the systems provide annually to their customers. 

Threat Rankings: Each land use is ranked as high, moderate or low. 
These ran kings represent the relative threat of each land use, or 
Potential Sources of Contamination (PSC), compared to each other. 
The ranking of a particular PSC is based on a number of factors, 
including: the type and quantity of chemicals typically used or 
generated by the PSC; the characteristics of the contaminants (such 
as the toxicity, environmental fate and transport); and the behavior and 
mobility of the pollutants in soils and groundwater. All land uses are 
evaluated including commercial and residential as well as agricultural. 

Pesticide storage or use, manure spreading or storage, livestock 
operations, and dairy farms are all ranked as high potential threats to 
drinking water supplies. Landscaping, lawn care/gardening, fertilizer 
storage or use, nurseries, fuel oil storage, septic systems and 
composting facilities have been ranked as moderate potential threats. 
This means that these activities are those that typically use, produce, 
or store contaminants of concern, which, if managed improperly, are 
potential sources of contamination. It is important to understand that a 
release may never occur from the potential source of contamination 
provided facilities are using Best Management Practices or BMPs. 
BMPs are cost-effective, conservation methods that protect water and 
make farms more productive. If these activities are in place, the actual 
risk may be lower than the threat ranking of high or moderate. Many 
PSCs are regulated at the federal, state and/or local levels, to further 
reduce the risk. 

Land Areas of Concern: The areas of concern to source water 
protection are the lands that directly affect the quality of water. Zones 
A, 8 and C deal with surface water protection whereas Zones I, II, Ill 
and IWPAs refer to ground water protection. 

http:/ /www.mass.gov/agr/programs/aeep/swap/index.htm 
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MDAR - Programs - Agricultural Environmental Enhancement Program 

!surface Water Protection Areas I EJ Land area between surface water and "'• upper 
boundary of a bank; the land area within 400 feet of the 
bank of the surface water; and the land area within 200 
feet of a tributary. 

jzone B 
I Land area within one-half mile of the upper boundary of 

the bank, or edge of the watershed, whichever is less. 

jzoneC 
I All other land not designated as Zone A or Zone B 
. within the watershed Ground Water Protection Areas. 

jGround Water Protection Areas I 
EJ The protective radius required around a public water 

supply; 1 00-400 ft. proportional to the well's pumping 
rate. 

That area of an aquifer which contributes water to a well 
under the most severe pumping and recharge 
conditions that can be realistically anticipated (180 days 

Zone II of pumping at approved yield, with no recharge from 
precipitation). 
IWPA Interim Wellhead Protection Area-the area around 
a well that does not have a MDEP approved Zone II. 

lzone Ill 
I The land area beyond the area of a Zone II from which I 

surface and ground water drain into the Zone II. 
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Amherst College > Environmental Health & Safety > Policies & Procedures > Environmental > Pesticide Management Policy 

AMHERST COLLEGE 
AMHERST, MASSACHUSETTS 01002 

APRIL2003 

Pesticide Management Policy 
I. Scope 

II. Purpose 

III. Applicability 

IV. Definitions 

V. Regulatory Requirements 

VI. Industrial, Institutional. Structural and Health Related Pest Control 

VII. Supervision of Non-Certified Amherst College Applicators 

VIII. Acquisition of Fungicides, Herbicides. Insecticides. Pesticides and Rodenticides at Amherst 
College 

IX. Storage Facilities 

X. Mixing Facilities 

XI. Restricted Use Pesticides 

XII. Pesticide Treated Areas 

XIII. Training 

XIV. Certification or License Renewal 

XV. Insurance Requirements 

XVI. Recordkeeping Requirements 

XVII. Leaks. Spills and Ruptures 

XVIII. Fire 

I. Scope 

In accordance with the requirements of the Federal Insecticide, Fungicide and Rodenticide 
Act (FIFRA), 40 CFR 150 to 189, the Massachusetts Pesticide Regulations, 333 C.M.R. and 
the OSHA Worker Protection Standard, 29 CFR 1910, Amherst College under the direction 
of the Environmental Health & Safety Committees has drafted, implemented and will 
maintain this Pesticide Management Policy for the application, storage, transportation and 
disposal of pesticides, including fungicides, herbicides, insecticides, and rodenticides. 

II. Purpose: 

Amherst College has written and implemented this policy in order to lessen potential risk to 
faculty, staff, students and the rest of the community and to reduce the negative 
environmental impact and to formalize methods of proper application of pesticides, which 
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include fungicides, herbicides, insecticides, and rodenticides. Labeling, licensing, storage, 
use and disposal of these materials shall be properly managed in accordance with the 
regulatory requirements of the local, state and federal governments and the standard 
operating guidelines of the Environmental Health and Safety Committee. 

III. Applicability: 

The materiaJs referenced above can and have been used on Campus and at the Amherst Golf 
Course for many years. Product utilization is broad range, from materials that are applied on 
the athletic fields and golf course to the insecticides that are used to control ants, 
cockroaches and other similar pests. Although faculty, staff, students, visitors and the rest of 
the community may come into contact with one or a few of these materials at some time, 
their use is closely monitored and regulated by the College. The ultimate responsibility for 
the application, storage, transportation and disposal of fungicides, herbicides, insecticides, 
and rodenticides rests with the Physical Plant. Departments within the Physical Plant 
(Athletics and Grounds) have the license and responsibility for use of the above materials. 
That being the case, applicability of the policy most often applies directly to them 

• Physical Plant has also contracted with Minuteman Pest and Wildlife Control for 
animal, insect and rodent control. As an addendum, a copy of the Minuteman Pest 
Control Plan has been attached to this policy. (See Appendix A) 

IV. Definitions 

Agricultural Areas- includes but is not limited to. Actively cultivated gardens, 
greenhouses, orchards, fields, pastures and other areas where herbicides might adversely 
effect the vegetation under or around the cultivation or agricultural management. 

Commercial Certified Applicator- personnel within the department of Athletics and 
Grounds at the Physical Plant who have fulfilled their state regulatory requirements and 
have been determined by the Commonwealth of Massachusetts to be competent in the use 
and handling of pesticides. Commercially Certified Applicators must have proven their 
competency by demonstrating both practical and written knowledge, before certification is 
granted. Under the direction or supervision of the Commercial Certified Applicator, a non­
certified applicator working for the college can carry out the application of pesticides. 

Contamination and Pollution -the presence of one or more fungicides, herbicides, 
insecticides, and rodenticides in the environment that may cause adverse environmental 
impact to air, food, land or water. 

Non-Certified Commercial Applicator- an employee of the college who has been trained 
in the handling and use of pesticides but who is not commercially certified. A non-certified 
applicator works under the direction of a person who carries certification as a Commercial 
Applicator. 

Ornamental Applicator- Applicator certified in this subcategory must have demonstrated 
knowledge of pesticides as it applies to the protection of flowers, trees and shrubs 
maintained for shade and aesthetic purposes. 

Pest Control- Commercial applications used in, on or around food handling 
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establishments, dormitories and houses, infirmaries, institutions, and any other structures 
and adjacent areas, public or private for the control of pests, including but not limited to 
cockroaches, ants, termites, stink bugs, bees, wasps, hornets etc. 

Pesticide Use- The act of handling, releasing or exposing a person or the environment to a 
fungicide, herbicide, insecticide, or rodenticide, including, but not limited to: 

1. the application of a pesticide including loading of equipment and any supervisory 
action in or near the area of application. 

2. storage actions relative to pesticides and pesticide containers carried out or supervised 
by an applicator 

3. disposal actions relative to pesticides and pesticide containers carried out or 
supervised by an applicator 

4. transportation actions relative to pesticides and pesticide containers except those by 
carriers and dealers 

Protected Area(s): 

1. Any building on campus that people gather and the area 100' surrounding these 
structures provided that such defines "Protected Areas" shall not exceed the property 
line; 

2. Developed recreation areas on campus that are open to the public that include but are 
not limited to; recreation facilities, playgrounds, school bus stops, basketball and 
tennis courts, baseball, football, lacrosse and soccer fields and other areas developed 
for organized recreation. 

Turf Applicators - Applicators who make or supervise applications to grassed areas that 
include, but are not limited to, golf courses, parks, recreation areas, business entities, 
projects, or operations on public or private lands. 

V. Regulatory Requirements 

Amherst College is required to comply with the state and federal regulatory requirements 
for pesticides issued by the Massachusetts Department of Environmental Protection and the 
Federal Environmental Protection Agency. Facilities using pesticides to up keep parks, 
public lawns, and facilities that deal with mechanical treatment of cleaning, adjusting, 
handling or removing parts that contain pesticide residues. 

In accordance with federal, state and local regulations, the following businesses or groups 
shall comply with all applicable areas of the pesticide regulations; 

1. Manufacturers 
2. Distributors 
3. Transporters 
4. Facilities that use pesticides in all areas of their operations, including; 

• athletic fields and associated grounds 
• public lawns 
• pest and rodent abatement 
• those businesses that clean, adjust or handle parts that have or do contain 
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pesticides 

Facilities that use pesticides shall comply with the following FIFRA regulatory 
requirements in the area of worker protection, (OSHA) 29 CFR 1910; 

1. the facility must have all of their chemicals including pesticides properly labeled 
2. a copy of the Material Safety Data Sheet (MSDS) must be available to the employees 

upon request. 

• Amherst College makes the MSDS for each and every chemical used by 
the Physical Plant available 24 hours a day, 7 days a week. The MSDSs 
are located in the main lobby of the Physical Plant, just outside the 
Amherst College Campus Police Department. 

3. the college shall make first aid supplies and other safety equipment available in the 
areas where pesticides are mixed and stored. 

4. Personal protective equipment must be provided to prevent worker illness or injury. 
When necessary eye, face, foot, hands and respiratory protection shall be provided by 
the employer. 

5. the employer must also provide the necessary training to the employees who will be 
required to apply, handle, store and then dispose of pesticides, and 

6. the employer must also provide a decontamination plan for the employees, in case of 
accidental leak or spill. 

7. All pesticides, including fungicides, herbicides, insecticides and rodenticides must be 
properly handled at all times. Disposal of materials that are considered to be old, 
outdated or surplus shall be disposed of in a manner consistent with the requirements 
of the federal EPA 

In accordance with the state and federal regulatory requirements for pesticide application, 
Amherst College shall only permit trained, authorized and certified personnel to apply, 
handle, store and dispose of pesticides (all inclusive) on campus, both interior and exterior. 
The College utilizes an in-house staff of 6 personnel for ornamental and turf pest control 
and an outside contractor for pest, food and public health concerns that may involve the use 
of pesticides. Of the 6 (in-house personnel), three hold supervisors licenses. The other three 
have applicator licenses. 

For calendar years 1999 and 2000, the contractor for pesticide application in the 
dormitories, dining hall and health care center shall be the responsibility of: 

Minuteman Pest and Wildlife Control 

VI. Industrial, Institutional, Structural and Health Related Pest Control 

Application of fungicides, herbicides, insecticides, pesticides and rodenticides in the 
following areas shall be performed by a certified, licensed and fully insured commercial 
applicator, approved of by the Commonwealth of Massachusetts. 

1. all dormitories and other residential occupancies 
2. Keefe Health Center 
3. Valentine Dining Hall 
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4. Keefe Campus Center 
5. all academic and support buildings 
6. storage and mechanical areas 

The above referenced company shall, upon request provide the college and any regulatory 
agency with proof of all applicable training, certifications and insurance. The company 
noted above also shall follow all applicable, local, state and federal regulatory requirements 
specific to the most appropriate type oflisted pest control listed in 333 CMR 10.04, as well 
as those standard operating guidelines drafted, implemented and maintained by the Physical 
Plant Environmental Health and Safety Committee. 

VII. Supervision of Non-Certified Amherst College Applicators 

Certified applicators whose activities include a supervisory role must demonstrate written 
and practical knowledge 
of the federal and state supervisory requirements, including those for labeling of pesticides 
by non-certified 
applicators. The availability of a certified applicator must be directly related to the hazards 
ofthe situation: 

In situations where the certified applicator is not required to be physically present "direct 
supervision" shall include verifiable instruction to the competent person, as follows; 

1. detailed guidance for properly applying pesticides, and 
2. Provisions for contacting the certified applicator in the event they are needed. 

In situations or state restrictions on use require it, physical presence of a certified applicator 
shall be required when application is made by a non-certified applicator. 

VIII. Acquisition of Fungicides, Herbicides, Insecticides, Pesticides and Rodenticides at Amherst 
College 

In accordance with past practice, our pesticide management plan and the guidelines set forth 
by the Physical Plant Environmental Health & Safety Committee, the purchase of bulk or 
large quantity pesticides, including bug, hornet and wasp sprays shall be done through the 
Physical Plant Custodial Supply Department, located in Seelye Mudd. 

As required, only those individuals who hold a certification for commercial application or 
those non-certified applicators operating under the direction of a certified applicator will be 
allowed to obtain fungicides, herbicides, insecticides, pesticides and rodenticides. 

Amherst College, for reasons of health and safety, as well as liability shall require that only 
properly trained and certified employees of the college handle these materials. The 
certification specified above must be sub-category specific for the type of pest to be treated 
(i.e. Agricultural, Aquatic, Forest Ornamental, Right-of Way, Seed and Turf). 

IX. Storage Facilities 

Areas and buildings utilized for the storage and I or mixing of pesticides shall be located 
such that accidental discharges, leaks, ruptures and spills will not adversely affect water (i.e. 
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drinking, ground or surface). In accordance with federal and state regulatory requirements, 
pesticide storage shall be located ... 

1. at least 400' away from a private or public drinking water supply 
2. at least 200' away from surface water - a greater distance is required in areas of sandy 

soil or fractured bedrock 

Pesticide storage areas should be located ... 

1. away from direct sunlight 
2. in an area that does not a temperature range that is less than 40 deg.F and greater than 

100 degrees Fahrenheit. 
3. inside a building so as to protect it from temperature exposures, water, the possibility 

of cross contamination 
and unauthorized access and use. 

Pesticides shall be stored ... 

1. Compatibly: 

• fungicides, herbicides, insecticides, and rodenticides must be physically 
separated by at least 1 0' in accordance with state and federal regulatory 
requirements. 

2. in the original container with appropriate label and hazard type, or 
3. in a container specifically designed for the material it is to contain, provided the exact 

(full name) of the pesticide is identified on the label along with the appropriate hazard 
(i.e. corrosive, ignitable, reactive, toxic). 

4. off the ground to prevent water infiltration and cross-contamination 
5. away from fertilizers, food, potable water supplies, seeds, emergency response 

equipment and personal protective equipment 
6. out of direct sunlight and elevated temperatures 
7. for not longer than two (2) years 
8. in cabinets, in storage containers or placed upon impermeable shelves (painted wood 

or steel) 
9. in adequate secondary containment in cases of discharge, leak, rupture or spill 

10. in areas or buildings that are clearly identified as being used for the storage and 
mixing of pesticides. 

• signage shall appear on the exterior side of the main entrance door or on 
the garage doors so as to properly warn incoming emergency response 
agencies. 

• an Amherst College Safety Information Card shall be used for this 
purpose and to provide information about the materials within and the 
personnel responsible for their quantity and placement. 

• an NFiP A 704 diamond shall appear on the doors to warn incoming 
emergency response personnel as outlined above. 

The Pesticide Storage Area shall also be equipped with: 
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1. An Emergency Action Plan. The plan must be made available to all emergency 
response personnel, before an incident takes place. The plan must include; 

• Facility Layout 
• Fuel Storage Tank Locations 
• Fire Hydrant and Extinguisher Locations 
• Sanitary and Storm Sewer Locations 
• Any nearby wetlands, ponds, rivers and streams 
• Location of Emergency Equipment and Supplies 
• First Aid Kit and Emergency Shower I Eyewash Locations 
• What to do if the Pesticide Storage Facility is involved in flame 

2. at least one (1) 10 lb. ABC Fire Extinguisher located outside the area used for the 
mixing or storage of pesticides. 

3. Material Safety Data Sheets (MSDS) for the chemicals located at each site 
4. A list of all pesticides in storage. The list should include ... 

• the most significant quantities of material that will be on hand at any 
given time. 

• location of all pesticides and maps to better identify site 
• shall be identified in full names (no abbreviations are permitted) with 

type of hazard on the container 

5. an Amherst College Safety Information Card that is placed upon the doors to the 
pesticide storage and mixing area for hazard identification and for the purpose of 
notifying the persons responsible for, or most knowledgeable of the area and storage. 

6. Other appropriate signage (i.e. NFiP A 704 diamond and No Smoking) shall also be 
included. 

X. Mixing Facilities 

It is the policy of Amherst College Physical Plant to limit the quantity, storage and disposal 
of pesticides on the campus. Pesticides are most often purchased on an as needed basis. 

1. Pesticides used in amounts greater than that of incidental use are ordered and then 
applied at the time of delivery. 

2. Unwanted, outdated or inherently "waste like" materials are disposed of as soon as 
they are discovered 

3. Contact Rick Mears at 8189 for proper disposal requirements. 

Mixing of pesticides and other associated chemicals must be performed under the direction 
of an Amherst College employee with a current Commercial Applicators" certification. The 
mixing facilities shall have the following for health and safety reasons; 

1. appropriate, fitted personal protective equipment (PPE), including eye protection 
2. adequate ventilation in the storage I mixing area to reduce adverse chemical exposure 

to the pesticides 
3. an accurate calculation of the pesticides, before mixing them into a solution for 

proper application. 
4. adequate lighting sufficient to perform associated work 
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5. a water spray capability for mixing (when necessary) that is protected by the required 
backflow prevention device - hoses used for the above purposes must be removed 
from the sink to prevent accidental cross-contamination of the water supply to the 
building 

XI. Restricted Use Pesticides 

Amherst College has one (1) restricted use pesticide on campus. The material is a fungicide 
that is applied by a commercially certified applicator, or a non-certified person working 
under the direction of a commercially certified applicator. Other pesticides utilized by the 
college include, but are not limited to; 

1. Tupersan 
2. Sitron 
3. Pesticides containing Chlorothalonil 

XII. Pesticide Treated Areas 

Areas that have been treated with pesticides shall (when applicable) be posted. The signage 
will indicate "Pesticide Application"- "Keep offthe Grass." Also, any drains in the 
immediate area of pesticide applications shall be covered (i.e. Rubber matted) or otherwise 
protected to prevent accidental spillage into the environment. 

XIII. Training 

All Amherst College employees who do or wish to handle, use and dispose of pesticides on 
campus must receive training provided by a certified trainer. The trainer must have 
completed a pesticide safety train-the-trainer program that has been approved by the state 
DEP or Federal EPA. The training must have been given orally or by using audio-visual 
means, but there must be a presenter on site to answer any questions. The training must 
include; 

1. Reading Pesticide Labels 
2. Knowing the adverse health effects of the materials being used 
3. Routes on how the pesticides enter the body 
4. Signs and symptoms of Pesticide poisoning 
5. Emergency First Aid procedures 
6. How to obtain emergency medical care 
7. Use of Personal Protective Equipment (PPE) 
8. Safety Requirements for handling, storing, using and disposing of pesticides 
9. Environmental concerns 

10. Warnings about improper use of pesticides and pesticide containers 

Trainees must be at least 18 years of age. Employees looking for certification as a 
"Commercial Applicator" must have a minimum of two (2) years relevant experience, hands 
on or academic. The Department of Public Safety will conduct written examinations, and, 
when appropriate performance testing to determine applicator competence in the use and 
handling of pesticides. Both the practical and written portion of the examination will have 
to be successfully completed before the department will grant certification. 
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XIV. Certification or License Renewal 

Forms for renewal or re-certification will be mailed to "Commercial Applicators" at least 30 
days prior to the due date. Certifications and licenses may be renewed annually for up to 
three (3) years without re-examinations or retraining provided; 

1. conditions of the license have not changed and that the certification did not lapse 
2. the Department of Environmental Protection has not introduced or required additional 

training or examinations for any new pesticide use, handling or disposal procedure, 
the introduction of newly restricted materials which have new and greater 
precautionary requirements in their labeling under the direction of the federal EPA. 

3. The Department of Environmental Protection has not required rectification, 
relicensing or additional instruction for the protection of human health and the 
environment. 

c. Retraining requirements for all "Certified Applicators" must at the end of a three (3) year 
period be recertified either by; 

1. Re-examination, or 
2. Attendance, within the three (3) year period, at training programs approved by the 

Department of Environmental Protection, to; · 

• Ensure that they continue to meet the requirements of changing 
technology covering uses for which they are certified. 

• Ensure that they maintain a continuing level of competence and ability to 
use pesticides safely and properly, and 

• Ensure that they are familiar with changes in local, state and federal 
regulations. 

3. Contact hours, which are needed for rectification, must be obtained every three (3) 
years prior to expiration of certification. The number of contact hours for each type of 
certification is as follows; 

• Commercial Certification 12 hours per category 
• Private Certification 12 hours per category 
• Commercial Applicator License 6 hours 
• Each contact hour is equal to 50 minutes of training 

4. Subjects that are required to be covered as part of the continuing education plan must 
include those that are identified in 333 CMR 10.08 (h). 

XV. Insurance Requirements 

Amherst College is required by the Department of Environmental Protection to submit an 
applicants application an attestation by an insurance broker certifying that the insurance 
policy coverage in force and issued on behalf of the College meets or exceeds that standards 
set forth in 333 CMR 1 0.13, Financial Responsibility. All insurance information kept by the 
College shall be made available, upon request, to any local, state or federal inspector that 
may request such information. 
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The Physical Plant Purchasing Agent and the Office ofthe Facilities Management and 
Planning shall have copies of the insurance information. 

XVI. Recordkeeping Requirements 

All Amherst College certified "Commercial Applicators" are required to keep true and 
accurate operational records containing at least the following information; 

1. Places of Application 
2. Dates of Application 
3. Brand or registered name of pesticide 
4. The EPA registration number ofthe pesticide 
5. The amount of pesticide applied 
6. The purpose for which the pesticide was applied 
7. Method of Application 
8. A list of the certified or licensed employees recognized by the Department of 

Environmental Protection 
9. Accidents or incidents involving pesticide use 

10. The amount ofliability insurance carried and the name ofthe insurer 
11. Any licenses or injuries caused by or suspected to have been caused by pesticides and 

reported to the applicator. 

Amherst College has decided, through the Department of Athletics and Grounds to maintain 
all applicable records including medical records, indefinitely. The annual reports and 
records may be requested and turned over to the Department of Environmental Protection. 
Annual submittal of all records is outlined in 333 CMR 10.14. 

The Department of Environmental Protection shall require Amherst College to immediately 
report in not more than 48 hours any significant accidents, incidents, injuries or illnesses 
that may have been caused by the pesticides, as outlined in 333 CMR 10.14. 

XVII. Leaks, Spills and Ruptures 

Should Amherst College have a discharge, leak, rupture or spill involving a pesticide, the 
primary responsibility of the person who discovers said incident shall immediately: 

1. notify the Amherst College Campus Police at 2111 
I 

• the dispatcher should first dispatch a police officer reminding the officer 
that this is a known or potential hazardous materials incident. 

• The dispatcher should then (by caller or 1st arriving officer) determine if 
persons on the scene are either ill or injured. If so, Contact: 

• Amherst Fire Department 
• Request an ambulance 

2. after the fire department has been notified for either ambulance or fire, the dispatcher 
should then call, page or radio the office of Environmental Health & Safety for 
hazard mitigation. 

XVIII. Fire 
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Amherst College has taken the position that a fire in a pesticide storage facility that has 
already become fully involved shall be sacrificed in its entirety - smoke and flame have less 
of a negative environmental impact than does contamination of the ground water. 
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PRIMARY USE: Minimize bank erosion. 
ADDITIONAL USES: Improve water quality, keep w"'""'" 
the establishment of ·· · · · · 

.·· ·. 

What is it? A riparian forest buffer is an area of trees and/or 
water bodies and water courses. The location,-layout, width;}. ~~}~~br:,~~~,.'!S~~t~:~*~~~-i!~~~r~}i~ 
accomplish a specific purpose and function. 

Purpose 
Riparian forest buffers are used to: 
1) Create shade to lower water temperatures to improve habitat for fish and other aquatic 

organisms, 
2) Provide a source of detritus and large woody debris for fish and other aquatic organisms. 
3) Provide wildlife corridors. 

· 4) Reduce excess amounts of sediment, organic material, nutrients, and pesticides and other 
pollutants in surface runoff and reduce excess nutrients and other chemicals in shallow 
ground water flow. 

Zones in Riparian Forest Buffer 
Section View 

Mean low 
water level 

Aquatic plant zone ~Hardwood zone 

Not all sites will support vegetation because of toxic soil conditions or insufficient soil mois­
LimitatiOnS ture. Erosion must be controlled up-gradient from the corridor before vegetation can be 

successfully established. 

Materials 

Installation 

Locally native plant species are required. Plantings ordinarily consist of two or more spe­
cies with individual plants suited to the seasonal variation of soil moisture in individual 
planting sites. Shade tolerance and compatibility in growth rates must also be considered 
when planting several species. 

Create a zone to provide detritus and shade that begins at the normal waterline and ex­
tends at least 15ft (4.6 m). Beginning at the upper edge of the hardwood zone, create a zone 
20ft (6 m) wide or more which serves to reduce excess am.ounts of sediment, nutrients, and 
other pollutants entering the water. To provide an adequate supply of large woody debris, 
the mature height of the dominant species should be the minimum width of the zone, usu­
ally around 75 to 150ft (23 to 46 m). Confirm this width figure with local species. The 
suggested minimum width to provide habitat for wildlife is 100 to 200 ft (30 to 60 m). 



Additional Drawings: 

Riparian Forest Buffer 
Perspective View 

Note: Streamside vegetation to lower water temperatures, 
provide a source of detritus and large woody debris, 
improve habitat, and reduce sediment, organic material, 
nutrients, pesticides, and other pollutants migrating to the 
stream. 



What)~ ittJJently sloping areas of natl!l:.al ve~~et~Ltipn 
· ii:mlti-at1oli;:reh:tove sediments and otherv. ·, vu'"'""'..u, 

Purpo~e 

To improve water quality by filtering runoff to remove sediment and associated inso~uble 
contaminants, to allow increased infiltration opportunity time for soluble nutrients or 
pesticides to drain into the soil, to provide shade to watercourses to help maintain tempera­
ture norms of the water thereby protecting or providing habitat for aquatic life, and to pro­
vide sound barrier to or from outside areas (roads, factories, parks). 

Top elevation of strip 
on same contour, 
directly abutting 
stone trench 

Filter Strips 
Perspective View 

Stone trench acts as 
a level spreader 

Grass filter 
strip 

Berm placed perpendicular to 
strip to prevent concentrated flows 

Wooded filter 
strip 

Grass filter strip 
3% slope or less 

They are appropriate for predominantly sheet flow runoff. Soils should be reasonably well 
Limitations drained. Bedrock and the water table should be below the surface. Slopes should be less 

than 15 % to get filtering. Not appropriate for hilly or highly paved areas because of high 
velocity runoff. 

Materials Natural system using plants. Some earthwork may be required. 

Filter strip must be at least 15ft (4.5 m) wide to provide significant inflltration. The NRCS 
Installation recommends significantly gr~ater widths to enhance treatment. Forested strips are 

preferred to vegetated strips and existing vegetation is preferred to planted vegetation. 
· Regular inspections are necessary. Sediment removal and replanting may be required. 



Additional Considerations: 
Filter strips should be used in conjunction with all land disturbance activities adjacent to a perennial stream 
or permanent water body (double these distances for disturbed areas in municipal water supply watersheds). 

Recommended Buffer Zone Width 

Erosioo Hazard 
30 percent slop~ 40 percent slope 50 perce-nt $klpe of SoH 

Slight 
160 feet 
48 meters 

Modera1a 
170 feet 200fee1 
52-meters 62 meters 

Severe 
170 feet 210 feet 250 feet 
52 meters 65 me-ta:rs 77meters 

Planning Considerations 
Filter strips will vary depending upon location and application. Separate criteria should be used for various 
forms of land disturbing activities: 1) activities adjacent to a perennial stream or permanent water body, 
2) silvicultural operations, 3)construction or other land disturbing activities, 4) agricultural activities. 

Design Criteria , 
1. General: Runoff from the disturbed areas should not be channeled into the filter strip but rather be 

allowed to spread out over the entire length. For concentrated flows, a level spreader may be required 
to allow for the proper functioning of the filter strip. Where a natural buffer zone is not available, or the 
required zone width is not attainable, provide flow barriers (diversions, sediment traps, vegetative 
planting, silt fences, etc.) as needed. 

2. Activities Adjacent to a Perennial Stream or Permanent Water Body: This represents the most strin­
gent requirement that applies to filter strips. The NRCS recommends that a 150ft (45 m) buffer zone 
be left between the land disturbance activity and a water body. The zone width may be greater than 
150 ft (45 m) depending upon the soil type and slope. of adjacent land. The table (above) provides 
guidance for values greater than the minimum . 

. 3. Construction or Other Land DistUrbing Activities: For areas not adjacent to a permanent water body, a 
filter strip of 15ft (4.5 m) will be maintained on the perimeter of the construction site. This buffer zone 
will: a) reduce runoff velocities, b) filter sediment from runoff, c) act as a screen for "vision pollution," 
d) reduce construction and adjacent noise levels, e) reduce dust problems, and f) improve aesthetics of 
the area. 

4. The filter strip may be crossed by construction entrances, utilities construction, etc., but where 
natural vegetation is removed for these purposes, artificial buffer zone measures should be in­
stalled (e.g., construction entrance BMP, silt fence, diversion, etc.). These buffer zones should be 
incorporated into the design of the final post-construction landscape providing a permanent green 
strip on the perimeter of the completed project. · 

Maintenance- Filter strips tend to be low maintenance pracices, but maintenance will increase as the vol· 
ume of sediment and organic material increases. Where filter strips are utilized for construction activities, 
consideration should be given to appearance, ease of maintenance, appropriate species of vegetation, etc. The 
natUral buffer zone may be reworked and replanted as part of the final landscape activities of a construction 
contract. Any use of chemicals adjacent to the filter strip must be applied in such a manner so as not to ad­
versely affect the benefits ofthe filter strip. 



PRIMARY USE: Reduce storm runoff. 
ADDITIONAL USES: Reduce pollutant load in runoff. 

What is it? A pavement surface which allows rainfall to infiltrate through it. It may consist of materials 
having regularly interspersed void areas which are filled with pervious materials or it may have the appear­
ance of conventional pavement but be formulated to have greater porosity. 

To reduce water pollution from low volume traffic areas by providing a bearing surface to 
f' ur p 0 s c accommodate vehicles while allowing infiltration of surface water and filtration of pollut­

ants. 

Concrete Grid, Modular, 
and Porous Pavement 

Perspective View 

Limitations Do not use where infiltration of pollutants can reach groundwater. Not suitable for high 
volume traffic areas. Underlying soil should allow for rapid drainage. 

lVIaterials 

Installation 

Poured in place concrete slabs; pre-cast concrete grids; Pavers (brick, stone, clay) of various 
configurations; asphalt. 

A firm sub-base is necessary. If the water table is high at the site, sub-surface drainage 
system may be necessary to remove excess water and maintain a firm foundation. A 
3 to 6 in (76 to 152 mm) layer of compacted sand below the pavement is advisable. The 
system should be able to receive and infiltrate a 1.0 in (25 mm) rainfall with little or no 
runoff. 

Source: NRCS Planning and Design Manual, NRCS. 



Additional Drawings: 

2.5 in (64 mm) 

1.5 in (38 mm) 

Porous Pavement 
Section View 

Supplemental Information 

3/8-1/2 in (10-13 mm) 
well graded aggregate 

----Stone 
3/4-2 1/2 in (19-64 mm) 
well graded aggregate 

Source: NRCS Planning and Design Manual, NRCS. 



Purpose To detain sediment laden runoff from disturbed areas long enough for the majority of the 
sediment to settle out. · 

........ .. ;. . .. 
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Limitations 

Materials 

Installation 

.. 

• 
Sediment Basin. under Construction 

Perspective View 

Should not be constructed on live streams or where failure can endanger safety or property. 
There must be adequate space and topography for the basin to be constructed and for it to 
function properly. The useful life of a sediment basin is usually 18 months. Sediment basins 
remove only 70-80 percent of influent sediment and so should be used in conjunction with 
other erosion control BMP's. Maximum drainage area into basin is 25 acres (10 ha). 

Earth, riprap, risers, collars, seed for stabilization of disturbed soil. 

Locate the basin to intercept the largest amount ofrunofffrom the disturbed area. The best 
locations are generally low areas and natural drainways below the disturbed area. Drain­
age into the basin can be improved by use of diversion dikes and ditches. Basins should be 
located to catch sediment before it enters a live stream. Unless the structure is designed as 
a permanent pond by a qualified professional engineer, the maximum drainage area into 
the basin should be 25 acres (10 ha). 



Supplemental Information 

Additional Considerations: 

The design capacity should be at least 67 cubic yards I acre (130 cu mJ hectare) of drainage area (measured from 
·bottom of basin to crest of spillway or riser). Capacity can be estimated: C = 0.4 x height x surface area. 

1. Sediment should be removed when capacity has been reduced to 27 cubic yards I acre (52 cu mJ hectare) of 
drainage area. Sediment should never be allowed to accumulate to within 12 in (305 mm) of the crest of the 
spillway or riser. Mark the clean out depth clearly on the riser or at some other conspicuous location. 

2. The effective flow length of the basin should be at least twice the width. 

3. Embankment Minimum width: 8ft (2.5 m); bank slope: 2:1 or flatter; maximum height: 10ft (3m) if the 
slope is 2:1, 15 ft (4.5 m) if 2.5:1 or flatter. 

4. The outlet(s) must pass peak runoff from a 10 year storm without damage to the embankments. Runoff 
computations should be based on the soil cover conditions expected to prevail during the life of the basin. 

5. Spillways should be designed to maintain a permanent pool of water between storm events. 

6. The principal spillway should consist of a vertical pipe or box joined by a watertight connection to a horizon­
tal pipe (barrel) extending through the embankment and outletting beyond the downstream toe of the fill. If 
the principal spillway is used in conjunction with an emergency spillway, the principal spillway should have a 
minimum capacity of 0.2 cfs per acre (14liter/sec per hectare) of drainage area when the water surface is at the 
crest of the emergency spillway. If no emergency spillway is used, the principal spillway must be designed to 
pass the entire peak flow expected from a 10 year storm. If the principal spillway is used in conjunction with an 
emergency spillway, the crest of the principal spillway shall be a minimum of 12 in (305 mm) below the crest of 
the emergency spillway. If no emergency spillway is used, the crest of the principal spillway shall be a mini· 
mum of 36 in (915 mm) below the ~p of the embankment. In either case, a minimum freeboard of 12 in 
(305 mm) shall be provided between the desl.gn high water and the top of the embankment. An anti-vortex 
device and trash rack shall be attached to the top of the principal spillway to improve the flow of water into the 
spillway and prevent floating debris from being carried out of the basin. 

7. Dewatering should be done to remove the relatively clean water without removing any of the sediment that 
has settled out and without removing any appreciable quantities of floating debris. As a minimum, provisions 
shall be made to dewater the basin down to the sediment cleanout elevation. This can be accomplished by 
providing a hole at the maximum sediment retention elevation. Perforated pipe may also be used. 

8. The base of the principal spillway must be firmly anchored to prevent .floating. If the riser of the spillway is 
greater than 10 ft (3 m) in height, computations must be made to determine anchoring requirements. A mini­
mum safety factor of 1.25 should be used. For risers 10ft (3 m) or less in height, the anchoring may be done in 
one of the two following ways: 1. a concrete base 18 in (457 mm) thick and twice the width of riser diameter 
should be used and the riser embedded 6 in (152 mm) into the concrete; or 2. a square steel plate a minimum of 
114 in (6 mm) thick and having a width equal to twice the diameter of the riser, shall be welded to the base of the 
riser. The plate shall then be covered with 2.5 ft (0. 75 m) of stone, gravel or compacted soil to prevent floatation. 



J 

Additional Considerations continued: 

9. The barrel of the principal spillway, which extends through the embankment, should be designed to carry the 
flow provided by the riser of the principal spillway with the water level at the crest of the emergency spillway. 
The connection between the riser and the barrel must be watertight. The outlet of the barrel must be protected 

· to prevent erosion or scour downstream. Anti-seep collars should be used on the barrel of the principal spillway 
within the normal saturation zone of the embankment to increase the seepage length by at least 10 percent, if 
either of the following two conditions is met: 1. the settled height of the embankment exceeds 10ft (3 m); or 2. 
the embankment has a low silt- clay content (Unified Soil Classes SM or GM) and the barrel is greater than 
10 in (25 mm) in diameter. 

10. The anti-seep collars shall be installed within the saturated zone. The maximum spacing between collars 
should be 14 times the projection of the collar above the barrel. Collars shall not be closer than 2ft (610 mm) to 
a pipe joint. Collars should be placed sufficiently far apart to allow space for hauling and compacting equip­
ment. Connections.between the collars and the barrel shall be watertight. 

11. The emergency spillway shall consist of an open channel constructed adjacent to the embankment over 
unqisturbed material. The spillway shall have a control section at least 20ft {6 m) in length. The control 
section is a level portion of the spillway channel at the highest elevation in the channel. 

12. The emergency spillway shall be designed to carry the peak rate of runoff expected from a 10 year storm, 
less any reduction due to the flow through the principal spillway. The design high water through the emer­
gency spillway shall be at least 1 ft (305 mm) below the top of the embankment. The crest of the emergency 
spillway channel shall be at least 1 ft (305 mm) above the crest of the principal spillway. 

13. The emergency spillway channel shall be located so that it will not be constructed over fill material. The 
channel shall be located so as to avoid sharp turns or bends. The channel shall return the flow of water to a 
defined channel downstream from the embankment. 

Dewatering 
riser Pond embankment 

Sediment particles 
settre due to gravity Concrete base 

Sediment Basin - designed to be converted to 
permanent stormwater detention/ retention 

Section View 

Crest of emergency 
spillway 

A .. 

Antiseep collar 



PRIMARY USE: To provide improved surface drainage at relatively low cost. 
ADDITIONAL USES: To minimize water pondage; provide gradients for removing runoff; eliminate sources 
for mosquito production. 

What is it? This system consists of narrow width plow lands with equally spaced dead furrows running per­
pendicular to the prevailing land slope. The area between two adjacent dead furrows is known as a bed. The 
beds may be of different shapes. Each bed is cultivated separately either parallel or perpendicular to the dead 
furrows. A collection ditch must be provided to collect the water from the dead furrows and channel it to some 
outlet ditch. 

To provide improved surface drainage at relatively low cost by establishing adjoining paral­
lel beds or land running in the direction of the available natural slope. This is accomplished 
by moving soil toward the center of beds to form a series of ridges and dead furrows (trou.ghs) 
that will minimize water pondage, provide gradients for removing ru.noff, permit efficient 
operation of tillage and harvesting equipment, or eliminate the sources for mosquito pro­
duction. 

Dead furrows 
Bedding 

Perspective View 

This practice applies to poorly drained areas of flat to nearly flat land usually_having slowly 
Limitations permeable soils. It is generally applicable where land use does not warrant more intensive 

drainage. Soils must be of sufficient depth to provide a satisfactory root zone after bedding. 

lVIaterials 

Installation 

This is an earthen structure. 

Bedding shall run in the direction of the available land slope so that drainage can be pro­
vided without causing harmful erosion. Bedding is usually established without detailed 
engineering surveys. Beds shall be shaped and cross-row ditches provided where required 
to provide free movement of water from the crown to the dead furrow. Crowns shall provide 
a cross slope of not less than 0.3 percent. Crown height, width, and maximum length of beds 
shall be determined on the basis of site conditions. Parallel channels may be shallow and 
side slopes steep or flat, based on the depth of the soil, crops grown, and local construction 
and maintenance methods. Parallel channels shall be graded toward an outlet. An outlet, 
natural or constructed, must have sufficient capacity and depth to provide for removal of 
water from the parallel channels. 

Source: NRCS Standard Practice 310 



PRIMARY USE: Reduction of solid waste and organic matter in storm water runoff. 
ADDITIONAL USES: Maintenance of effectiveness of existing structures. 

What is it? A non-structural practice to reduce pollutant content in stormwater. 

u.j"l "·'''O···•coo lL ~.1...1 .t""7u~!{:. 

Limitations 

1\'laterials 

Installation 

Stormwater control and conveyance structures require frequent debris removal to main:tain 
proper function. Litter and yard wastes can clog channel inlets, catch basins, and outlets, 
lead to overflows, erosion and unintended flooding, and make these devices ineffective in 
stormwater pollutant removal. 

Removing Debris at a Catch Basin 
Section View 

Small particles removal depends on grate size and/or nature of the particle. 

ThiS iS a non-structural practice. 

Grates on inlets and outlets must prevent entry by children but should be easily cleaned by 
maintenance crews. Municipal facilities maintenance programs and commercial, and in­
dustrial stormwater permittees should be required to regularly clean inlets, catch basins, 
clean-out access points, and outlets. Forebays can be installed where feasible prior to entry 
into ponds. Forebays are very useful in promoting proper maintenance and cleaning. They 
are easily cleaned and separate much of the sediment, associated pollutants, and trash and 
floatables from the main pond. Paving portions of the forebay allows easy access for mainte­
nance equipment. Hard bottoms can also be made permeable through the use of turf blocks 
or flexible revetment. 

Source: Watershed Science Institute. 



PRIMARY USE: Reduction of pollutants of all kinds. 
ADDITIONAL USES: 

'-----1 
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What is it? A non-structural practice to reduce pollutants in all systems. 

Education programs can be considered a nonstructural BMP that should be implemented 
for everyone. Too much pollution enters streams, rivers and lakes through carelessness or 
ignorance. Many people will adopt riew methods or use alternative materials if they are 
simply informed of techniques that can reduce the impacts on receiving waters . 

• • 
• 

~-----" 

Conduct Regular Information Sharing Sessions 
Perspective View 

... 

Limitations This practice seeks voluntary compliance, which may not always be forthcoming. 

Materials 

Installation 

This is a non-structural practice. 

Industry employees can learn to properly handle and store materials and dispose of indus­
trial wastes through in-house training courses, videotape presentations and interactive semi­
nars. Local libraries and government agencies, such as the Cooperative Extension Service 
and the Industrial Extension Service often have educational materials to use in training. 
Local governments can sponsor public presentations, school programs and mailings aimed 
at children and adults. Citizens should learn proper disposal of litter, yard waste, used 
motor oil, and other household wastes. Industries, municipalities and homeowners can also 
learn how to use fertilizer and pesticides correctly to maintain their lawns and gardens 
without polluting the water. Residents can tap the same educational resources as munici­
palities: libraries, local Cooperative Extension offices, community colleges, etc. Citizen's 
groups can sponsor programs to teach the public ways to protect our water. 

Source: Watershed Science Institute. 



PRIMARY USE: Reduction of pollutants of all kinds in storm water runoff. 
ADDITIONAL USES: Improved appearance. 

What is it? Anon-structural practice to reduce pollutants in stormwater runoff. 

~· 

Lhnitations 

Materials 

Installation 

Street cleaning can reduce pollutants in runoff if it is performed regularly. Another benefit 
of street cleaning is that pipes and outlets in detention structures and ponds are less likely 
to become clogged. 

,. 
Parking Lot and Street Cleaning Sweeper 

Side View 

Sweepers that use only brushes (wet or dry) tend to crush or pulverize larger-sized par­
ticles, creating fme particulate material. This material is not collected by the sweeper and is 
much more likely to be suspended in the stormwater and carried through the drainage 
system and eventually to the outfall. Larger-sized particles (sand and gravel-sized) will 
either be picked up by the sweeper or collected in the catch basin sump; these particles can 
be removed periodically. Disposal of street sweeping wastes may pose a problem because of 
possible high levels of lead, copper, zinc and other wastes from automobile traffic. 

Power street sweepers using dry or wet broom action and I or vacuum pickup. 

New street sweeping machines pick up much fmer materials than older models, a feature 
designed to help reduce the transport of sediment-bound pollutants. Testing of street sweep­
ings may be appropriate to determine appropriate disposal or reuse alternatives. Some 
municipalities and industries have found that street sweepings can be used as cover in 
sanitary landfills. Industries could be required to regularly sweep access roads, parking 
lots, truck aprons and loading dock areas. Homeowners should be educated not to use streets 
and curbs as disposal areas. Yard wastes and grass clippings can be disposed of in compost 

. piles and the compost used around shrubs and in flower beds. Sweepers with high-powered 
vacuum systems have been found to be significantly more effective in collecting surface 
sediment and dirt while reducing the amount of fme particulate released. In general, all 
sweepers are ineffective in removing oil that has been spilled or dripped on the surface_ 

Source: NCSU Urban Storm water. 



PRIMARY USE: Reduction of pollutants of all kinds in storm water runoff. 
ADDITIONAL USES: 

What is it? A non-structural practice to reduce pollutants in storm water runoff. 

Significant stormwater pollution can be avoided ~Y removing potential pollutants from 
p u l' p 0 § e the watershed, using alternative chemicals, using alternative practices, recycling or re­

ducing the use of polluting chemicals and other materials . 

Limitations 

Materials 

Installation 

• 

Community Recycling 
Perspective View 

• 

Success depends on educating citizens. Participation is voluntary. 

This is a non-structural practice. 

Good examples of pollutant minimization include: . 
Colh~ctionlrecycling at community hazardous waste and waste oil recycling centers -
these activities remove some of the most polluting substances from places where the 
substances can enter stormwater runoff; Separation- connecting the drains from ve­
hicle washing areas to the municipal storm sewer or sanitary sewer system to prevent 
discharge of the wash water into a nearby stream, if permitted by the local government; 
Substitution- using non-toxic or non-hazardous materials in place of hazardous materi­
als, such as water-based degreasers and water-based inks to reduce the amount of sol­
vents and chemicals that enter the environment. 

Source: NCSU Urban Stormwater. 
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Conservation Where You Live 

The Natural Resources Conservation Service (NRCS) and the Forest Service co-sponsor a demonstration project" at the Forest 
Products Laboratory in Madison, Wisconsin. The two agencies are working together to help homeowners practice 
"conservation where you live," by letting them know about a variety of resource-friendly ways to build and landscape their 
homes. 

Conserving While Landscaping 

Using the right landscaping methods is one way to practice conservation where you live. If you think about the environment 

while you are planning new landscaping or improving existing landscaping, you are practicing conservation where you live. 

The...yard around-the Madison house is a demonstration project -- one that shows homeowners how to landscape their yards 
in an environmentally friendly way. Some of the landscaping techniques used around the demonstration house are: 

• Planting trees to reduce heating and cooling costs, help clean the air, add beauty and color, provide shelter from the 
wind and the sun, and add value to the home. 

• Reducing the amount of water used for irrigation by growing xerophytic species (plants that are adapted to dry 
conditions), mulching, and adding water-retaining organic matter to the soil. 

• Planting shrubs and other plants that will provide shelter and food for wildlife, such as birds, butterflies, beneficial 
insects, and small animals. 

These techniques are part of the Backyard Conservation project, a national effort led by NRCS. Plantings from the NRCS Plant 
Materials Program are used to address resource needs, such as erosion control, water conservation and wildlife food plants. 

J Conserving While Landscaping 

l 

Using the right building methods is another good way to practice conserv"ation where you live. Whether you are building or 
remodeling, consider some of the new ways to keep costs down, conserve our Nation's wood supply, and still capture the 
beauty and durability of wood. The same techniques and conservation tips displayed at the Madison house are on the Forest 
Products Laboratory's web site. 

.. lp://www.nrcs.usda.gov/feature/conservationwhere.html 6/16/2003 
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Working with Wet Spots 

Wet spots in a yard can be frustrating. Not only can they be difficult to mow during certain periods 
of the year, but many commonly recommended landscape plants do not survive the extended 

periods of saturated soils. Vegetable gardens also may be difficult to establish early in the season 
due to wet conditions. 

Here are some ideas for dealing with wet soils in your yard. 

1. Grow plants that are tolerant of wet conditions. There are many native plants that are beautiful and beneficial to wildlife 
that will tolerate wet conditions at least for a portion of the growing season. Check with a local nursery for plants best 
adapted to your area. 

The following are examples of plants found in many parts of the United States that do well in wet locations and are attractive 
to wildlife. 

Shrubs and vines 

• Red osier dogwood has bright red twigs that add interest in the winter. The berries provide food for birds and the 
twigs are a source of food for many mammal species including rabbits. 

• Winterberry is a native holly. The red berries remain into the winter and offer food for birds. 

• Elderberry grows to 12 feet and both flowers and berries are showy. The edible purple-black berries are produced in 
late summer and are attractive to over 100 bird species as well as mammals. Some people make jelly, syrup, and 

wine from elderberry. 

• Buttonbush can be used for naturalizing a wet location. 

• Trumpetvine is a vigorous vine with red-orange flowers that are very attractive to hummingbirds. 

· Perennial flowers 

• Cardinal flower is a bright red plant that is attractive to hummingbirds. 

• Goldenrod blooms in the late summer and is attractive to butterflies. However, many people are allergic to this plant. 

• Swamp milkweed, which grows 4 to 5 feet tall 1 has pink blossoms that are attractive to butterflies. 

• Joe-pye weed grows to 6 feet and blooms in late summer. 

2. The use of raised beds may be the best alternative for dealing with wet soils if you want to grow vegetables. Raised beds 

can be built from rot-resistant wood, brick, stone, or plastic materials. Beds that are 6 to 8 inches high and filled with well­

drained topsoil work well for vegetables and flowers. Paths between the raised beds can be covered with wood chips or other 

mulch to allow mud-free access, even in wet weather. 

3. Another alternative for growing vegetables and annuals is to grow them in containers. While the amount that can be 
grown is limited/ container gardening works well for tomatoes, peppers, cucumbers, herbs, salad greens, and many flower:ing 

annuals. Chose vegetable varieties that have been specifically bred for container growing. Container gardening also brings 

birds and butterflies right to your doorstep. Hanging baskets of fuchsia or pots of snapdragons frequently are visited by 
hummingbirds, allowing for up-close observation. 

For more information on wildlife habitat and other Backyard Conservation practices, contact your local conservation district or 

http:/ /www.nrcs.usda. gov/feature/backyard/wetspot.html 6/16/2003 
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Groundcovers for Steep Slopes 

Steep slopes present both challenges and wonderful opportunities for landscap~ng. Steep banks can 
be difficult and dangerous to mow. Erosion can be a serious problem if vegetation is not established. 
South facing slopes may warm up and dry out quicker than other areas, while north facing slopes 
may be cooler than surrounding areas. So, what are your options if you have a steep incline in your 
yard that presents maintenance problems? 

First, determine the existing conditions. Which direction does the bank face? Is it shady or sunny? Then, dedde if you want a 
formal, manicured look or a more natural look. 

If you prefer a well-maintained look, plant low growing groundcovers other than grass. Numerous plants are available that 
will blanket the ground, protecting it from erosion and remaining neat throughout the year with little or no maintenance. Low 
growing spedes of juniper (prostrate juniper) will do well in many sunny, drier locations. They spread rapidly and vary in 
texture and color from blues to greens. In shady spots, the non-native pachysandra often does well. This plant remains green 
throughout the winter and spreads easily. Wintercreeper is another non-native but hardy plant that grows in sun and partial 
shade. Varieties are available that have white or gold variegated leaves. Yet another possibility is periwinkle-actually a Vinca 
species-known for its blue or white flowers. Check with a local nursery for species that are best suited for your area. 

When planting groundcovers on slopes, try to avoid planting into bare soil. This may not be possible with new construction. 
In this case, mulch around the plants with an organic mulch to help retain water and prevent erosion. If you have existing 
sod, it is preferable to kill the sod and plant into it. This limits the potential for serious erosion before the new groundcover 
becomes established. You may want to mulch around the plants so the area looks neat. Providing extra water while 
eStablishing your plants greatly enhances success during dry periods. 

If you prefer a more·naturallook, plant wildflowers and native grasses on slopes. Once established, these natural plantings 

can provide season long color, food, and shelter for birds and butterflies. Periodic mowing may be needed to control growth 
. and keep woody shrubs and trees from becoming established. Check on local ordinances dealing with unmowed areas. 

Terraces provide another option for steep slopes. Terraces provide architectural interest as well as opportunities for extensive 
gardens. They can vary considerably in cost--depending on the materials used and the area to be terraced. Terraces must be 
instal{ed proper1y to ensure the stability of the slope. Check on local ordinances and building codes if considering a terrace. 
When contracting for the work, use a reliable, competent professional. 

For more information on mulching, terracing, and other Backyard Conservation practices, contact your local conservation 

district or the Natural Resources Conservation Service. Or call 1-888-lANDCARE (toll free) for a free colorful Backyard 
Conservation booklet and tip sheets. 

u1://www.nrcs.usda.gov/feature/back:yard/grndcovsl.html 6/16/2003 
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Native Plants 

When planning your next landscape project, consider using native species. Native plants tend to 
grow better than introduced species because they have evolved under local growing conditions. 
Native plants are less prone to disease and, once established, require tess watering and fertilizer 
than non-native species. Also, they ca.n reduce the amount of lawn you need to mow. 

Page 1 of 1 

Design choices are as diverse with native plants as with introduced species. There are trees, shrubs, grasses, and wildflowers 
to choose from. Native plants come in a vast array of colors--blooming and adding interest to your landscape throughout the 
year. Many native plants have colorful, decorative leaves in a variety of shapes. 

If you want a formal looking yard, group similar plants and colors together, with spacing wide enough to allow plant 
distinction. If you prefer a more natural look, scatter a variety of plants at random. Then, allow the plants to grow into each 
other, providing a free flowing form. Whatever your design, the soft pastels of delicate wildflowers are a welcome sign of 
spring. In winter, tall grasses and silhouettes of leafless shrubs add a texture to the landscape that a mowed lawn will never 
offer. 

If you are enhancing an established yard, inventory your yard and work with the features you have. With the aid of field 
guides, you may locate hidden treasures in the form of wildflowers you were unaware of. Perhaps a stump, fallen log, or 
large rock could be a focal point for your garden. And, it can be exciting to build your new landscape design around a mature 
native tree. 

Native plants. can attract native animals such as butterflies and birds by providing food and shelter. Fruits such as acorns or 
berries are vitally important, but sometimes other benefits are less noticeable. Many animals are host dependent--that is, 
they need a specific type of plant to survive. Butterfly larvae may chew on some new plants you have worked hard to 

establish, but that could be a small price to pay if you will be rewarded with magnificent butterflies in a few short weeks. 

Since the settlement of this country, there has been a rapid decline of both native plant and animal species. Some introduced 
plants have become invasive, taking over where wild plants once thrived. Planting native plants in your backyard is a step 
towards preserving your own natural heritage. 

Be aware that many localities have laws or ordinances against digging up native plants for transplanting. Native species 
should be obtained from reputable nurseries and garden centers that offer a selection of plants indigenous to the area. Most 
states have a native plant society and contacts can be found on the Internet. Local bookstores have books dedicated to 
plants and animals of the region. By asking a few questions, you can get the information you need to "go native" in your 
backyard. 

For more information on wildlife habitat and other Backyard Conservation practices, visit the Natural Resources Conservation 
Service online at www.nrcs.usda.gov. Or calll-888-LANDCARE (toll free) for a free colorful Backyard Conservation booklet 
and tip sheets. 

http://www.nrcs.usda.gov/feature/backyard/natvplnts.html 6/16/2003 J 
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Applying Dairy Manure 
to Alfalfa 

National Water and 
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Introduction 
Dairy manure can be successfully applied to 
alfalfa both prior to planting and after estab­
lishment. Manure provides a source of major 
nutrients and micronutrients. Added benefits 
may result from improved soil physical proper­
ties and increased biological activity. However, 
inappropriate application may burn leaves 
reducing yield and forage quality. Heavy 
application equipment may compact soil and 
damage alfalfa crowns thereby lowering yield 
and shortening stand life. In weakened alfalfa 
stands, nitrogen (N) in manure may stimulate 
the growth of grasses and weeds, further 
diminishing the proportion of alfalfa in the 
sward. 

Other crops such as corn and grass hay should 
be the preferred crops for manure application by 
dairy farmers. Cornfields closest to the barn 
often receive manure at rates above crop 
requirements, resulting in N imbalances and 
over application of P and K Alfalfa and other 
forage legumes will use applied N from manure. 
These crops do not require supplemental N due 
to their ability to fix atmospheric N. Manure 
applications to alfalfa may be necessary on dairy 
farms with herds that. produce more manure 
than can be used on available cropland. Manure 
application to alfalfa would increase the total 
land area available for spreading, and thus 
would d~ease the amount spread on any one 
field, improving the N blliance, lessening the 
potential. for nitrate leaching. Research shows 
manure application to alfalfa could decrease 
symbiotic N2 fixation. 

Recommendations 

Pre-plant Manure Applications 
v' Use information from manure analysis of N, 

P, and K concentrations to set rates adequate 
to supply needed nutrients according to soil 
test recommendations. 

v' Avoid applying manure at nutrient rates 
greater than the alfalfa crop can use and en­
sure adequate incorporation so alfalfa seed 
is not planted in areas of excessive manure 
concentration. These may result in poor 
alfalfa stands and increased weed growth. 
Apply manure P and K only to balance the 
crop need for the entire crop rotation.. 

v' Spread manure when soils are firm so wheel 
traffic by the manure spreader will not 
cause excessive soil compaction and future 
stand problems. 

Manure Applications to Established 
Alfalfa Stand 
v' Apply manure to the forage fields contain­

ing the highest proportions of grass since 
these fields will benefit most from the 
manure N. Usually these fields will be the 
oldest stands, although application to estab­
lished pure young alfalfa stands is possible 
without detriment where N utilization is the 
objective. Watch soil test levels of P and K. 

v' Uquid or solid dairy manure can be applied. 
Excessive rates may contribute to salinity 

Prepared by Stephen J. Herbert and Jay Daliparthy, 
University of Massachusetts, Amherst, in cooperation 
with the National Water atid Climate Center 



problems and cause salt burn (or scald with 
dairy pond water) to the alfalfa leaves or 
suffocate plants. An increase in nitrate 
leaching can be expected if plant nutrients 
exceed crop requirements. 

./ Manure should be applied immediately 
(within one or two days} after removing a 
cutting. This reduces the risk of salt burn 
and forage pa1atability problems. 

./ Spread manure only when soils are firm, to 
reduce soil compaction, prevent field rut­
ting, and minimize damage to the plant 
crowns . 

../ The most effident use of the nutrients in 
manure would occur when manure is ap­
plied to the alfalfa at the P utilization rate, or 
to the rate that would maintain the soil test 
level P for the entire crop rotation (corn, 
small grain and alfalfa). 

../ Solid manure spreaders should be adjusted 
to break up large manure clumps that might 
smother regrowth. 

Weeds 
./ One of the major farmer concerns for appli­

cation of manure on alfalfa is weed intru­
sion. Presence of weed seeds in manure 
varies and depends on type of farm opera­
tion, feeds, and manure nl.amtgement. 

../ Research shows proper application of 
manure at the optimum rate does not in­
crease weed problems and does not signifi­
cantly alter stand purity. 

Residual effects 
../ Application of manure to alfalfa will benefit 

succeeding crops both from residual N and 
other essential plant nutrients like P and K 

../ Research shows com planted. after manured 
alfalfa in the rotation may not need any 
extra N and P fertilizers. Additional N fer­
tilizer application should be based on pre­
plant or the pre-sidedress soil N test in 
applicable regions. Application of N fer­
tilizer to corn following manured alfalfa 
may result in overfertilization and thereby 
increase nitrate leaching potential . 

../ Application of manure to alfalfa at the N 
requirement rate will over-supply P and K 
to the subsequent crops and build up soil 

test levels of these nutrients to environ.:. 
mentally hazardous levels. 
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Landowner __________________________________________________________ __ 

Definition 
Vegetative barriers are narrow, permanent strips of stiff 
stemmed, erect, tall, dense perennial vegetation 
established in parallel rows and perpendicular to the 
dominant slope of the field. 

Purpose 
Vegetative baniers provide erosion control on cropland 
and offer an alternative to terraces where the soil might 
be degraded by terracing. 
In addition, the following benefits are provided: 

1! Applicable where the states have developed an interim 
practice standard 

• Facilitate benching of sloping topography. 
• Retard and reduce surface runoff by promoting 

detention and infiltration. 
• Disperse concentrated flow and reduce ephemeral 

gully development. 
• Divert runoff to a stable outlet. 
• Entrap sediment-borne and soluble contaminants 

and facilitate their transformations. 
• Provide wildlife habitat. 



Where used 
• On cropland fields where water or wind erosion is a 

problem or where water needs to be conserved. 
• Where a suitable outlet can be provided. 
• Where adapted perennial vegetation can be 

expected to become established before the field is 
damaged from erosion. 

• On slopes less than 10 percent. 

Conservation management system 
Vegetative barriers are normally established as part 
of a conservation management system to address the 
soil, water, air, plant, and animal needs and the owner's 
·objectives. For this practice to be fully effective, it is 
important to plan the conservation crop rotation, 
nutrient and pest management, crop residue 
management, and other cropland practices. 

Wildlife 
Vegetative barriers provide excellent opportunities to 
improve wildlife habitat for some speCies by creating 
travel lanes that connect important habitat areas or in­
field escape cover. For wildlife objectives, select native 
species or other adapted species that provide wildlife 
food and cover. Practices, such as wildlife upland 
habitat management, provide guidance for applying 
vegetative barriers that meet wildlife objectives. 

Specifications 
Site-specific requirements are listed on the 
specification sheet. Additional provisions are entered 
on the sketch sheet. The following general 
specifications apply to this practice: 
• Minimum width of barrier strip is 12 inches 
• Maximum vertical and horizontal spacing of barriers 

is determined using the terrace spacing equations. 
• Barriers are aligned as near contour as practicable 

with minor adjustments to accommodate farming 
operations. 

Operation and maintenance 
Vegetative barriers must be inspected periodically to 
assure no voids develop in the protective strips of 
vegetation. Shape and replant washouts and rills as 
necessary to maintain plant density. Control spreading 
of barrier plants in to cropped areas. Control weeds 
and fertilize to maintain plant vigor. Control grazing and 
equipment traffic as necessary to protect barriers. 



~DA Grassed WateMayNegetated Filter System 
~ Conservation Practice Job Sheet 412 

Natural Resources Conservation Service (NRCS) Apri/1997 

Definition 
A grassed waterway/vegetated filter system is a natu­
ral or constructed vegetated channel that is shaped 
and graded to carry surface water at a nonerosive 
velocity to a stable outlet that spreads the flow of wa­
ter before it enters a vegetated filter. 

Purpose 
Grassed waterways convey runoff from terraces, di­
versions, or other water concentrations. Vegetation in 
the waterway protects the soil from erosion caused by 
concentrated flows, while carrying water downslope. 
The stable outlet is designed to slow and spread the 
flow of water before the water enters a vegetated filter. 

The vegetated filter is designed to trap sediment and 
increase infiltration so that other pollutants, such as 
pesticides and nutrients, can be reduced from surface 
runoff. The grassed waterway also offers diversity and 
cover for wildlife. 

Where used 
• Where water concentrates and gully erosion is a 

problem, commonly in draws and other low-lying 
areas. 

• As outlets for other conservation practices, such as 
diversions and terraces. 

• Where a stable, spreading-type outlet and vegetated 
filter can be designed and maintained. 



Trapezoidal shape cross section · 

Waterway 

~----Seeding width----~ 

1.-------T--------~ 

Parabolic shape cross section 

Typical Cross-section 

Vegetation establishment 
Establish the waterway vegetation according to Criti­
cal Area Planting Practice (342). For the stable, spread­
ing type outlet, select perennial plant species (native 
species are encouraged where possible) that have 
compatible characteristi.cs to the site. Use sod-form­
ing plants that have stiff, upright stems that provide a 
dense filter. Use the recommendations for filter' strips 
for the area below the outlet. Establish vegetation be­
fore allowing water to flow in the waterway. Use irriga­
tion and mulch to hasten establishment of vegetation 
as necessary. 

Operation and maintenance 
• Tillage and row direction should be perpendicular 

to the grassed waterway to allow surface drainage 
into the waterway and to prevent flows along edges. 

• Provide stabilized machinery crossings, where 
needed, to prevent rutting of the waterway. 

• Protect vegetation from direct herbicide sprays and 
use plant species tolerant of chemicals used. 

• The grassed waterway outlet should be kept as 
wide and shallow as possible to slow the velocity of 
water, increase infiltration, and spread flows evenly 
across a wide area before entering a vegetated fil­
ter. 

Conservation management system 
Grassed waterway/vegetated filter systems and filter 
outlets are normally established as part of a conser­
vation management system to address the soil, water, 
air, plant, and animal resource concerns and the 
landowner's objectives. Grassed waterway/vegetated 
filter systems are an important part of the overall soil 

erosion and water quality plan. They are used along 
with other needed conservation practices located in 
the field, such as contour buffers, terraces, crop resi­
due management, and nutrient and pesticide manage­
ment. Waterways located below areas of high sedi­
ment production need special design and additional 
maintenance. Other measures to reduce sediment pro­
duction or to trap sediment should be considered. 

Wildlife 
The grassed waterway and filter system can also en­
hance the wildrtfe objectives depending on the veg­
etative species used and management practiced. Con­
·sider using native or adapted vegetative species that 
cari provide food and cover for important wildlife. De­
lay mowing of waterway and filter area until after the 
nesting season. 

Specifications 
Site-specific requirements are listed on the specifica­
tions sheet. Additional provisions are entered on the 
job sketch sheet. Specifications are prepared in ac­
cordance with the NRCS Reid Office Technical Guide. 
See practice standards GraSsed Waterway (412) and 
Riter Strip (393). 
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~DA Filter Strips 
._ Conservation Practice Job Sheet 393 

Natural Resources Conservation Service (NRCS) Apri/1997 

Landowner--------------------------------------------------------~-

Definition 
A filter strip is an area of grass or other permanent 
vegetation used to reduce sediment, organics, 
nutrients, pesticides, and other contaminants from 
runoff and to maintain or improve water quality. 

Purpose 
Riter strips intercept undesirable contaminates from 
runoff before they enter a waterbody. They provide a 
buffer between contaminant source, such as crop fields, 
and waterbodies, such as streams and ponds. Riter 

strips slow the velocity of water, allowing the settling 
out of suspended soil particles, infiltration of runoff and 
soluble pollutants, adsorption of pollutants on soil and 
plant surfaces, and uptake of soluble pollutants by 
plants. 

Secondary benefits: 
• Forage-onfarm use or cash crop 
• Reid borders 
• Tumrows and headlands . 
• Access 
• Aesthetics 



Where used 
• At the lower edge of crop fields or in conjunction 

with other conservation practices. 
• On fields along streams, ponds, lakes, and 

drainageways. 
• As part of a riparian forest buffer system. 
• Where there is sheet or uniform shallow flow (avoid 

concentrated flow). 
• As part of an agricultural waste management 

system. 
• When they can be installed on the approximate 

contour. 
• .Where conservation practices reduce soil losses to 

acceptable level. 
• In conjunction with conservation practices on the 

contributing area to reduce sources of contaminants. 
• On slopes less than 1 0 percent. 

Conservation management system 
Filter strips are normally established as part of a 
conservation management system to address the soil, 
water, air, plant, and animal needs and the owner's 
objectives. It is important to plan the conservation crop 
rotation, nutrient and pest management, crop residue 
management, and other cropland practices. Filter strips 
can also provide forage production and improve farm 
aesthetics. They are most effective when used in 
combination with other agronomic or structural 
practices to provide conservation benefits. 

Wildlife 
Filter strips can enhance wildlife objectives depending 
on the vegetative species used and management 
practiced. Consider using native or adapted vegetative 
species that can provide food and cover for important 
wildlife. Delay mowing of filter area until after the nesting 
season. 

Specifications 
Site-specific requirements are listed on the 
specifications sheet. Additional provisions are entered 
on the job sketch sheet. Specifications are prepared 
in accordance with the NRCS Reid Office Technical 
Guide. See practice standard Filt~r Strip (393). 

Operation and maintenance 
• Mow (and harvest if possible) filter strip grasses 

several times a year to encourage dense vegetative 
growth. For ground nesting wildlife, care should be 
taken to avoid mowing during nesting periods. 

• Control undesirable weed species. 
• Inspect and repair after storm events to fill in gullies, 

remove flow disrupting sediment accumulation, 
reseed disturbed areas, and take other measures 
to prevent concentrated flow in the filter strip. 

• Lime and fertilize to soil test recommendations. 
• Exclude livestock and vehicular traffic from filter strip 

during wet periods of the year since filter strips rely 
on infiltration for reducing contaminants. It is 
recommended that this type of traffic be excluded 
at all times to the extent that is practical. 

• Restoration is required once the filter strip has 
accumulated so much sediment that it is no longer 
effective. 

) 
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USDA Field Borders 
~ Conservation Practice Job Sheet 386 

Natural Resources Conservation Service (NRCS) Apri/1997 

Definition 
A field border is a band or strip of perennial vegetation 
established on the edge of a cropland field. 

Purpose 
A field border reduces sheet, rill, and gully erosion at 
the edge of fields; protects water quality by trapping 
sediment, chemical and other pollutants; provides a 
turning area for farm equipment; and provides wildlife 
habitat. 

Where used 
• On the outside edges of fields. 
• Complementary to a conservation management 

system. 

Requirements for establishing field 
borders 
Reid borders should be a minimum of 20 feet wide 
and should be wide enough to allow turning of farm 
equipment. 



Conservation management system 
Field borders are normally established as part of a 
conservation management system to address the soil, 
water, air, plant, and animal needs and the owner's 
objectives. A field border used with contouring, contour 
stripcropping, cross-slope farming patterns, or terraces 
eliminates the normal planting of. end rows or 
headlands in uphill and downhill directions. It also 
provides a turning area for farm equipment, which 
reduces sheet, rill, and gully erosion. Reid borders can 
also provide forage production and improve farm 
aesthetics. They are most effective when used in 
combination with other agronomic or structural 
practices to provide conservation benefits. 

Operation and maintenance 
Inspect and repair field borders after storms to fill in 
gullies, remove sediment, reseed disturbed areas, and 
take other measures to ensure the effectiveness of the 
border. Mow (and harvest if possible) field border 
vegetation during noncritical times for wildlife to 
encourage dense vegetation growth. 

Wildlife 
Field borders can enhance wildlife objectives. Benefits 
depend on the vegetative species used and 
management practiced. Consider using adapted native 
vegetative species that can provide food and cover for 
important wildlife. Increase width, if needed, to provide 
necessary protection for nesting animals from 
predators. Delay mowing of grassed area until after 
the nesting season for ground-nesting birds and 
animals. 

Specifications 
Site-specific requirements are listed on the 
specifications sheet. Additional provisions are entered 
on the job sketch sheet. Specifications are prepared 
in accordance with the NRCS Field Office Technical 

. Guide and the Field Border practice standard (386). 
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June 16, 2003 
Dear Local Resident, · 

Weston & Sampson Engineers in conjunction with the Town ofNewburyport Water and 
Sewer Department has just completed a Surface Water Supply Protection Plan (SWSPP) 
for the Artichoke Reservoir, and the Indian Hill Reservoir and the surrounding watershed. 
The purpose of this plan is to protect these water bodies for the use of future residents. 
Since the Artichoke Reservoir system is used, as a drinking water source for the town of 
Newburyport, Newbury and West Newbury the success of this project is vei:y important 
to the families throughout these communities. Through cooperation with land owners, 
municipal water supply operators and town officials the hope is that the Artichoke 
Reservoir system will maintain its excellent water quality for generations to come. 

Due to your proximity to the reservoir system you have been selected as a resident who 
could play a major role in the ongoing success of this project, towards protecting this 
very important water body. Enclosed in this folder are a series ofBest Management 
Practices (B11P' s) that have been proven to work in protecting surface water bodies. In 
addition to the enclosed material we have included a bibliography of Internet pages that 
will provide even more detailed information. We ask that you look over these practices 

· and adopt those practices that apply to you and your land. By doing this we hope that 
you will add value to your land and protect a vital resource. Remember, we will all 
benefit from a cleaner, healthier reservoir system, from both an aesthetic and functional 
perspective. 

We hope that with support from local residents like yourself the Town ofNewburyport 
and Weston & Sampson can make this project a worth while endeavor. Should you have 
any questions about the study or land use practices you can undertake, please do not 
hesitate to contact ......... . 



June 16, 2003 
Dear Local Businessman, 

Weston & Sampson Engineers in conjunction with the Town ofNewburyport Water and 
Sewer Department has just completed a Surface Water Supply Protection Plan (SWSPP) 
for the Artichoke Reservoir, and the Indian Hill Reservoir and the surrounding watershed. 
The purpose of this plan is to protect these water bodies for the use of future residents. 
Since the Artichoke Reservoir system is used, as a drinking water source for the town of 
Newburyport, Newbury and West Newbury the success of this project is very important 
to the families throughout these communities. Through cooperation with land owners, 
municipal water supply operators and town officials the hope is that the Artichoke 
Reservoir system will maintain its excellent water quality for generations to come. 

We realize that in making your business a successful one that you may have little choice 
in the materials you need to use on your farm. We also understand that in some cases 
sinall changes in materials used or application methods may lead to real benefits in 
reducing nutrient runoff. Enclosed in this folder are a series ofBest Management 
Practices (BMP's) that have been proven to work in protecting surface water bodies as 
well as a bibliography of Internet pages that will provide even more detailed information. 
The recent study has developed a variety of improve_ments or suggested improvements. 
Your support for this project is strictly voluntary, however we hope that you will look 
over this folder and incorporate Best Management Practices (BMP) that will not hinder 
your performance as a business. We also ask that if you do have any questions in 
regards to what steps you can take as a business to help maintain the excellent water 
quality in the Artichoke Reservoir that you do not hesitate to contact us. By adopting 
some of these practices we hope that you can maintain a successful business while also 
helping to secure a strong environmental future for your area. Remember, we will all 
benefit from a cleaner, healthier reservoir system, from both an aesthetic and functional 
perspective. 

We hope that with support from local residents and businesses like yours the Town of 
Newburyport and Weston & Sampson can make this project a worth while endeavor. 
Should you have any questions about the study or land use practices you can undertake, 
please do not hesitate to contact ......... . 
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the Soil Conservation etts published the first edition of the 
Guidelines for Soil and Water Conservation in Urbanizing Areas of Massachusetts. This was a 300+ page book 
dealing with a wide variety of conservation-related urban problems and situations encountered throughout 
the state of Massachusetts. 

After the third printing and in 1982, the Soil Conservation Service began an update and revision to 
bring this volume up to date. At the same time, the format was changed from a single volume to a series 
of "Massachusetts Conservation Guides"- each keyed to a specific subject area. Only the first two of the 
proposed five guides were published: Volume I- Erosion & Sediment Control in Site Development and Volume 
II- Vegetative Practices in Site Development. 

In late 1993, realizing the need for a complete, up-to-date volume for persons undertaking to plan, 
install or review urban developments in the state, the State Commission for Conservation of Soil, Water 
and Related Resources took the lead to prepare a complete and comprehensive revision of this handbook. 
The Commission enlisted the aid of the Executive Office of Environmental Affairs, the Massachusetts 
Department of Environmental Protection, and the Natural Resources Conservation Services (formerly the 
Soil Conservation Service) of the U.S. Department of Agriculture. This group, working through the Franklin, 
Hampden, Hampshire Conservation Districts-Division V, undertook to update the original document and 
this volume is the culmination of their efforts. 

There are numerous excellent references available to the general public covering the fields of erosion 
and sediment control, pollution control, and stormwater management. This guide draws upon many of 
those documents. It is meant to provide the lay person who is involved in projects which affect the land 
and water resources in Massachusetts with background information. Further details may be found in other 
documents, which are referenced as sources of information. 

This guide deals primarily with conservation measures and conservation practices. These practices 
are generally referred to as "Best Management Practices" or "BMPs" and is intended to be a companion 
handbook with the recently prepared "Mega-Manual" prepared by the Massachusetts Department of 
Environmental Protection. 

Only limited detail is included about the soils, engineering, hydrology, plant materials and other 
knowledge that is needed to plan and design a potential project. It is intended only as a guide and should 
be used as such. A professional planner should be engaged to prepare the proposal and a professional 
engineer for the detailed erosion and sediment control plan and designs, drawings, and specifications. 

The contents of this guide is based on material almost entirely in the public domain, published by 
federal or state agencies or public educational institutions. It should not be interpreted as necessarily 
representing the policies or recommendations of other referenced agencies or organizations nor of the 
agencies who sponsored this revision. The mention of trade names, products, companies or publications 
does not constitute an endorsement, but are used for clarification. 

In the fall of 1994, the USDA Soil Conservation Service was renamed the Natural Resources 
Conservation Service. Numerous references used herein were published as Soil Conservation Service 
documents and have not been relfamed or revised at this date. 
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As undeveloped areas are converted to urban uses, the natural 
vegetation is removed, land slopes may be excavated or filled, ground 
surfaces are paved over, and stream channels are modified. The result is 
·an increase in runoff and a reduction in the ability of the land to provide 
natural treatment to the runoff. 

Land is disturbed and exposed to erosion by wind and water during 
this period of conversion. Soil displaced by erosion contributes to both 
onsite and offsite damages. A portion of the soil reaches the state's 

· streams, lakes, and coastal waters as sediment. 

Erosion is the wearing away of the land surface by running water, 
·wind, ice, or other causes. Soil erosion is usually caused by the force of 
water falling as raindrops and by the force of water flowing in rills and 
streams. Raindrops falling on bare or sparsely vegetated soil detach soil 

. particles. Water running along the surface of the ground picks up these 
particles and carries them along as it flows downhill towards a stream 
system. 

As the runoff gains in velocity and concentration, it detaches more 
soil particles, cuts rills and gullies into the surface of the soil and adds 
. to its sediment load. The merging rivulets produce larger channels 
which have a larger volume and usually higher velocity, and a greater 
capacity to remove sediment and transport it downstream. 

The greater the distance the water runs uncontrolled, the greater 
.·its erosive force and the greater the resultant damage. Moreover, 
control becomes more difficult as the distance and volume increases. 

Soil erosion is also caused by the force of wind blowing across 
unprotected ground. Open gravel pits and construction sites that have 
been stripped of vegetation are especially vulnerable to wind erosion. 
The wind-borne sediments land in streams, roads, and neighboring lots. 
Blowing dust is a nuisance, and can be a hazard on especially windy 
days. Wind erosion in areas undergoing development can be controlled 
best by keeping disturbed areas small and by stabilizing and protecting 
them as soon as possible. 

Sedimentation 
Sedimentation is the deposition of soil particles that have been 

transported by water and wind. The quantity and size of the material 
transported increases with the velocity. Sedimentation occurs when 
the medium, air or water, in which the soil particles are carried is 
sufficiently slowed long enough to allow particles to settle out. Heavier 
particles, such as gravel and sand, settle out sooner than do finer 
particles, such as clay. 
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The length of time a particle stays in suspension increases as the 
particle size decreases. The coarsest, heaviest particles (gravel) are 
transported only a short distance, while water flow is at its maximum. 
Smaller, lighter particles (sand) move by rolling or bouncing along the 
surface, or stay in suspension over short distances while the water 
velocity is fairly high. Because of their slow settling rate, fine silt 
particles generally remain for several hours in suspension in the storm 
runoff that originally moved them. The still finer colloidal clays stay in 
suspension for very long periods and contribute significantly to water 
turbidity. 

There are four principal factors that influence the potential for 
erosion: soils, surface cover, topography, and climate. These factors 
are interrelated in their effect on erosion potentiaL 

Variability in terrain, soils, and vegetation makes erosion control 
unique to each development. Erosion and resulting sedimentation 
generally occur in Massachusetts only when the soil is disturbed. The 
seriousness of the problem is a function of the topography and size of 
the area disturbed, the characteristics of the soils, the climate, and the 
vegetative cover. 

As a rule of thumb: 

"" The more fine-grained material there is in a soil, the greater the 
amount of material that will be picked up by water flowing 
across its surface; 

"" The steeper the slope, the faster the water will move, thus 
being able to carry more soil; and, 

"" The larger the unprotected surface, the larger the potential for 
problems. 

Soils 
The vulnerability of a soil to erosion is known as its erodibility. 

Key factors that influence erodibility are: 

"" Soil texture (proportions of sand, silt, and clay) 

"" Organic matter content 

"" Soil structure (arrangement of soil particles) 

"" Soil permeability (the ease by which water passes through the 
soil) 

Soil texture is described by the proportions of sand, silt, and clay 
in the soiL High sand content gives a coarse texture, which allows 
water to infiltrate readily, reducing runoff. A relatively high infiltration 
rate coupled with resistance to transport by runoff results in a low 
erosion potential. Soils containing high proportions of silt and very fine 
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sand are most erodible. Clay particles and organic matter in the soil tend 
to bind it together into aggregates, thereby reducing erodibility. When clay 
erodes, however, the particles settle out very slowly. 

Organic matter, such as plant material, humus, or manure, improves 
soil structure, increases water-holding capacity, and may increase the 
infiltration rate. It reduces erodibility and the amount of runoff. 

Soil structure is determined by the shape and arrangement of soil 
particle. A stable, sharp, granular structure absorbs water, readily, 
resists erosion by surface flow, and promotes plant growth. Clay soils or 
compacted soils have slow infiltration capacities that increase runoff rate 
and create severe erosion problems. 

Soil permeability refers to a soil's ability to transmit air and water. 
Soils that are least subject to erosion from rainfall and shallow surface 
runoff are those with high permeability rates, such as well-graded gravels 
and gravel-sand mixtures. Loose, granular soils reduce runoff by absorbing 
water and by providing a favorable environment for plant growth. "Well­
graded" soils are those which contain a wide range of particle sizes. Well­
drained and well-graded gravels and gravels and mixtures with little or no 
silt have low erodibility to sheet flow, but wash easily under concentrated 
flow. Coarse, granular soils also have high permeabilities and a sufficiently 
good infiltration capacity to prevent or delay runoff. 

Surface Cover 
Vegetative cover is extremely important in controlling erosion. It 

performs these functions: 

.,. Shields the soil surface from the impact of falling rain, 

oo Holds soil particles in place, 

oo Helps to maintain the soil's capacity to absorb water, 

oo Slows the velocity of runoff. 

Soil erosion and sedimentation can be significantly reduced by 
scheduling construction activities to minimize the area of exposed soil 
and the time of exposure. Special consideration should be given to the 
maintenance of existing vegetative cover on areas of high erosion potential 
such as erodible soils, steep slopes, drainageways, and banks of streams. 

Vegetation slows runoff velocity, disperses flow, and promotes 
infiltration and deposition of sedim.ent. Plants remove water from the soil, 
increasing the capacity to absorb water. Plant roots help maintain soil 
structure. 

The type and condition of ground cover influence the rate and volume 
of runoff. Impervious surfaces protect the area covered, but prevent 
infiltration and decrease the "time of concentration" for runoff, thereby 
increasing high peak flow and potential for stream and channel erosion. 
Covers such as mulches, paving, and stone aggregates also protect soils 
from erosion. 
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Topography 
Topographic features distinctly influence erosion potential. 

Watershed size and shape, for example, affect runoff rates and volumes. 
Slope length and steepness are key elements in determining the volume 
and velocity of runoff and erosion risks. As both slope length and 
gradient increase, the rate of runoff increases and the potential for 
erosion is magnified. Swales and channels concentrate surface flow, 
which results in higher velocities. Exposed soutp-facing soils are hotter 
and drier, which makes vegetation more difficult to establish. 

Climate 
Where storms are frequent, intense, or of long duration, erosion 

risks increase. The high erosion risk period of the year results from 
seasonal changes in temperature, as well as variations in rainfall. When 
precipitation falls as snow, no erosion will take place immediately. In the 
spring, however, the hazards will be high. Most plants are still dormant. 
The existing vegetative cover is less able to buffer the raindrops. The 
ground is still partially frozen, or else saturated from melting snow, and 
its absorptive capacity is reduced. 

Exposed areas should be well stabilized in the Fall, before the 
period of high erosion risk in the Spring. 
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The frequency, intensity, timing, and duration of rainfall are 
fundamental factors in determining the amounts of runoff produced. The 
ability of runoff to detach and transport soil particles also increases as 
both the volume and the velocity of runoff increase. Development should 
be scheduled to take place during the periods of low precipitation and 
low runoff. 

In Massachusetts, soil erosion is caused primarily by runoff water 
from rainfall and snowmelt. Wind erosion is a problem for farmers on the 
broad plains adjoining the Connecticut River, and can be a problem for 
exposed soils at construction sites also. 

Areas where the soil has been disturbed and left bare by 
construction activities should be revegetated early enough in the Fall so 
that a good cover is established before cold weather comes and growth 
stops until the spring. A good cover is defined as vegetation covering 
75 percent or more of the ground surface. October is too late to seed 
and obtain a good cover for the winter. Where good cover has not been 
established, structural stabilization methods, such as hay bales, silt 
fences or anchored mulch, must be used. 
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Before colonial times, most of Massachusetts was forested. The forest 
system provided protection by intercepting rainfall in the tree canopy, 
reducing the possibility of erosion and the deposition of sediment in 
waterways. The trees and the forest duff layer absorbed large amounts of 
runoff, releasing it slowly to the streams by percolation through the soil. 

As settlement occurred and the population grew, land was cleared 
for buildings, fields, pastures and roads. Low spots, often wetlands, were 
filled. Today, as areas are converted to urban uses, the natural vegetation 
is removed, land slopes are modified, areas are paved over. 

After vegetated terrain is cleared, the additional area of compacted 
and impervious surfaces changes the hydrologic characteristics. Volume 
of surface runoff and the rate of flow increases. Ground water recharge 
decreases. Runoff that was previously slowly released to streams by 
filtering through the soil now runs quickly off the surface directly into the 
streams. This increases velocity and quantity of flow causing stream bank 
erosion and general habitat destruction. Sediment from eroded and 
unstable streambanks and cleared areas is deposited downstream; filling 
ponds, streambeds and stormwater facilities. Summer base flows are 
reduced. 

In addition to the increase in impervious surfaces, urbanization 
creates a significant amount of ground surface modification. Natural 
drainage patterns are modified and runoff is transported via road 
ditches, storm sewers, drainage swales, and constructed channels. These 
modifications increase the velocity of the runoff which in effect decreases 
the time that it takes for runoff to travel through the watershed. This 
decreased time creates higher peak discharges. 

Vegetative cover on an undisturbed site protects the ground surface. 
Removal of that cover increases the site's susceptibility to erosion. 
Disturbed land may have an erosion rate 1,000 times greater than the pre­
construction rate. Proper planning and use of control measures can reduce 
the impact of man-induced accelerated erosion. 

The major problem associated with erosion on a construction site is 
the movement of soil off the site and its impact on water quality. Millions 
of tons of sediment are generated annually by construction activities in the 
United States. The rate of erosion on a construction site varies with site 
conditions and soil types but is typically 100 to 200 tons per acre and may 
be as high as 500 tons per acre. 

Under natural conditions, stream channels will normally handle, at 
bankfull, capacity the peak discharge from a storm that could be expected 
once every two years. The increased discharge caused by urbanization 
will cause out-of-bank flooding more frequently. The stream channel begins 
to widen and deepen to accommodate the increased flow and to change 
grade to handle the increased velocity. Eventually the increased sediment 
transport can lead to problems downstream. 
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Urbanization can be a significant cause of pollution problems 
due to sediment loads, with both short-term and long-term impacts. 
Short-term changes in water quality can restrict recreational 
activities, stress aquatic organisms, and damage shellfish beds. Long­
term accumulation of pollutants into receiving waters can create 
particularly difficult to correct problems such as eutrophication, 
polluted groundwater, and contaminated sediments. 

Hazards associated with site development include increased 
water runoff, soil movement, sediment accumulation, and higher peak 
flows caused by: 

• Removal of plant cover and a large increase of soil exposed to 
erosion by wind and water. 

• Changes in drainage areas caused by regrading the terrain, 
diversions, or road construction. 

• A decrease in the area of soil which can absorb water because 
of construction of streets, buildings, sidewalks, or parking lots. 

• Changes in volume and duration of water concentrations 
caused by altering steepness, distance, and surface roughness. 

• Soil compaction by heavy equipment, which can reduce water 
intake of soils to 1/20 or less of the original rate. 

• Prolonged exposure of unprotected sites and service areas to 
poor weather conditions. 

• Altering the groundwater regime may adversely affect 
drainage systems, slope stability, survival of existing 
vegetation, and establishment of new plants. 

• Exposing subsurface materials that are too rocky, too acid, or 
otherwise unfavorable for establishing plants. 

• Obstructing streamflow by new buildings, dikes, and landfills. 
• Inappropriate timimng and sequaence of construction and 

development activites. 
• Abandonment of sites before construction is completed. 

Most soil and water management problems encountered during 
land use change are caused by one or more of the following: 

• Soil Limitations, 
• Sloping Land, 
• Drainage Problems 
• Exposed Soil. 

13 
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Soil Characteristics and limitations 
Soil characteristics have a major influence on how a proposed 

development site can best be utilized. Characteristics such as 
texture, permeability, and structure affect a soil's erodibility. Other 
characteristics that affect the potential, and the limitations, of a site 
include natural drainage, depth to ~easonal water table, depth to 
bedrock, flood hazard potential, natural fertility, and engineering, 
physical, and chemical properties. 

Significant differences in soil properties can occur within short 
distances. Some soils are seasonally wet or subject to flooding. Some are 
shallow to bedrock. Some are too unstable to be usecJ.-as a foundation 
for buildings or roads. Finer-textured or wet soils have severe limitations 
for use as septic tank absorption fields. A site with a high water table 
is poorly suited to basements or underground installations. Depth 
to bedrock or to a cemented pan (cemented or hardened subsurface 
layers), large stones, slope, and the hazard of cut banks caving affect 
the stability of ditch banks and_the ability of construction equipment to 
perform excavation or grading work. Knowledge of the soil properties is 
of great value in deciding how to utilize the project site. 

Drainage 
Drainage is the removal of excess surface and subsurface water 

from the soil. How easily and effectively the soil is drained depends on 
the depth to bedrock, to a cemented pan, or to other layers that affect 
the rate of water movement; permeability; depth to water table (depth 
to standing water if the soil is subject to ponding): slope; susceptibility 
to flooding; subsidence of organic layers; and potential frost action. 

Some soils are so wet that it would be difficult to use them for 
development. Two examples are the Scarboro soil series ("mucky fine 
sandy loam"), found on outwash plains and terraces; and the Whitman 
soil series (fine sandy loam) found in some upland areas. Poorly-drained 
soils such as Ridgebury and Walpole have severe limitations for houses, 
small commercial buildings, or lawns. Even moderately-well-drained 
soils such as the Woodbridge, Sudbury, or Deerfield series would 
present moderate to severe limitations for some development purposes. 

Depth to seasonal high water table 
Areas with a high water table should either be avoided or 

steps taken to control the condition. A high water table can cause 
malfunctioning septic systems, damp basements, and uneven foundation 
settlement. 

Depth to bedrock 
If the rock is soft or fractured, excavations can be made with 

trenching machines, backhoes, or small rippers. If the rock is hard 
or massive, blasting or special equipment generally is needed for 
excavation. 
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Flood hazard potential 
Flooding, the temporary covering of the soil surface by flowing 

water, is caused by overflowing streams, by runoff from adjacent slopes, 
or by inflow from high tides. 

Ability to support vegetation 
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"Tilth" (physical condition of the soil related to ease of tillage, 
fitness as a seedbed, and impedance to seedling emergence and root 
penetration) is important to the germination of seeds and the infiltration 
of water into the soil. Soils that have good tilth are generally granular 
and porous. 

Fertility tends to be low for soils in their natural state. Most soils in 
the Northeast are acid. They require applications of lime to lower acidity 
sufficiently for lawns and other vegetation to do well. There are some 
exceptions; for example some shrubs prefer acid soils. 

Soil Survey Reports 
Soil survey reports offer detailed information on the soil 

characteristics. These reports contain soil maps, soil descriptions, and 
soil interpretation tables. They have been published for most areas of 
Massachusetts. Copies are available for review at the local Conservation 
District office. 

Soil surveys maps are aerial photographs on which soil scientists 
have drawn boundaries of natural soil bodies, identifying each as a 
specific map unit. A map unit delineation on a soil map represents 
an area dominated by one major kind of soil or an area dominated by 
several kinds of soil, on the basis of soil series and soil phase. Map unit 
descriptions and accompanying tables·provide detailed information on 
each, as well as interpretations on their use for numerous purposes. 

Examples of two tables are shown in the accompanying figures. 
A soil series is made up of soils that have horizons (soil layers) 

similar in arrangement and characteristics. Soils of one series can differ 
in texture, underlying material, slope, stoniness, wetness, etc. On the 
basis of such differences, a soil series is divided into soil phases. The 
smallest map unit that is practical to identify is three to five acres. 

Every map unit generally has some soils that belong to other 
taxonomic classes. These soils are known as inclusions. The inclusion 
may be similar to the dominant soil and therefore may not affect the 
use or management of the soil. On the other hand, the inclusion may be 
contrasting and therefore require different manag~ment and may affect 
the potential use of the soil mapping unit. Inclusions could affect the site 
specific use of an area but may have little or no effect on broader land 
use determinations. 

Soil survey reports are very useful to planners, contractors, 
engineers, and local officials. Planners can evaluate the effects of 
specific land uses in an area. Contractors can identify potential sources 
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of sand and gravel, topsoil, and roadfill. They can use the survey to 
determine the areas where high water table, restrictive layers or bedrock 
may hinder excavation. Engineers and local officials may also use the 
survey to plan for waste disposal and site development. 

The reports contain descriptions for each soil series, with 
information on the composition of each layer of the soil profile; to a depth 
of at least 60 inches. There are tables evaluating the limitations for use of 
each soil series. Other tables contain engineering, phy~ical, and chemical 
properties. 

Soil survey reports should be supplemented with onsite soil 
investigation for a specific land use. 

Slopes 
Runoff velocity increases as slope length and gradient increase. As 

the velocity increases, so does its capacity to detach and transport soil 
particles. In general, the flatter and shorter a slope, the slower the runoff 
velocity and the greater the infiltration rate on that slope. 

Excerpts from tables in typical Soil Survey report 

Table 11: Building Site Development 
Some terms that describe restrictive soil features are defined in the glossary. See text for definitions of"slight," "moderate," and 
"severe." Absence of and entry indicates that the soil was not rated. The information on this table indicates the dominant soil 
condition but does not eliminate the need for onsite investigation. 

Table 15: Engineering Index Properties 
The symbol< means less than; > means more than. Absence of an entry indicates that data were not estimated. 

Plasticity 
Index 

NP-5 
NP 

NP·5 
NP 

NP-5 
NP-5 
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Status of Soil Survey Reports in Massachusetts, as of January 1996. 

Berkshire County Published 
Franklin County Report being updated 
Hampden and Hampshire Counties, Western Published 
Hampshire County, Central Published 
Hampden County, Central Published 
Hampden and Hampshire Counties, Eastern Published 
Worcester County, Northwestern Awajting publication 
Worcester County, Northeastern Published 
Worcester County, Southern Awaiting publication 
Middlesex County Awaiting publication 
Essex County, Northern Published 
Essex County, Southern Published 
Norfolk and Suffolk Counties Published 
Plymouth County Report being updated 
Bristol County, Northern Published 
Bristol County, Southern Published 
Barnstable County Published 
Dukes County Published 
Nantucket County Published 

Removal of existing vegetative cover from slopes increases the 
vulnerability of the slopes to erosion. Vegetation retards runoff velocity 
and root systems hold soil particles in place. Vegetation maintains the 
soils' capacity. to absorb precipitation. 

Soils are most vulnerable to erosion where highly erodible soils 
and steep or long slopes appear in combination, and where surface 
soils are low in fertility and ability to support vegetation. 

Practices to Divert Runoff 
Runoff can be diverted from slopes that are exposed during 

development by using diversions to intercept runoff and keep it away 
from the slope face. A diversion extends across a slope, usually a 
combination of dike and ditch. Diversions can be used at intervals 
across the slope face to reduce slope length. Diversions are also used 
to collect runoff from a construction site and divert it to a sediment 
retention trap or pond. 

Diversions can be bare channels, vegetatively stabilized channels, 
or lined channels (paving, erosion control fabric, etc.). Temporary 
diversions must remain in place until slopes have been permanently 
restabilized. 

Diversions concentrate the volume of surface runoff. As a result, 
they also increase its erosive force. It is important to plan in advance 
for the disposal of runoff collected by diversions. Runoff must be 
released onto a stabilized area to reduce its erosion potential. In some 
cases this can be simply achieved by gradually reducing the gradient 
of the diversion channel. 
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Slope Drains 
If runoff cannot be satisfactorily disposed of by conveying across 

a slope, it can be drained over the face of the slope itself. Slope drains 
can run down the surface of the slope as a sectional downdrain, paved 
chute, or a pipe placed beneath the surface of the slope. 

On-surface sectional downdrains are usually corrugated metal, 
or plastic pipe. These slope drains are temporary. For permanent 
installations; paved chutes with a surface of concrete o.r bituminous 
material, or subsurface pipes are used. 

Compact the soil carefully at the mouth of the slope drain and 
anchor it adequately. Otherwise, undercutting can occur at the lip of the 
slope drain and under the drain. 

At the slope drain outlet, energy dissipators are frequently 
necessary. Failure to utilize an "energy dissipater," such as rock riprap, 
can result in serious erosion problems at the outflow end of the slope 
drain. An energy dissipater breaks up the flow of water and reduces 
velocity to a non-erosive level. 

Retaining Walls, Slope Protection 
Retaining walls may be used to reduce extreme slope gradients, 

dividing a slope into a series of shorter, flatter segments and structural 
vertical walls. Retaining walls can be used in a situation where the 
builder is trying to keep existing mature vegetation. The cost of building 
retaining walls is often justified because of the maintenance costs that 
are saved on areas that would be difficult or impossible to stabilize 
otherwise. 

Slope paving (e.g. asphalt or concrete paving, rock lining) may also 
be used to protect steep slopes that cannot be vegetated. If possible, use 
permeable materials. 

Slope Stabilization Measures 
Another way to stabilize slopes is to reduce their steepness. The 

selection of the appropriate grade for cut and fill slopes should be 
based on several considerations. The stability of the soil, its drainage 
characteristics, and its erodibility should be considered first. 

If the slope gradient is flattened, the overall length of the slope 
increases, and this increases the amount of surface area subject to 
erosion. It is easier, however, to establish vegetation on a flatter slope. 

Slope surfaces can be roughened by running wheeled construction 
equipment across the slopes, or tracked equipment up and down the 
slope face. This reduces the velocity of water flowing down the slope 
and increase infiltration rates. The rough surface holds water, seed, 
and mulch better than a smooth slope. The grooves created by the 
construction equipment should run across the slope horizontally, and 
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not up and down the slope. Slopes can also be scarified (loosened with 
a harrow) to produce desired surface roughness. 

Drainage 
Protecting streams and waterways on or near sites undergoing 

development and protecting areas downstream from development 
involves three goals: 

,.. The increased sediment loads carried by surface runoff from 
areas under construction must not be allowed to enter streams. 
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,.. Streambanks must be protected from erosion hazards caused by 
increases in runoff volume and velocity. 

,.. The rates of release of increased volumes of runoff into streams 
and waterways and the velocity of flow in stream channels must be 
controlled. 

Contact the local Conservation Commission regarding any stream 
crossing or other work conducted In a wetland resource area. The 
Massachusetts Wetland Protection Act requires that the proponent file a 
"Request for Determination of Applicability" or "Notice of Intent." 

There are several identifying characteristics for streams that are 
particularly vulnerable to erosion. Streams which have a small channel 
capacity and steep banks are very susceptible to erosion. Streams 
which flow through areas of erodible soil, and streams with sharp 
meanders or bends in the channel alignment are also prone to erosion. 

Streambank Stabilization Measures 
Maintain existing vegetation on streambanks. Stream bank 

vegetation helps stabilize the soil, slows runoff and dissipates its 
erosive energy, and filters sediment from runoff. 

To prevent the destruction of streambank vegetation, stream 
crossing and construction traffic along the banks must be controlled. 
Culverts and temporary bridges should be constructed only as a last 
alternative. 
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Vegetative Measures 
When streambanks must be disturbed, or where existing 

vegetative cover is inadequate, grass or grass-legume mixtures may be 
established. Vegetative restabilization should be done immediately after 
streambank grading has been completed. Grass and legume vegetation 
is recommended for the protection of stream banks. Woody vegetation 
(shrubs) may be used if ice damage is a potential problem. 

As soon as planting or seeding has been completed, banks should 
be mulched and the mulch securely anchored. Straw with a plastic­
emulsion tacking agent, excelsior blanket, a netting over straw, or similar 
materials may be used. In recent years manufacturers have developed 
many new products for soil stabilization. 

It is important to check periodically and repair areas where 
vegetation has failed. 

Structural Measures 
Streambanks can be protected from erosion by structural as well as 

vegetative measures. If vegetation will not provide sufficient protection, 
banks can be protected with revetments and deflectors. 

Where sharp bends occur or where there are constrictions in the 
stream channel (such as culverts, bridges, or grade control structures), 
structural treatment may be necessary. Riprap, gabions, and concrete 
paving are often used to protect and reinforce a stream bank. Deflectors, 
consisting of jetties or pilings that angle outward from the bank in a 
downstream direction, may also be used to keep erosive currents away 
from vulnerable bank areas. 

Grade Control Structures 
Grade control structures can be used to reduce the channel 

gradient, thereby reducing the velocity of flow in a channel. Check 
dams, weirs, and drop spillways, made of a variety of materials, both 
temporary and permanent, reduce channel grade and dissipate the 
energy of flowing water. These structures concentrate the volume of 
water and increase velocity of flow, therefore, special care must be taken 
to prevent undercutting at the toe of the structure and erosion of the 
banks. 

Sediment Traps or Basins 
The first step in preventing sediment from entering streams and 

waterways is to control erosion on construction sites. The second is 
to trap sediment transported by runoff before it reaches streams and 
waterways or leaves the construction site. Runoff must be detained for a 
sufficient period of time to allow the suspended soil particles to settle. 

Vegetative filter strips between streams and development areas can 
slow runoff and filter out sediment. 
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Sediment traps can be constructed in drainageways. Sandbags, straw 
bale barriers, and excavated sediment traps, placed at regular intervals 
within a drainage channel, are easy and economical to construct. Sandbag 
barrier sediment traps are constructed of bags filled with sand or crushed 
rock and stacked in an interlocking manner designed to trap sediment and 
reduce velocity of flow. 

Straw bale barrier sediment traps are constructed of bales of hay 
or straw stacked and staked in place. Tying the, bales to stakes with wire 
provides additional stability. Soil excavated from the drainage channel 
should be compacted along the upstream face of the barrier. Piping, or 
undercutting, can be reduced by setting the bales at least six inches into 
the bottom of the drainway and compacting excavated soil along the 
upstream side. Sediment traps require cleaning out periodically; and they 
should be checked after heavy rains to repair any damage and remove 
accumulated sediment. 

Streams may also be protected from increased sediment loads 
by trapping runoff in sediment basins before it is released into stream 
channels. In addition to trapping sediment, these basins are designed to 
release runoff at nonerosive rates. Sediment basins usually consist of an 
earthen dam, a spillway to carry normal water flow, and an emergency 
spillway for storm flows. Construct sediment basins before clearing and 
grading of the main site begins. They are generally located at or near the 
low point of the site. Sediment basin outlets must be stabilized. 

Surface runoff, and runoff intercepted by erosion control measures 
such as diversions, should be conveyed in erosion-resistant drainageways 
and released to stabilized areas, storm sewers, or sediment basins. The 
drainageways should be designed to insure that runoff is transported 
without risk of erosion or flooding. 

The development should be planned to maintain and utilize the 
existing drainageways. Increases in runoff volume and velocity because of 
changes in soil and surface conditions during and after construction must 
be anticipated. Where the capacity Qf the natural site drainage channels 
is exceeded, additional capacity, stabilizing vegetation, or structural 
measures will be needed. 

Bare Channels 
Bare channels should be used with caution, and only in areas where 

the channel slope is quite flat. In areas where the soils have moderate to 
high erosion potential, stabilization techniques will need to be a part of 
the design. 
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Grassed Waterways 
Waterways are designed to transport excess surface water from 

diversions or natural concentrations of flow in a stable channel. Grassed 
waterways are vegetatively stabilized channels. Jute netting, paper 
twine fabric, excelsior blankets, and various other mulching techniques 
are frequently used to protect channels until vegetation becomes well 
established. In some vegetatively lined channels, bank protection may also 
be necessary. Riprap is a commonly used material. 

lined Channels 
Linings are necessary in drainageways where: vegetation cannot 

be established because flow is of long duration in the channel, runoff 
velocities or concentrations are high, erodible soils exist or slopes are very 
steep. Concrete paving and riprap are commonly used channel linings. In 
general, vegetative stabilization and the us~ of permeable channel linings, 
such as riprap, are preferred to the use of impermeable linings, such as 
concrete or grouted riprap. 

Inlet Protection 
The capacity of the storm sewer system can be severely impaired 

by sediment deposits. Sediment should be prevented from entering an 
enclosed storm sewer by temporary sediment traps and filters at system 
inlets. Filters made of crushed rock, sod, or straw bales can be placed at 
inlets where sediment traps cannot be constructed. It is essential to check 
traps and filters regularly and remove accumulated sediment. 

Enclosed Drainage 
The capacity of vegetated drainage channels may be exceeded by 

the increases in runoff caused by earthchanging activities. As a result, 
vegetatively lined channels may scour and erode. If storm sewers will be 
needed, install them before major construction begins. 

Ground Cover 
Vegetative Stabilization Techniques 

Grass and legumes are the most commonly used plant materials for 
stabilizing slopes. Vegetation is usually established in one of three ways. 

Hydroseeding 
A mixture of seeds, fertilizer, and water is sprayed on the slope. A 

mulch and a mulch tacking agent should also be applied. Hydroseeding is 
effective on large areas. 
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Standard seeding 
Seed is drilled or broadcast either mechanically or by hand. 

A cultipacker or similar tool is used after seeding to compact the 
seedbed and cover the seed. The proper timing of seeding, mulching, 
and watering is important for areas seeded in this manner. 

Sodding 
Sod strips are laid on the slope and in this way instant cover 

is provided. Sod should be placed on a prepared bed and pegged 
on steep slopes. Water and fertilizer are important. This method is 
effective and is often used on steep slopes and waterway channels. 

Suitable soil, good seedbed preparation, and adequate water, lime, 
and fertilizer are "musts" for all these methods. 

Immediately after rough grading is completed, exposed slopes 
should be temporarily stabilized. If final grading will be delayed, 
temporary seeding and mulching may be used for short period of 
protection. 

As soon as slopes are brought to final grade, permanent 
vegetation should be planted. 

Maintenance will consist primarily of mowing, fertilizing, liming, 
and watering. It should be scheduled on a regular basis. Reseed bare 
areas as necessary. 

Mulches 
Mulch is usually used after permanent seeding, but may be used 

before seeding to protect exposed areas for short periods. Mulches 
protect the soil from the impact of falling rain, slow the velocity of 
runoff, and increase the capacity of the soil to absorb water. Mulches 
hold seed in place, preserve soil moisture, and insulate germinating 
seeds from the extremes of heat and cold. 

Many types of mulch are available; such as straw, wood chips, 
and excelsior mats. Most mulches must be anchored, using plastic 
emulsions or jute, fiberglass, or plastic netting. 

Vegetative Buffer Strips 
Sediment can be reduced by maintaining a natural vegetative 

buffer or filter strip at the base of a slope and by placing sod strips at 
intervals across the face of the slope. These measures help to slow 
runoff and trap sediment. 
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Some of the problems that arise when a site is developed are high 
watertable, flood-prone areas, seepage, or adverse soil conditions. If 
such problem areas are recognized early, site plans can be developed to 
accommodate, not aggravate, them. 

Flood Plains 
Is the proposed development locat~d in a flood plain? A Soil Survey 

report can be used to locate areas subject to flooding by stream overflow. 
For example, soils such as those in the Hadley or Podunk series would be 
described as "subject to flooding." The maps in soil survey reports show 
the location of such soils. 

If a Flood Hazard Analysis has been performed for the town, it may be 
used to locate flood hazard areas. 

If neither of the above are available, a rough identification of flood 
hazard areas may be accomplished by interviewing local residents, 
checking town records. Field checks of vegetative cover types, soil 
moisture, or vertical distance above stream level help point out 
susceptible areas. 

Effect of Development on Surface Runoff 
Development usually results in the increase of hard-surfaced, 

impervious areas, which can increase flooding downstream. These effects 
may be reduced through: 

Minimum lot sizes 
For example, the runoff from a subdivision of one-quarter acre lots for 

a two-year frequency storm can be 50% greater than that from the same 
subdivision with one-acre lots. 

Preservation of the natural drainage pattern 
Development may disrupt drainage paths that have developed 

over hundreds of years. The existing, natural drainageways usually have 
sufficient capacity for the runoff from all except major,. infrequent storm 
events; unless there has been significant change in the cover conditions 
upstream. 

Stormwater Retarding Structures 
Often it is not feasible to preserve enough of the natural drainage 

and vegetative cover to prevent an increase in runoff. A properly designed 
retarding structure temporarily stores runoff from a developed area and 
releases the water over a period of time, at a rate within the capacity of the 
channel downstream 
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Adverse Soil Conditions 
Large Rocks and Ledge 

25 

If these are encountered, development costs rise significantly. Plan 
the development around these conditions and leave rocks and ledge 
undisturbed if possible. 

Settlement Potential 
Fills placed on soft organic soils or located in wet areas tend to 

settle unless care is taken to see that they are properly constructed. 
Foundations for larger buildings are usually designed by a soils or 
foundations engineer, but plans for houses, parking lots, driveways 
may not have been developed with sufficient concern for possible 
foundation settlement. 

Water Table 
Areas with a high water table should either be avoided or steps 

taken to drain or otherwise control the condition. High water table 
can cause malfunctioning septic systems, damp basements, uneven 
foundation settlement. 

Seepage 
Seepage may be encountered at the base of a hill (where the 

ground surface flattens out); or on a slope, where a roadside cut or an 
excavation for a foundation is made. Houses, driveways, roads, parking 
lots, etc., located in such areas usually require drainage measures. 

Cuts and Fills 
Constructed cuts and fills tend to change site characteristics 

(drainage, soil materials, stability, etc.). The earth-moving involved 
raises development costs. A comparison should be made of the cost of 
doing such work, and the subsequent drainage measures required vs. 
working with the natural ground contours to minimize cuts and fills. 
The comparison may show the latter to be more economical; as well as 
more pleasing to the eye. 

Review and consider site 
selection for the project. Select a site that is suitable rather than force 
the terrain to conform to development needs. Ensure that development 
features follow natural contours. Steep slopes, areas subject to flooding, 
and highly erodible soils severely limit a site's use, while level, well­
drained areas offer few restrictions. Control seepage and high water 
table conditions. Any modification of a site's drainage features or 
topography requires protection from erosion and sedimentation. 
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Keep Disturbed Areas Small 
Careful site selection will help on this point. The site, or corridor, 

should be able to accommodate the development with a minimum of 
grading. 

The development plan should fit its topographic, soil, and vegetative 
characteristics with a minimum of clearing and grading. Natural cover 
should be retained and protected wherever possible. Critically erodible 
soil, steep slopes, streambanks, and drainageways shotald be identified. 
The development can then be planned to disturb these vulnerable areas as 
little as possible. 

Where earth change and removal of vegetation are necessary, keep 
the area and duration of exposure to a minimum. Plan the phases of 
development so that only areas which are actively being developed are 
exposed. All other areas should have a good cover of vegetation or mulch. 

Stabilize and Protect Disturbed Areas 
as Soon as Possible 

Two methods are available for stabilizing disturbed areas: mechanical 
(or structural) methods and vegetative methods. In some cases, both are 
combined in order to retard erosion. 

Keep Stormwater Runoff Velocities Low 
The removal of existing vegetative cover during development and 

the resulting increase in impermeable surface area after development will 
increase both the volume and velocity of runoff. These increases must be 
taken into account when providing for erosion control. 

Protect Disturbed Areas from Stormwater Runoff 
Best management practices can be utilized to prevent water from 

entering and running over the disturbed area. Diversions and other control 
practices intercept runoff from higher watershed areas, store or divert it 
away from vulnerable areas, and direct it toward stabilized outlets. 

Retain Sediment within the Corridor or Site Area 
Sediment can be retained by two methods: filtering runoff as it flows 

and detaining sediment-laden runoff for a period of time so that the soil 
particles settle out. The best way to control sediment, however, is to 
prevent erosion. 

After construction is completed, inspection and maintenance are vital 
to the performance of erosion and sedimentation control measures. If not 
properly maintained, some practices may cause more damage than they 
prevent. 

When considering which control measure to use, always evaluate the 
consequences of a measure failing. Failure of a practice may be hazardous 
or damaging to both people and property. For example, a large sediment 
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basin failure can have disastrous results; low points in dikes can allow 
them to overflow and cause major gullies a fill slope. 

27 

It is essential to inspect all practices to determine that they are 
working properly and to ensure that problems are corrected as soon as 
they develop. Provide some means to see that routine checks of operating 
erosion and sedimentation control practices are carried out after 
construction is over. 

An erosion and sedimentation control plan should serve as a 
blueprint for the location, installation, and maintenance of practices to 
control all anticipated erosion, and. prevent sediment from leaving the site. 

Tracts of land vary in suitability for development. Knowledge of 
the soil type, topography, natural landscape values, drainage patterns, 
flooding potential, and other pertinent data helps identify both beneficial 
features and potential problems of a site. Developers and builders can 
minimize erosion, sedimentation, and other construction problems by 
selecting areas appropriate for the intended use. 

The erosion and sedimentation control plan should be a part of 
the general construction contract. It should show location, design, and 
construction schedule for all erosion and sedimentation control practices. 
Also, developers and builders must abide by the local town bylaws. 

Contents 
An erosion and sedimentation control plan must contain sufficient 

information to describe the site development and the system intended 
to control erosion and prevent off-site damage from sedimentation. At a 
minimum, the plan should contain the following items: 
• Brief narrative, 
• Vicinity map, 
• Site topography map, 
• Site development plan, 
• Erosion and sedimentation control plan drawing, 
• Detail drawings and specifications, 
• Vegetation plan, 
• Supporting calculations, 
• Construction sequence, 
• Maintenance plan. 

The narrative will clarify details of the plan as an aid for the inspector 
and the contractor. The narrative should be concise, but should describe: 
• Nature and purpose of the proposed development, , 
• Pertinent conditions of the site and adjacent areas, and 
• Proposed erosion and sedimentation control measures. 
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The narrative should also include how the developer has 
incorporated applicable regulations (e.g. filed wetlands NOI, applied for an 
NPDES Storm Water Permit, etc.) 

The designer should assume that the plan reviewer has not seen the 
site and is unfamiliar with the project. Map scales and drawings should be 
appropriate for clear interpretation. 

There is an example erosion and sedimentation control plan in a later 
section. 

Data Collection and Preliminary Analysis 
The base map for the erosion control·plan is prepared from a 

detailed topographic map. A soils map may be obtained from the local 
Conservation District office. Transferring soil survey information to the 
topographic map is helpful for site evaluation. Inspect the site to verify 
the base map with respect to natural drainage patterns, drainage areas, 
general soil characteristics, and off-site factors. 

The base map should reflect such characteristics as: 
• Soil type and existing contours, 
• Natural drainage patterns, 
• Unstable stream reaches and flood 

marks, 
• Watershed areas, 
• Existing vegetation, 
• Critical areas such as steep slopes, 

eroding areas, rock out-
croppings, and seepage zones, 

• Unique or noteworthy landscape 
values to protect, 

• Adjacent land uses; especially areas sensitive to sedimentation or 
flooding, 
• Critical or highly erodible soils that should be left undisturbed. 

Use the base map to locate: 
• Buffer zones, 
• Suitable stream crossing areas, 
• Access routes for construction and maintenance of sedimentation 

control devices, 
• Borrow and waste disposal areas, and 
• The most practical sites for control practices. 

Analysis of the topography, soils, vegetation, and hydrology will help 
the planners and designers to recognize the limitations of the site, and 
identify locations suitable for development. 
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Preparing the Plan 
The erosion and sedimentation control plan should seek to protect 

the soil surface from erosion, control the amount and velocity of runoff, 
and capture sediment on-site during each phase of the construction 
project: 

Schedule activities 
Coordinate installation of erosion and sediment control practices 

with construction activities. 
Sediment control practices should precede grading activities. 

Protect the soil surface 
Limit the extent of disturbance. Stabilize the soil surface immediately. 

Once the surface has been disturbed, it is vulnerable to erosion and 
should be protected with appropriate cover, such as mulch or vegetation. 

Control surface runoff 
Divert water from undisturbed areas to avoid disturbed areas. Break 

up long slopes with temporary diversions to reduce the velocity of runoff. 
Divert sediment-laden water to sediment impoundments. Make all outlets 
and channels stable for the intended flow. 

Capture sediment on-site 
Divert runoff that transports sediment to an adequate sediment­

trapping device to capture sediment on the site. 

Preparing the Plan - Step by Step 
Runoff-Erosion Analysis 
Landscape 

Evaluate proposed changes in the landscape to determine their effect 
on runoff and erosion. Make a note of all physical barriers to surface 
runoff, such as roads, buildings, and berms. Check slope grades and 
lengths for potential erosion problems. Designate intended collection 
points for concentrated flow and specify controls to dissipate energy or 
stabilize the surface. Designate areas to be protected or used as buffer 
zones in this phase. 

Runoff yield 
Evaluate surface runoff for the entire contributing drainage area, both 

on-site and off-site. Delineate small subwatersheds on-site and estimate 
peak runoff rates and volumes at selected collection points. Base runoff 
determinations on site conditions during and after development, not 
preconstruction conditions. 

Sediment yield 
Estimate sediment yield by subwatersheds. This aids in identifying 

preferred locations for sediment traps and barriers and can be used 
to estimate the expected cleanout frequency. An area that is subject to 
excessive erosion may need extra storage capacity in traps or additional 
precautions during construction. 
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Sediment Control 
Erosion control practices reduce the amount of sediment generated, 

but they do not eliminate the need for sediment control devices such as 
barriers and traps. Sediment control practices operate by reducing flow 
velocity and creating shallow pools that reduce the carrying capacity of 
runoff. Thus sedimentation occurs on-site rather than off-site. Sediment 
is generally not controlled by filtering, but by deposition. The designer 
should locate all traps and barriers recognizing that they represent 
deposition points where access for maintenance will be necessary. 

Sediment basins and traps 
Select sites and install sediment basins and traps before other 

construction activities are started. Also, consider locations for diversions, 
open channels, and storm drains at this time so that all sediment-laden 
runoff can be directed to an impoundment structure before leaving the 
construction site. 

Divert sediment-free water away from sediment basins and release 
it through stable outlets. This reduces construction costs and improves 
basin efficiency. 

The plan should show access points for cleanout of all traps and 
basins and indicate sediment disposal areas. Maintenance of storage 
capacity is essential throughout the construction period. 
Sediment fences 

Sediment fences provide effective control of sediment carried in sheet 
flow. They are particularly useful where there is limited space to work such 
as near property lines, among trees, or near sidewalks or streets. Sediment 
fences should never be used across streams, ditches, channels, or gullies. 

A sediment fence operates by reducing flow velocity and causing a 
shallow pool to form. If filtering action is required, the designer should 
assume that the barrier will clog rapidly so that all runoff must be retained 
behind the fence or released through a designated outlet. Any outlet points 
must be reinforced and stabilized and should be designated in the plan. 

Place sediment fences on relatively flat ground with sufficient area 
for a pool to develop without putting unnecessary strain on the fence. If a 
level area is not available at the fence location, excavate a trench directly 
upslope from the fence. 

Show sediment fences on the plan and indicate deposition areas and 
needed overflow or bypass outlet points. Also show access routes for 
maintenance. 

Inlet protection 
Inlet protection devices for storm sewers, conduits, slope drains, or 

other structures make effective, low-cost deposition areas for trapping and 
holding sediment. A shallow excavation in conjunction with a sediment 
barrier can be effective at many locations. Show where these measures will 
be located, what type of device will be used, and how these devices will be 
constructed and maintained. 
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Protection of Disturbed Areas 
Once an area is disturbed, it is subject to accelerated erosion. In 

the plan, show how erosion will be controlled on these disturbed areas. 
Erosion control can be achieved by: 

Limiting the size of clearing and time of exposure by proper 
scheduling, 
Reducing the amount of runoff over the disturbed surface, 
Limiting grades and lengths of slopes, apd 
Reestablishing protective cover immediately after land-disturbing 

activities are completed or when construction activities are delayed for 30 
or more working days. 

Cut-and-fill slopes 
Steep cut or fill slopes are particularly vulnerable to erosion. Protect 

by installing temporary or permanent diversions just above the proposed 
slope before it is disturbed. Provide a stable channel, flume, or slope 
drain, where it is necessary to carry water down a slope. Flow channels 
may be either vegetated, lined with stone, or paved, or a combination 
-depending on slope and soil conditions. 

Shorten long slopes by installing temporary diversions across the 
slope to reduce flow velocity and erosion potentiaL Install permanent 
diversions with slope drains and protected outlets on long steep slopes 
(over 20%) as the slopes are constructed. 

Finish final slope grades without delay and apply surface stabilization 
measures as soon as possible. Roughen slope surfaces to improve the 
success of vegetative stabilization. Consider both the stabilization 
measures and how they will be maintained before planning the steepness 
of the finish slope. For example, if the finished slope is to have grass cover 
that will be mowed, it should be constructed-on a grade of 3:1 or flatter. 

Suiface covers 
Riprap, gravel, straw and other cover materials can provide 

immediate surface protection to disturbed soil areas. Riprap is especially 
useful where concentrated runoff occurs over steep slopes. Riprap should 
be installed on a gravel or filter fabric bed. 

Construction traffic 
Construction roads, parking areas, and construction access routes 

need to be carefully planned. Ensure that traffic patterns follow site 
contours and limit the length of routes up steeper slopes. Generally, road 
grades should not exceed 12%. 

Controlling surface runoff is necessary to prevent serious roadside 
erosion. Proper grading of the road surface, stable channel design, and 
use of water bars, other diversions, and culverts help prevent erosive 
flows. 

Where water tables are high, subsurface drainage may be needed 
to stabilize the subgrade. Storm drains should be considered for water 
disposal where channel grade exceeds 5%. Plans should show all 
stabilization measures needed to control surface runoff from all roads. 
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Borrow areas and disposal areas 
Clear only as needed, and protect from surface runoff. Maintain berms 

as fill slopes are constructed to reduce slope length and control runoff. 
Slope all areas to provide positive drainage, and stabilize bare soil surfaces 
with permanent vegetation or mulch as soon as final grades are prepared. 
Direct all runoff that contains sediment to a sediment-trapping device. In 
large borrow and disposal sites, shape and deepen the lower end to form 
an in-place sediment trap, if site conditions warrant it. · 

Utilities 
Use the spoil from utility trench excavations to divert flow from 

upslope areas (but use care in spoil placement to avoid blocking natural 
surface outlets). Diversions and water bars can reduce erosion when 
properly spaced across utility rights-of-way. 

When utilities are located near a stream, maintain an undisturbed 
buffer zone wherever possible. If site dewatering is necessary, pump or 
divert muddy water to sediment traps or sump pits before discharging it to 
the stream. If streams must be crossed, make sure all necessary materials 
and equipment are on-site before construction begins, and complete work 
quickly. Finish all disturbed surfaces to design grade and immediately 
stabilize them with permanent vegetation or other suitable means. Where 
utilities cross the stream, specify measures to prevent sedimentation. 

Perimeter protection 
Consider diversion dikes for perimeter protection for all proposed 

developments and install them where appropriate before clearing the site. 
Exercise care not to create flooding or erosion by blocking the natural 
drainage pattern. Be sure to provide an adequate outlet. 

Dust control 
Exposed soil surfaces that are nearly level have little potential for 

runoff erosion but may be subject to severe wind erosion. Keeping the 
disturbed surface moist during windy periods is an effective control 
measure, especially for construction haul roads. 

Preserving vegetation 
Preserve existing vegetation on the site as long as possible as a cost­

effective way to prevent on-site erosion and off-site sedimentation. 

Runoff Conveyance 
The safe conveyance of runoff water from a construction site is 

achieved by: utilizing and supplementing existing stable watercourses, 
designing and constructing stable open channels, or installing storm drains 
with stable outlets. The plan should indicate locations and designs for 
these facilities. Complete and stabilize outlets for channels, diversions, 
slope drains, or other structures before installing the conveyance measure. 

Contact the local Conservation Commission regarding any stream 
crossing or other work conducted in a wetland resource area. The 
Massachusetts Wetland Protection Act requires that the proponent file a 
"Request for Determination of Applicability" or "Notice of Intent." 
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Existing watercourses 
When using existing watercourses, either show that flow velocities 

are acceptable for increased runoff conditions or indicate how necessary 
stabilization will be achieved. 

Excavated channels 
When channels are to be excavated, the design should be 

prepared by a professional engineer. Include calculations in the plan 
documentation. • 

Wide, shallow channels with established grass linings are usually 
stable on slopes up to 5%. These channels must be protected with 
temporary liners until grass is established. If channel gradients are too 
steep to use vegetation, riprap or concrete linings may be required. In 
some instances grade stabilization structures may be needed. 

Storm drains 
Where the site plan calls for a system of storm drains, the drains may 

be used effectively in the erosion and sedimentation control plan. Build 
junction boxes or inlets early in the construction sequence, and grade the 
adjacent area to drain toward the inlet. Install an inlet protection device 
at all open pipe inlets and excavate a shallow basin in the approach to the 
inlet for sediment storage. 

The storm drain flow from the protected inlets may be diverted to a 
sediment basin for additional sediment control. Restrict the drainage area 
for inlets to less than one acre. Inspect inlet protection devices frequently 
for needed maintenance. 

Stream Protection 
Streambanks, streambeds, and adjoining areas are susceptible 

to severe erosion if not protected. Include sufficient detail to show 
that streams are stable for the increased velocities expected from the 
development activity. At a minimum, all streams should be stable for flows 
from the peak runoff from the 10-year storm. 

Contact the local Conservation Commission regarding any stream 
crossing or other work conducted in a wetland resource area. The 
Massachusetts Wetland Protection Act requires that the proponent file a 
"Request for Determination of Applicability" or "Notice of Intent." 

When stability analysis shows that the stream requires protection, 
vegetation is usually the preferred approach because it maintains the 
stream nearest to its natural state. When flow velocities approach 4-6 feet 
per second, or if frequent periods of bankful flows are expected; structural 
measures such as riprap lining or grade stabilization structures are 
usually necessary. In the plan, show where stream protection is needed 
and how it will be accomplished. 
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Runoff into stream 
Only sediment-free runoff may be discharged from construction sites 

directly into streams. Ensure that all other flows enter from desilting pools 
formed by sediment traps or barriers. 

Velocity control 
Keep the velocity of flow discharged into a stream within acceptable 

limits for site conditions. Control velocity by installing an appropriate 
outlet structure. 

Buffer zone 
Areas adjoining streams should be left undisturbed as buffers. Existing 

vegetation, if dense and vigorous, will reduce flow velocities and trap 
sediment from sheet flow. However, the principal benefit of leaving natural 
buffer zones along streams is that they prevent excessive erosion in these 
sensitive areas. Maintaining stream canopies also protects fish and wildlife 
habitats; provides shade, windbreaks, and noise barriers, protects the 
bank from out-of-bank flood flows; and generally preserves natural site 
aesthetics. 

Indicate stream buffer zones in plans that involve natural streams. The 
width is determined by site conditions but generally should not be less 
than 25 feet on each side of the stream. If natural buffers are not available, 
provide artificial buffers. 

Off-site stream protection 
Increased rate and volume of runoff from development activities may 

cause serious erosion at points some distance downstream. The developer 
should work with downstream property owners to stabilize sensitive 
downstream channel areas. 

Stream crossing 
Minimize the number of stream crossings. Construct crossings during 

dry periods. If necessary, divert water during construction. The plan 
should show the type of crossing to be used and the associated control 
measures to minimize erosion from surface runoff such as diversions, 
outlet structures, riprap stabilization, etc. 

Construction Scheduling 
Appropriate sequencing of construction activities is an effective 

means for controlling erosion and sedimentation. Use the construction 
schedule of the general contract as part of the erosion and sedimentation 
control plan. Install the primary erosion and sedimentation control 
practices for the site, i.e. sediment basins and traps, and a water 
conveyance system before undertaking major land-disturbing activities. 
Schedule work with an eye to the calendar, to minimize impacts due to 
seasonal changes. 

Install sediment basins and primary sedimentation control practices 
as the first structural measures. Next install the overall water disposal 
outlet system for the site. 
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Stabilize all construction access routes, including construction 
entrances and exits, and the road drainage system, as the roads are 
constructed. Install storm drains early in the construction sequence and 
include them in the sedimentation control plan. Install inlet protection 
devices for efficient sediment control around the inlets. This allows early 
use of the inlets and the drain system. 
· Install diversions above areas to be disturbed and, where needed, 
along boundaries of areas to be graded before grading takes place. 

After all principal erosion and sedimentation control measures are 
in place, perform the land clearing and rough grading. Clear areas only 
as needed and complete final grading and surface stabilization as soon 
as possible. Minimize the time of exposure and select temporary ground 
cover according to the location and season. Temporary surfaces should 
be stabilized as soon as active grading is suspended, regardless of the 
time of year. Disturbed areas should be revegetated early enough in the 
autumn that good cover is established before cold weather comes. 

Inspection and Maintenance 
In the erosion and sedimentation control plan, indicate who 

is responsible for maintenance and when it will be provided. The 
maintenance schedule should be based on site conditions, design 
safeguards, construction sequence and anticipated weather conditions. 
Specify the amount of allowable sediment accumulation, design cross­
section, and, required freeboard for each practice and what will be done 
with the sediment removed. The plans should also state when temporary 
practices will be removed and how these.areas and waste disposal areas 
will be stabilized. 
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An on-site preconstruction meeting involving the owner, contractor, 
and erosion control personnel is recommended. This allows all parties 
to meet, review the plans and construction schedule, and agree on 
responsibility and degree of control expected. Discuss maintenance 
requirements, phasing of operations, and plan revisions. The 
preconstruction meeting is especially important for large, complex jobs or 
when the contractor and/or developer has had little experience in this type 
of work. 

During Construction 
The developer may be 

held responsible for off-site 
sediment damage resulting 
from construction activities 
even though an approved plan 
has been properly installed 
and maintained. Therefore, 
inspect the property boundary 
frequently for evidence of 
sedimentation. 

It may be necessary to 
modify the erosion and sediment 
control plan during construction 
to account for unanticipated 
events or construction changes. 

Erosion and Sediment Control Guidelines 



Principles and Planning 37 

After Construction 
Items to consider after construction is completed include permanent 

stabilization once activities have ceased, removal of temporary structural 
measures, final inspection, and maintenance of permanent structures. 

Lobdell, Raymond, A Guide to Developing and Re-Developing Shore/and 
Property in New Hampshire, North Country Resource Conservation and 
Development Area, Inc., Meredith, NH, 1994. 

Massachusetts Department of Environmental Protection, Office of 
Watershed Management, Nonpoint Source Program, Massachusetts 
Nonpoint Source Management Manual, Boston, Massachusetts, June, 1993. 

Minnesota Pollution Control Agency, Division of Water Quality, Protecting 
Water Quality in Urban Areas. Best Management Practices for Minnesota, 
___ , MN, October, 1989. 

Minnick, E. L., and H. T. Marshall, Storm water Manageement and Erosion 
Control for Urban and Developing Areas in New Hampshire, Rockingham 
County Conservation District, August 1992. 

North Carolina Sediment Control Commission, Erosion and Sediment 
Control Planning and Design Manual, Raleigh, NC, September, 1988. 

Schueler, Thomas R., Controlling. Urban Runoff· A Practical Manual for 
Planning and Designing Urban BMPs, Metropolitan Washington Council of 
Governments, Washington, DC, July, 1987. 

Southern New England Chapter, Soil Conservation Society of America, 
Recommendations for Erosion and Sediment Control During Land Use 
Change, January, 1978. 

Tourbier, J., and R. Westmacott, Water Resources Center, University of 
Deleware, Water Resources Protection Measures in Land Development- A 
Handbook, Newark, Del., April, 1974. 

U.S. Environmental Protection Agency, Guidance Specifying Management 
Measures For Sources Of Nonpoint Pollution In Coastal Waters, EPA-840-B-92-
002, Washington, DC, January, 1993. 

Washington State Department of Ecology, Stormwater Management Manual 
for the Puget Sound Basin. Olympia, WA, February, 1992. 
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On any construction site the objective in erosion and sediment 
control is to prevent off-site sedimentation damage. Four basic methods 
are used to control erosion on construction sites: planning, soil 
stabilization, runoff ~ontrol and sediment control. Careful site analysis, 
planning and scheduling can reduce the need to utilize stabilization and 
control practices, and, thereby, reduce the cost of implementing these 

Identify Control Problem 
Controlling erosion should be the first line of defense. Controlling 

erosion is very effective for small disturbed areas such as single lots or 
small areas of a development that do not drain to a sediment-trapping 
facility. Where soil properties and topography of the site make the 
design of sediment trapping facilities impractical, runoff control and soil 
stabilization should be used. 

Sediment trapping facilities should be used on large developments 
where mass grading is planned, where it is impossible or impractical 
to control erosion, and where sediment particles are relatively large. A 
combination of erosion control and sedimentation control measures is 
usually the least expensive way to accomplish erosion and sediment 
.control. 

Identify Problem Areas 
Areas where erosion is to be controlled usually involve slopes, graded 

· areas or drainage ways. Slopes include graded rights-of-way, stockpile 
areas, and all cut or fill slopes. Graded areas include all stripped areas 
other than slopes. Drainage ways are areas where concentrations of water 
flow naturally or artificially. Problem areas that need sediment control can 
be either large or small. 

Identify Required Strategy 
Select the strategy to solve the problem. Strategies can utilize an 

individual practice or a combination of practices. For example, if there 
is a cut slope to be protected from erosion, the strategies may be to 
protect the ground surface, divert water from the slope or shorten it. Any 
combination of the above can be used. If no rainfall except that which 
falls on the slope has the potential to cause erosion, and if the slope is 
relatively short, protecting the soil surface may be all that is required to 
solve the problem. 
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Select Specific Control Measures 
The tables on the following pages are guides for selecting erosion and 

sediment control practices. This material can be used by either designers 
and developers or by plan review agencies. 

The practices chosen for a site will often vary from one individual 
to another, depending on individual judgement and preference, past 
experience with a conservation practice, and the practices' suitability for 
a particular site. Persons reviewing an erosion and sedimentation control 
plan should not expect to find one set of "predetermined practices" 
used. The reviewer can, however, refer to these tables: (a) as an aid in 
recognizing potential problem areas that may exist at a site, and (b) for 
guidance to see if the developer and designer have addressed the potential 
problems. 

Site Preparation 

Surface Stabilization 

Runoff Control 

Runoff Conveyance 

Other 

RECOMMENDED PRACTICES 

Preserving Natural Vegetation 
Construction Entrance 

Construction Road Stabilization 

Filter Berm 

Temporary Seeding 
Mulching 
Rip rap 

Temporary Diversions 
Water Bars 
Sump Pit 

Grassed Waterway (Slopes up to 5%) 
Lined Waterway 
Temporary Slope Drain 
Paved Flume ·· 
Vegetated Swale 
Inlet Protection 
Outlet Protection and Stabilization 

Dust Control 

(Note: The structural practices listed above are suitable for slopes of up to 12%, 
except as noted. Steeper slopes usually need special consideration.) 
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Site Preparation 

Surface Stabilization 

Runoff Control 

Outlet Protection 

Runoff Conveyance 

Sediment Traps and Barriers 

Other 

ITEM 

Surface Stabilization 

Runoff Control 

Sediment Traps and Barriers 

Other 

Erosion and Sediment Control Guidelines 
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RECOMMENDED PRACTICES 

Preserving Natural Vegetation 
Construction Entrance 
Land Grading 

Surface roughening 
Terrace 
Topsoiling 
Temporary Seeding 
Permanent Seeding 
Mulching 
Riprap 

Temporary Diversion 
Permanent Diversion 
Terrace 
Water Bar 
Sump Pit 

Outlet Protection and Stabilization 
Level Spreader 

See Storm Runoff sheet 

See Sediment Control sheet 

Dust Control 

RECOMMENDED PRACTICES 

Surface roughening 
Topsoiling 
Temporary Seeding 
Permanent Seeding 
Trees and Shrub Planting 
Mulching 

Temporary Diversion 

Sediment Trap 
Sediment Fence 
Dust Control 
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ITEM 

Runoff Control 

Runoff Conveyance 

Outlet Protection 

Surface Stabilization 

41 

RECOMMENDED PRACTICES 

Temporary Diversion 
Permanent Diversion 
Water Bar 
Buffer Zone 

Riprap-lined Channel 
Lined Waterway 
Temporary Slope Drain 
Paved Flume 

Outlet Protection and Stabilization 
Level Spreader 

Slope Stabilization 
Tops oiling 
Surface Roughening 
Temporary Seeding 
Permanent Seeding 
Mulching 
Riprap 
Tree and Shrub Planting 

major land disturbance begins) 

RECOMMENDED PRACTICES 

Disturbed areas of less than 2 acres 

Disturbed areas, 2-5 acres 

Disturbed areas of more than 5 acres 

Other 

Sediment Trap 
Sediment Fence 
Filter Berm 
Brush Barrier (Drainage area up to \4 acre) 

Filter Strip 
Straw or Hay Bale Barrier 
Silt Curtain 

Sediment Trap 
Sediment Basin 
Filter Strip 
Rock Dam 
Silt curtain 

Sediment Basin 
Rock Dam 
Silt Curtain 

Dust Control 
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ITEM 
Drainage area less than 20 acres 
Runoff Control 

Runoff Conveyance 

Outlet Protection 

Drainage area more than 20 acres 

Best lvlanagement Practices 

RECOMMENDED PRACTICES 

Temporary Diversion 
Permanent Diversion 
Water Bar 

Grassed Waterway (Slopes up to 5%) 

Vegetated Swale 
Lined waterway 
Riprap-lined Channel 
Temporary Slope Drain 
Paved Flume 
Inlet Protection 

Level Spreader (Drainage up to 5 acres) 

Outlet Protection and Stabilization 

Same as above, except in addition, the designer would normally perform 
hydrologic and hydraulic calculations showing that runoff, during and 
after construction of the project, would comply with permitting agency 
requirements. 

ITEM 

Design velocity 
less than 6 feet per second 

Design velocity 
more than 6 feet per second 

RECOMMENDED PRACTICES 

Vegetative Methods 
Soil Bioengineering Methods 
Structural Methods 

Soil Bioengineering Methods 
Structural Methods 

(Note: Contact the local Conservation Commission regarding any work conducted 
in what may be a wetland resource area. The Massachusetts Wetland Protection 
Act requires that the proponent file a "Request for Determination of Applicability" 
or "Notice of Intent.") 
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ITEM 
Temporary 

To move equipment 

Surface Stabilization 

Permanent 

Vehicular traffic, To move Equipment 

43 

RECOMMENDED PRACTICES 

Stream Crossing, Temporary 

Temporary Seeding 
Mulching 
Riprap 

Permanent Stream Crossing; e.g. 
Bridge or Culvert 

Surface Stabilization Permanent Seeding 
Mulching 
Rip rap 

(Note: Contact the local Conservation Commission regarding any work 
conducted in what may be a wetland resource area. The Massachusetts Wetland 
Protection Act requires that the proponent file a "Request for Determination of 
Applicability" or "Notice of Intent.'') 

Surface Stabilization 

Runoff Control 

Sediment Control 

Other 

Surface Roughening 
Topsoiling 
Temporary Seeding 
Permanent Seeding 
Mulching 
Tree and Shrub Planting 

Temporary Diversion 
Water Bar 
Sump Pit 

Sediment Trap 
Sediment Fence 
Filter Strip 

Construction Road Stabilization 
Dust Control 
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Seepage areas or high water table 

Unstable temporary channels 

Unstable permanent channels 

Blowing dust or sand 

Dune reinforcement and stabilization 

Best Management Practices 

RECOMMENDED PRACTICES 

Subsurface Drainage 
Sump Pit 

CheckDam. 
Riprap-lined Channel 

Riprap-lined Channel 
Lined Waterway 
Grade Stabilization Structure 

Dust Control 
Sand Fence 

Sand Dune and Sandblow 
Stabilization 
Sand Fence 

(Note: Contact the local Conservation Commission regarding any work conducted 
in what may be a wetland resource area. The Massachusetts Wetland Protection 
Act requires that the proponent file a "Request for Determination of Applicability" 
or "Notice of Intent.") 

Surface Stabilization 

Runoff Control 

Runoff Conveyance 

Outlet Protection 

Inlet Protection 

RECOMMENDED PRACTICES 

Surface roughening 
Terrace 
Topsoiling 
Permanent Seeding 
Sodding 
Trees and Shrub Planting 
Mulching 
Rip rap 

Permanent Diversion 

Grassed Waterway 
Vegetated Swale 
Lined Waterway 
Riprap-lined Channel 
Paved Flume 

Level Spreader 
Outlet Protection and Stabilization 
Sod Drop Inlet Protection, or 
permanent paving 
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Connecticut Council on Soil and Water Conservation, Connecticut 
Guidelines for Soil Erosion and Sediment Control, Hartford, CT, January, 
1985. 

New York Guidelines for Urban Erosion and Sediment Control, March 
1988. 

North Carolina Sediment Control Commission, Erosion and Sediment 
Control Planning and Design Manual. Raleigh, NC, September, 1988. 
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A temporary sediment barrier constructed at the perimeter of 
a disturbed area, using residue materials available from clearing and 
grubbing on-site. 

Used to intercept and retain sediment from limited disturbed areas. 

Where Practice Applies 
Below disturbed areas of less than one quarter acre that are subject 

to sheet and rill erosion, where enough residue material is available for 
construction of such a barrier. Note: This does not replace a sediment trap 
or pond. 

Advantages 
.,. Brush barriers can often be constructed using materials found on-site. 

Planning Considerations 
Organic litter and spoil material from site clearing operations is 

usually hauled away to be disposed of elsewhere. Much of this material 
can be used effectively on the construction site itself. During clearing and 
grubbing operations, equipment can push or dump the mixture of limbs, 
small vegetation, and root mat along with minor amounts of soil and rock 
into windrows along the toe of a slope where erosion and accelerated 
runoff are expected. 

Because brush barriers are fairly stable and composed of natural 
materials, maintenance requirements are small. Material containing large 
amounts of wood chips should not be used because of the potential for 
leaching from the chips. 

Design Recommendations 
Height - 3 feet maximum. 
Width- 5 to 15 feet at base. 
Filter fabric anchored over the berm will enhance its filtration 

capacity. 

Maintenance 
Brush barriers generally require little maintenance. Heavy deposits of 

sediment may need removal. Occasionally, tearing of the filter fabric may 
occur. 

When the barrier is no longer needed the fabric can be removed to 
allow natural establishment of vegetation within the barrier. The barrier 
will rot over time. 
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An undisturbed area or strip of natural vegetation or an established 
suitable planting that will provide a living filter to reduce soil erosion and 

velocities. 

Where Practice Applies 
Natural buffer zones are used along streams and other bodies of 

water that need protection from erosion and sedimentation. Vegetative 
zones can be used to protect natural swales and incorporated into 
landscaping of an area. 

Buffer zones provide critical habitat adjacent to streams and 
wetlands, as well as assist in controlling erosion, especially on unstable 
steep slopes. Buffers along streams and other water bodies also provide 

corridors, a protected area where wildlife can move from one 
place to another . 
.,. Buffer zones act as a visibility and noise screen, and provide 

aesthetic benefits. 
""' Low maintenance requirements. 

Low cost when using existing vegetation. 

isadvantages/Problems 
Extensive buffers will increase development costs . 

..... u .... u''J"o. Considerations 
Preserving natural vegetation or plantings in clumps, blocks, or strips 

generally the easiest and most successful method . 
.,. Establishing new buffer strips requires the establishment of a good 

turf, trees, and shrubs. Careful maintenance is important to 
ensure healthy vegetation. The need for routine maintenance such as 
mowing, fertilizing, liming, irrigating, pruning, and weed and pest control 
will depend on the species of plants and trees involved, soil types, and 
climatic conditions. 
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,. Leave all unstable steep slopes in natural vegetation. 
"" Fence or flag clearing limits and keep all equipment and construction 
debris out of the natural areas . 
.,. Keep all excavations outside the dripline of trees and shrubs . 
.,. Do not push debris or extra soil into the buffer zone area because it will 
cause damage from burying and smothering. 

U. S. Environmental Protection Agency, Storm Water Management For 
Construction Activities. EPA-832-R- 92-005, Washington, DC, September, 1992. 
Washington State Department of Ecology, Stormwater Management Manual 
for the Puget Sound Basin. Olympia, WA, February, 1992. 

A check dam is a small dam constructed across a drainage ditch, 
swale, or channel to lower the speed of flow. Reduced runoff speed reduces 
erosion and gullying in the channel and allows sediments to settle out. 

A check dam may be built from stone, sandbags filled with pea gravel, 
or logs. 

Purpose 
To reduce flow velocity: reducing erosion of the swale or ditch, and 

allowing retention of sediments. 

Where Practice Applies 
Where temporary channels or permanent channels are not yet 

vegetated, channel lining is infeasible and velocity checks are required. 
This practice may be used as a temporary or emergency measure to 

limit erosion by reducing flow in small open channels. 
This practice should be used with drainage areas of 2 acres or less. 
Check dams may be used: 

To reduce flow in small temporary channels that are presently 
undergoing degradation, 
,. Where permanent stabilization is impractical due to the temporary 
nature of the problem, and 
.,. To reduce flow in small eroding channels where construction delays or 
weather conditions prevent timely installation of non-erosive liners. 
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Advantages 
Inexpensive and easy to instalL 

.,. Reduce velocity and may provide aeration of the water. 
;,. Check dams not only prevent gully erosion from occurring before 
vegetation is established, but also cause a high proportion of the sediment 
load in runoff to settle out . 
.,. In some cases, if carefully located and designed, these check dams 
can remain as permanent installations with very minor regrading, etc. 
They may be left as either spillways, in which case accumulated sediment 
would be graded and seeded, or as check dams to capture further 
sediment coming off that site. 

Disadvantages/Problems 
Do Because of their temporary nature, many of these measures are 
unsightly, and they should be removed or converted to permanent check 
dams before dwelling units are rented or sold . 
.,. Removal may be a significant cost depending on the type of check dam 
installed . 
.,. Check dams are only suitable for a limited drainage area . 
.,. May kill grass linings in channels if the water level remains high after 
rainstorms or if there is significant sedimentation . 
.,. Reduce the hydraulic capacity of the channeL 
.,. May create turbulence which erodes the channel banks . 
.,. Clogging by leaves in the fall may be a problem. 

Planning Considerations 
Check dams are usually made of stone. The center section must be 

lower than the edges. 
The dams should be spaced so that the toe of the upstream dam is at 

the same elevation as the top of the downstream dam. 
Ensure that overflow areas along the channel are resistant to erosion 

from out-of-bank flow caused by the check dams. 
Check dams can also be constructed of logs, or pea gravel filled 

sandbags. Log check dams may be more economical from the standpoint 
of material costs, since logs can often be salvaged from clearing 
operations. However, log check dams require more time and hand labor 
to install. Stone for check dams must generally be purchased. This cost is 
offset somewhat by the ease of installation. 

If stone check dams are used in grass-lined channels which will be 
mowed, care should be taken to remove all the stone from the channel 
when the dam is removed. This should include any stone which has 
washed downstream. 

Since log check dams are embedded in the soil, their removal will 
result in more disturbance of the soil than will removal of stone check 
dams. Consequently, extra care should be taken to stabilize the area when 
log dams are used in permanent ditches or swales. 
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Design & Construction Recommendations 
Check dams can be constructed of rock, sand bags filled with pea­

gravel, or logs. Provide a sump immediately upstream. 
The maximum spacing between the dams should be such that the toe 

of the upstream dam is at the same elevation as the top of the downstream 
dam. 

The rock must be placed by hand or mechanical placement (do not 
dump rock to form dam) to achieve complete coverage of the ditch or 
swale and to ensure that the center of the dam is lower than the edges. The 
rock used must be large enough to stay in place given the expected design 
flow through the channel. 

Log check dams should be constructed of 4 to 6-inch diameter logs 
embedded into the soil at least 18 inches. 

In the case of grass-lined ditches and swales, check dams shall be 
removed when the grass has matured sufficiently to protect the ditch or 
swale unless the slope of the swale is greater than 4 percent. The area 
beneath the check dams shall be seeded and mulched immediately after 
dam removal. 

Common Trouble Points 
Stone displaced from face of dam 
Stone size too small and/or face too steep. 

Erosion downstream from dam 
Provide stone-lined apron. 

Erosion of abutments during high flow 
Rock abutment height inadequate. 

Sediment loss through dam 
Inadequate layer of aggregate on inside face or aggregate too coarse to 
restrict flow through dam. 

Maintenance 
.,. Inspect after each rainfall event. 
"" Remove sediment accumulations . 
.,. Check structure and abutments for erosion, piping, or rock 
displacement. Repair immediately . 
.,.. Remove check dam after the contributing drainage area has been 
permanently stabilized. Smooth site to blend with surrounding area and 
stabilize according to vegetation plan. 
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Massachusetts Department of Environmental Protection, Office of 
Watershed Management, Nonpoint Source Program, Massachusetts 
Nonpoint Source Management Manual, Boston, Massachusetts, June, 
1993. 

U.S. Environmental Protection Agency, Storm '*rter Management For 
Construction Activities, EPA-832-R-92-005, Washington, DC, September, 
1992. 

Washington State Department of Ecology, Stormwa(er Management 
Manual lor the Paget Sound Basin, Olympia, WA, February, 1992. 

A temporary sHmt:~staomz:ea • .., ....... ~ ........ at points of vehicular 
ingress and egress on a construction site. 

Purpose 
To provide a stable entrance and exit from a construction site and 

keep mud and sediment off public roads. 

Where Practice Applies 
Whenever traffic will be leaving a construction site and moving 

directly onto a public road or other paved areas. 

Advantages 
.,. Mud on vehicle tires is significantly reduced which avoids hazards 
caused by depositing mud on the public roadway . 
.,. Sediment, which is otherwise contained on the construction site, 
does not enter stormwater runoff elsewhere. 

Disadvantages 
Effective only if installed at every location where traffic leaves 

and enters the site. 

Planning Considerations 
Avoid locating at curves in public roads or on steep slopes. 
Construction entrances provide an area where mud can be 

removed from vehicle tires before they enter a public road. If the 
action of the vehicle traveling over the gravel pad is not sufficient to 
remove the majority of the mud, then the tires must be washed before 
the vehicle enters a public road. 
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If washing is used, provisions must be made to intercept the wash 
water and trap the sediment before it is carried off-site. Construction 
entrances should be used in conjunction with the stabilization of 
construction roacls to reduce the amount of mud picked up by vehicles. 

This practice will only be effective if sediment control is used 
throughout the rest of the construction site. 

Design Recommendations 
"" Remove all vegetation and other objectionable material from the 
foundation area. Grade and crown foundation for positive drainage . 
.,. Stone for a stabilized construction entrance shall be 1 to 3-inch stone, 
reclaimed stone, or recycled concrete equivalent placed on a stable 
foundation as specified in the plan . 
.,. Pad dimensions: The minimum length of the gravel pad should be 50 
feet, except for a single residential lot where a 30 foot minimum length 
may be used. Longer entrances will provide better cleaning action. The 
pad should extend the full width of the construction access road or 10 feet 
whichever is greater. The aggregate shou~d be placed at least six inches 
thick. 
.,. A geotextile filter fabric shall be placed between the stone fill and 
the earth surface below the pad to reduce the migration of soil particles 
from the underlying soil into the stone and vice versa. Filter cloth is not 
required for a single family residence lot . 
.,. If the slope toward the road exceeds 2%, construct a ridge, 6 to 8 inches 
high with 3:1 side slopes, across the foundation approximately 15ft from 
the entrance to divert runoff away from the public road . 
.,. All surface water that is flowing to or diverted toward the construction 
entrance should be piped beneath the entrance. If piping is impractical, a 
berm with 5:1 slopes that can be crossed by vehicles may be substituted 
for the pipe . 
.,. Washing: If the site conditions are such that the majority of mud is not 
removed from the vehicle tires by the gravel pad, then the tires should be 
washed before the vehicle enters the road or street. The wash area should 
be a level area with 3-inch washed stone minimum, or a commercial rack. 
.,. Wash water should be directed into a sediment trap, a vegetated filter 
strip, or other approved sediment trapping device. Sediment should be 
prevented from entering any watercourses. 
"" A filter fabric fence should be installed down-gradient from the 
construction entrance in order to contain any sediment-laden runoff from 
the entrance. 
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Common Trouble Points 
Inadequate runoff control 
Sediment washes onto public road. 

Stone too small, pad too thin, or geotextile fabric absent 
Results in muddy condition as stone is pressed into soil. 

Pad too short for heavy construction traffic 
Extend pad beyond the minimum 50-ft length as necessary. 

Pad not flared sufficiently at road entrance 
Results in mud being tracked onto road and possible damage to road 
edge. 

Unstable foundation 
Use geotextile fabric under pad and/or improve foundation drainage. 

Maintenance 

53 

.,. The entrance should be maintained in a condition that will prevent 
tracking or flowing of sediment onto public rights-of-way. This may require 
periodic topdressing with additional stone. 
"" Inspect entrance/exit pad and sediment disposal area weekly and after 
heavy rains or heavy use. 
"" Remove mud and sediment tracked or washed onto public road 
immediately. 
"" Mud and soil particles will eventually clog the voids in the gravel 
and the effectiveness of the gravel pad will not be satisfactory. When 
this occurs, the pad should be topdressed with new stone. Complete 
replacement of the pad may be necessary when the pad becomes 
completely clogged . 
.,. If washing facilities are used, the sediment traps should be cleaned 
out as often as necessary to assure that adequate trapping efficiency and 
storage volume is available. Vegetative filter strips should be maintained 
to insure a vigorous stand of vegetation at all times . 
.,. Reshape pad as needed for drainage and runoff control. 
.,. Repair any broken road pavement immediately. 
,. All temporary erosion and sediment control measures shall be 
removed within 30 days after final site stabilization is achieved or after 
the temporary practices are no longer needed. Trapped sediment shall be 
removed or stabilized on site. Disturbed soil areas resulting from removal 
shall be permanently stabilized. 
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Minnick, E. L., and H. T. Marshall, Stormwater Mancwement and Erosion 
Control for Urban and Developing Areas in New Hampshire, Rockingham 
County Conservation District, August 1992. 

North Carolina Department of Environment, Health, and Natural Resources, 
Erosion and Sediment Control Field Manual, Raleigh, NC; February 1991. 

U.S. Environmental Protection Agency, Storm Water Mancwement For 
Construction Activities EPA-832-R-92-005, Washington, DC, September, 1992. 

Washington State Department of Ecology, Stormwater Mancwement Manual 
for the Puget Sound Basin, Olympia, WA, February, 1992. 

of temporary construction access routes, on-site vehicle 
transportation routes, and construction parking areas to control erosion 

Where Practice Applies 
All traffic routes and parking areas for temporary use by construction 

traffic. 

Advantages 
.,.. Proper grading and stabilization of construction roads and parking 
areas reduces erosion and prevents dust problems . 
.,., Road stabilization can significantly speed on-site work, avoid instances 
of immobilized machinery and delivery vehicles, and generally improve 
site efficiency and working conditions during adverse weather. 

Disadvantages/Problems 
.,. Measures on temporary roads must be cheap not only to install but 
also to demolish if they interfere with the eventual surface treatment of the 
area. 
"" May require maintenance to replace aggregate or repair ruts. 

Planning Considerations 
"" Avoid steep slopes, excessively wet areas, and highly erodible soils. 

Controlling surface runoff from the road surface and adjoining area is 
a key erosion control consideration. Provide surface drainage and divert 
excess runoff to stable areas. 
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.,. Areas which are graded for construction vehicle transport and parking 
purposes are especially susceptible to erosion. The exposed soil surface is 
continually disturbed, leaving no opportunity for vegetative stabilization. 
Such areas also tend to collect and transport runoff waters along their .· 
surfaces. During wet weather, they often become muddy quagmires 
which generate significant quantities of sediment that may pollute nearby 
streams or be transported off-site on the wheels of construction vehicles. 
Dirt roads can become so unstable during wet "'eather that they are 
virtually unusable . 
.,. Immediate stabilization of such areas with stone may cost money at 
the outset, but it may actually save money in the long run by increasing 
the usefulness of the road during wet weather. 
.... Permanent roads and parking areas should be paved as soon as 
possible after grading. As an alternative, the early application of stone 
may solve potential erosion and stability problems and eliminate later 
regrading costs. Some of the stone. will also probably remain in place for 
use as part of the final base course of the road. 

Design Recommendations 
.,. A 6-inch course of 2 to 4-inch crushed rock, gavel base, or crushed 
surfacing base course should be applied immediately after grading or the 
completion of utility installation within the right-of-way. A 4-inch course 
of asphalt-treated base may be used in lieu of the crushed rock, or as 
advised by the local government . 
.,. Temporary roads should follow the contour of the natural terrain 
to the maximum extent possible. Slope should not exceed 15 percent. 
Roadways should be carefully graded to drain transversely. Provide 
drainage swales on each side of the roadway in the case of a crowned 
section,· or one side in the case of a super-elevated section . 
.,. Drain inlets should be protected to prevent sediment-laden water 
entering . 
.,. Areas adjacent to culvert crossings and steep slopes should be seeded 
and mulched. 

Dust control should be used when necessary. 

Maintenance 
.,. Inspect stabilized areas regularly, especially after large storm events. 
Add crushed rock if necessary and restabilize any areas found to be 
eroding. 

All temporary erosion and sediment control measures should be 
removed within 30 days after final site stabilization is achieved or after the 
temporary practices are no longer needed . 
.,. Trapped sediment should be removed or stabilized on site. Disturbed 
soil areas resulting from removal should be permanently stabilized. 
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Massachusetts Department of Environmental Protection, Office of 
Watershed Management, Nonpoint Source Program, Massachusetts 
Nonpoint Source Manqement Manual. Boston, Massachusetts, June, 1993. 

U.S. Environmental Protection Agency, Storm Water Management For 
Construction Activities EPA-832-R-92-005, Washington, Dt, September, 1992. 

Washington State Department of Ecology, Stormwater Management Manual 
for the Puget Sound Basin. Olympia, WA, February, 1992. 

A permanent ridge or channel, or a combination ridge and channel, 
constructed: across sloping land; or at the top or bottom of a steep slope. 
Used to convey runoff water. 

This practice is used to reduce slope lengths, break up concentration 
of runoff, and move water to stable outlets at a non-erosive velocity. 

Where Practice Applies 
This practice applies to sites where runoff can be diverted and used 

or disposed of safely to prevent flood damage or erosion and sediment 
damage, including: 
.,. Above steep slopes to limit surface runoff onto the slope, 
.,. Across long slopes to reduce slope length to prevent gully erosion, 

Below steep grades where flooding, seepage problems, or sediment 
deposition may occur, 
,.., Around buildings or areas that are subject to damage from runoff. 

Diversions must have stable outlets. The site, slopes, and soils must 
be such that the diversion can be maintained throughout its planned life. 

Permanent diversions are not applicable below high sediment­
producing areas unless land treatment practices, or structural measures, 
designed to prevent damaging accumulations of sediment in the channels, 
are installed with or before the diversions. 

Advantages 
Diversions are among the most effective and least costly practices for 

controlling erosion and sedimentation. 
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Planning Considerations 
Permanent diversions should be planned as a part of initial site 

development. They are principally runoff control measures that subdivide 
the site into specific drainage areas. 

Permanent diversions can be installed as temporary diversions until 
the site is stabilized then completed as a permanent measure, or they can 
be installed in final form during the initial construction operation. The 
amount of sediment anticipated and the maintenance required as a result 
of construction operations will determine which approach should be 
used. 

Stabilize permanent diversions with vegetation or materials such as 
riprap; paving stone, or concrete as soon as possible after installation. 
Base the location, type of stabilization, and diversion configuration on 
final site conditions. Evaluate function, need, velocity control, outlet 
stability, and site aesthetics. When properly located, land forms such as 
landscape islands, swales or ridges can be used effectively as permanent 
diversions. 

Base the capacity of a diversion on the runoff characteristics of the 
site and the potential damage after development. Consider designing an 
emergency overflow section or bypass area to limit damage from storms 
that exceed the design storm. The overflow section may be designed as a 
weir with riprap protection. 

Design Recommendations 
Capacity 

Peak runoff values should be determined by accepted methods. 
Recommended minimum design frequencies are shown below. In all cases, 
the design storm frequency should be chosen to provide protection 
compatible with the hazard or damage that would occur if the diversion 
should overtop. 
Homes, schools, industrial buildings, etc. 50-year design frequency 

Playfields, recreation areas, similar land areas 

Permissible Flow Velocity 
Soil Texture Bare Channel 
Sand, silty sandy loam 1.5 feet/second 
Silty clay and sandy clay loam 2.0 feet/second 
Clay 2.5 feet/second 

25-year design frequency 

Vegetated Channel 
2.5 feet/second 
3.5 feet/second 
4.5 feet/second 
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Cross Section 
The channel may be parabolic or trapezoidal. It should be designed to 

have stable side slopes. 
Side slopes for permanent diversions should not be steeper than 3:1 

for maintenance purposes and preferably 4:1. In no case should side slopes 
be steeper than 1:1. 

Back slope of the ridge is not to be steeper than 2:1 and preferably 4:1. 
The ridge should include a settlement factor equal to 5 percent of its 

height. 
The minimum top width of the diversion ridge after settlement is to be 

4.0 feet at the design elevation. 
Freeboard equalling 0.5 foot minimum. 
In determining the cross section on temporary diversions, 

consideration should be given to soil type and frequency and type of 
equipment that is anticipated to be crossing the diversion. 

Grade 
Channel grade for diversions may be uniform or variable. The 

permissible velocity for the soil type and vegetative cover will determine 
maximum grade. Level diversions with blocked ends may be used, 
provided pipes of sufficient size and spacing are placed in the .embankment 
to drain· the channel after runoff stops. 

Outlets 
Diversions are to have adequate outlets which will convey runoff 

without damaging erosion. The following types of outlets are acceptable: 
Natural or constructed vegetated outlets capable of safely carrying 

the design discharge. The outlet should be established and well vegetated 
prior to construction of the diversion. 

Properly designed and constructed grade stabilization structures or 
storm sewers. 

Natural or constructed open channels which are stable and have 
adequate capacity and depth. 

A stable area having a good sod cover or a woodland area with a deep 
erosion resistant litter. The outlet end of the diversion channel should be 
flared in a manner to spread the water over a wide area at a shallow depth. 

Level Spreader 
A level lip spreader should be used at diversion outlets discharging 

onto area already stabilized by vegetation. Spreaders shall be excavated 
at least 6 inches deep into undisturbed soil. The bottom of the excavation 
and the downstream lip of edge shall be level. Minimum spreader lengths 
shall be based on the peak rate of flow from a 1 0-year frequency storm. 
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Diversion Dikes 
Diversion dikes should be used to divert runoff for temporary 

or permanent protection of cut or fill slopes. Diverted runoff must be 
discharged onto a stabilized area or through a slope-protection structure. 
Recommended criteria: 
.,. Drainage area - 5 acres or less . 
.,. Top width - 2 feet minimum . 
.,. Height (compacted fill)- 18 inches unless otherwise noted on the 
plans. (Height measured from the upslope toe to top of the dike.) 
,. Side slopes- 2:1 or flatter. 
,. Grade- dependent upon topography, but must have positive drainage 
to the outlet; may require vegetative or mechanical stabilization where 
grades are excessive. 

Protection Against Sediment 
Temporary diversions- None required. 
Permanent diversions- As a minimum, a filter strip of close growing 

grass should be maintained above the channel. The width of the filter, 
measured from the center of the channel, should be one-half the channel 
width plus 15 feet. 

The diversion ridge and channel should be vegetated to prevent 
erosion. 

Small eroded areas and sediment-producing channels draining into 
the diversion should be shaped and seeded prior to or at the time the 
diversion is constructed. 

Construction Recommendations 
All trees, brush, stumps, and other objectionable material should be 

removed so they will not interfere with construction or proper functioning 
of the diversion. 

All ditches or gullies which must be crossed should be filled and 
compacted prior to or as part of the construction. 

Fence rows and other obstructions that will interfere with 
construction or the successful operation of the diversion should be 
removed. 

The base for the diversion ridge should be prepared so that a 
good bond is obtained between the original ground and the placed fill. 
Vegetation should be removed and the base thoroughly disked before 
placement of the fill. 
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Vegetation 
Diversions should be vegetated as soon after construction as 

practical. Give consideration to jute matting, excelsior matting, or sodding 
of channel to provide erosion protection. 

Seeding, fertilizing, mulching, and sodding should be in accord with 
applicable vegetative standards for permanent cover. See Permanent 
Seeding. 

One-half to one bushel of oats should be added to ,the basic mixture 
for quick cover and to help anchor the mulch. 

Very moist channels are often best vegetated by working rootstocks of 
reed canarygrass into the seedbed. 

When soil conditions are unfavorable for vegetation (such as very 
coarse-textured subsoil material), topsoil should be spread to a depth of 4 
inches or more on at least the center half of parabolic shaped channels or 
on the entire bottom of trapezoidal shaped channels. 

Seeded channels should be mulched. For critical sections of large 
channels, and for steep channels, the mulch should be anchored by cutting 
it lightly into the soil surface, or by covering with paper twine fabric or 
equivalent material; or jute netting should be used. 

Maintenance 
If no sediment protection is provided on temporary diversions, 

periodic cleanout will probably be required. 

Massachusetts Department of Environmental Protection, Office of 
Watershed Management, Nonpoint Source Program, Massachusetts 
Nonpoint Source Management Manual. Boston, Massachusetts, June, 1993. 

North Carolina Department of Environment, Health, and Natural Resources, 
Erosion andSediment Control Field Manual, Raleigh, NC, February 1991. 

North Carolina Sediment Control Commi$Sion, Erosion and Sediment 
Control Planning and Design Manual. Raleigh, NC, September, 1988. 

A permanent ridge or channel, or a combination ridge and channel, 
constructed: across sloping land; or at the top or bottom of a steep slope. 
Used to convey runoff water. 
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Purpose 
.,. To reduce slope lengths, break up concentration of runoff, and move 
water to stable outlets at a non-erosive velocity . 
.,. To protect work areas from upslope runoff . 
.,. To divert sediment-laden water to an appropriate sediment-trapping 
facility. 

Where Practice Applies 
This practice applies to construction areas where runoff can be 

diverted and disposed of properly to control erosion, sedimentation, or 
flood damage. Specific locations and conditions include: 
.,. Above disturbed existing slopes, and above cut or fill slopes to 
prevent runoff over the slope; 
.,. Across unprotected slopes, as slope breaks, to reduce slope length; 
,. Below slopes to divert excess runoff to stabilized outlets; 
.,. Where needed to divert sediment-laden water to sediment traps; 
.,.. At or near the perimeter of the construction area to keep sediment 
from leaving the site; 
,. Above disturbed areas before stabilization to prevent erosion and 
maintain acceptable working conditions. 
,. Where active construction activities make the use of a permanent 
diversion unfeasible. 

Temporary diversions may also serve as sediment traps when the 
site has been overexcavated on a flat grade. They may also be used in 
conjunction with a sediment fence. 

Advantages 
Diversions are among the most effective and least costly practices for 

controlling erosion and sedimentation. 

Planning Considerations 
A temporary diversion is intended to divert overland sheet flow to 

a stabilized outlet or a sediment trapping facility during establishment of 
permanent stabilization on a sloping disturbed area. When used at the top 
of a slope, the structure protects exposed slopes by keeping upland runoff 
away. When used at the base of a slope, the structure protects adjacent 
and downstream areas by diverting sediment-laden runoff to a sediment 
trapping facility. 

If the diversion is going to remain in place for longer than 15 days, it 
should be stabilized with temporary or permanent vegetation. 

It is important that diversions are properly designed, constructed 
and maintained since they concentrate water flow and increase erosion 
potential. Particular care must be taken in planning diversion grades. Too 
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much slope can result in erosion in the diversion channel or at the outlet. 
A change of slope from steeper grade to flatter may cause deposition 
to occur. The deposition reduces carrying capacity and may cause 
overtopping and failure. 

Frequent inspection and timely maintenance are essential to proper 
functioning. 

Sufficient area must be available to construct and properly maintain 
diversions. It is usually less costly to excavate a channel and form a ridge 
or dike on the downhill side with the spoil than to build diversions by 
other methods. Where space is limited, it may be necessary to build the 
ridge by hauling in dike fill material or using a sediment fence to divert 
the flow. Use gravel to form the diversion dike where vehicles must cross 
frequently. 

Temporary diversions may be planned to function one year or 
more, or they may be constructed anew at the end of each days grading 
operation to protect new fill. 

Temporary diversions may serve as in-place sediment traps if 
overexcavated 1 to 2 feet and placed on a nearly flat grade. The dike 
serves to divert water as the stage increases. A combination silt fence and 
channel in which fill from the channel is used to stabilize the fence can trap 
sediment and divert runoff simultaneously. 

Wherever feasible, build and stabilize diversions and outlets before 
initiating other landdisturbing activities. 

Design Criteria 
Temporary diversions must be planned to be stable throughout 

their useful life and meet criteria given below. Otherwise, they should be 
designed as permanent diversions. 

Drainage area 
Not more than three acres. 

Capacity 
Peak runoff from 10-year storm. 

Minimum cross section: 
Top Width Height 
0 ft. 1.5 ft. 
4ft 1.5 ft. 

Grade 

Side Slopes 
4:1 
2:1 

The grade may be variable depending upon the topography and must 
have a positive grade to the outlet. The maximum channel grade should be 
limited to 1.0 percent. 
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Spacing 
The maximum spacing of diversions on side slopes or graded rights-of-
way should be no greater than the following: · 
Land Slope(%) Spacing (ft.) 
1 or less 300 
2 200 
3-5 150 
5 or greater 100 

Diverted runoff should outlet onto a stabilized area, into a properly 
designed waterway, grade stabilization structure or sediment trapping 
facility. 

Diversions that are to serve longer than 30 working days should be 
seeded and mulched as soon as they are constructed, in order to preserve 
dike height and reduce maintenance. 

Maintenance 
Inspect temporary diversions once a week and after every rainfall. 
Damage caused by construction traffic or other activity should be 

repaired before the end of each working day. 
Immediately remove sediment from the flow area and repair the 

diversion ridge. 
Check outlets carefully and make timely repairs as needed. 
When the area protected has been permanently stabilized, remove 

the ridge and the channel to blend with the natural ground level, and 
appropriately stabilize it. 

Massachusetts Department of Environmental Protection, Office of 
Watershed Management, Nonpoint Source Program, Massachusetts 
Nonuoint Source· Management Manual, Boston, Massachusetts, June, 1993. 

North Carolina Department of Environment, Health, and Natural 
Resources, Erosion and Sediment Control Field Manual, Raleigh, NC, 
February 1991. 

North Carolina Sediment Control Commission, Erosion and Sediment 
Control Planning and Desism Manual, Raleigh, NC, September, 1988. 

Washington State Department of Ecology, Stormwater Management Manual 
for the Puget Sound Basin, Olympia, WA, February, 1992. 
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n.<;;;•uu•._ .... 5 surface and air movement of dust from exposed soil 
surfaces during land disturbing, demolition, and construction activities. 

Where Practice Applies 
On construction routes and other disturbed areas.subject to surface 

dust movement and dust blowing where on-site and off-site damage is 
likely to occur if preventive measures are not taken. 

Advantages 
A decrease in the amount of dust in the air will decrease the potential 

for accidents and respiratory problems. 

Disadvantages/Problems 
Excessive use of water to control dust emissions, particularly in areas 

where the soil has been compacted, can cause a runoff problem. 

Planning Considerations 
Large quantities of dust can be generated during land grading 

activities for commercial, industrial, or subdivision development, 
especially during dry, windy weather. Research at construction sites has 
established an average dust emission rate of 1.2 tons/acre/month for 
active construction. Earthmoving activities comprise the major source of 
construction dust emissions, but traffic and general disturbance of the soil 
also generate significant dust emissions. 

In planning for dust control, it is important to schedule construction 
activities so that the least area of disturbed soil is exposed at one time. 

For disturbed areas not subject to traffic, vegetation provides the 
most practical and efficient means of dust control. For other areas control 
measures include mulching, sprinkling, spraying adhesive or calcium 
chloride, and wind barriers. 

Maintain dust control measures properly through dry weather periods 
until all disturbed areas have been permanently stabilized. 

Methods 
Vegetative Cover- For disturbed areas not subject to traffic, vegetation 
provides the most practical method of dust control. 
Mulch (including Gravel Mulch) -When properly applied, mulch offers a 
fast, effective means of controlling dust. 
Spray-on Adhesive- Latex emulsions or resin in water can be sprayed onto 
mineral soil to prevent particles from blowing away. 
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Calcium Chloride- Calcium chloride may be applied by mechanical 
spreader as loose, dry granules or flakes at a rate that keeps the 
surface moist but not so high as to cause water pollution or plant 
damage. 
Sprinkling - The site may be sprinkled until the surface is wet. 
Sprinkling is especially effective for dust control on haul roads and 
other traffic routes. 
Stone- Used to stabilize construction roads; can also be effective for 
dust control. 
Barriers - A board fence, wind fence, sediment fence, or similar barrier 
can control air currents and blowing soil. All of these fences are 
normally constructed of wood and they prevent erosion by obstructing 
the wind near the ground and preventing the soil from blowing offsite. 

A wind barrier generally protects soil downward for a distance 
of 10 times the height of the barrier. Perennial grass and stands of 
existing trees may also serve as wind barriers. 

Maintenance 
Res pray area as necessary to keep dust to a minimum. 

,,.n,;:,rlrm•"'"'" of Environmental Protection, Office of 
Watershed Management, Nonpoint Source Program, Massachusetts 
Nonpoint Source Mana.vement Manual. Boston, Massachusetts, June, 
1993. 

U.S. Environmental Protection Agency, Storm Water Manazement For 
Construction Activities, EPA-832-R- 92-005; Washington, DC, September, 
1992. 

Washington State Department of Ecology, Stormwater Manazement 
Manual for the Puget Sound Basin, Olympia, WA, February, 1992. 

A filter berm is a temporary ridge constructed of loose gravel, 
stone, or crushed rock. It slows and filters flow, diverting it from an 
exposed traffic area. It is used to retain sediment from traffic areas. 

65 

Erosion and Sediment Control Guidelines 



_I 



66 Erosion and Sediment Control Practices 

Where Practice Applies 
Where a temporary measure is needed to retain sediment from rights­

of-way or in traffic areas on construction sites. 

Advantages 
This is an efficient method of sediment removal. 
Reduces the speed of runoff flow. 

Disadvantages/Problems 
.,. A gravel filter berm is more expensive to install than other practices 
which use materials found on-site . 
.,. Has a limited life span . 
.,. Can be difficult to maintain because of clogging from mud and soil on 
vehicle tires. 

Design Criteria 
Berm material should be % to 3 inches in size, washed, well-graded 

gravel or crushed rock with less than 5 percent fines. 

Spacing of berms: 

.,. Every 300 feet on slopes less than 5 percent . 

.,. Every 200 feet on slopes between 5 and 10 percent. 

.,. Every 100 feet on slopes greater than 10 percent. 

Berm dimensions: 
.,. 1 foot high with 3:1 side slopes . 
.,. 8 linear feet per 1 cfs runoff based on the 1 0-year, 24-hour design storm. 

Maintenance 
Filter berms should be inspected regularly after each rainfall, or if 

damaged by construction traffic. All needed repairs should be performed 
immediately. 

Accumulated sediment should be removed and properly disposed of 
and the filter material replaced, as necessary. 

Erosion and Sediment Control Guidelines 



Erosion and Sediment Control Practices 

U.S. Environmental Protection Agency, Storm Water MQIJQ8'ement For 
Construction Activities, EPA-832-R-92-005, Washington, DC, September, 
1992. 
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Washington State Department of Ecology, Stormwater Management Manual 
for the Puget Sound Basin, Olympia, WA, February, 1992. 

A vegetated filter strip is an area of vegetation for runoff to flow 
through before it leaves a disturbed site or enters into a designed 
drainage system. It improves water quality by removing sediment and 
other pollutants from runoff as it flows through the filter strip. Some of the 
sediment and pollutants are removed by filtering, absorption, adsorption 
and settling as the velocity of flow is reduced. 

Where Practice Applies 
This practice applies to any site where adequate vegetation can be 

established and maintained. Vegetative filter strips can be used effectively: 
"'" Surrounding stormwater management infiltration practices to reduce 
the sediment load delivered to the structures; 
.,. Adjacent to water courses such as waterways and diversions and 
water bodies such as streams, ponds, and lakes; 
.,. At the outlets of stormwater management structures; or 
.,. Along the top of and at the base of slopes. 

A vegetative filter strip is designed to provide runoff treatment of 
conventional pollutants but not nutrients. This practice is not designed 
to provide stream bank erosion control. A vegetative filter strip should not 
be used for conveyance of larger storms because of the need to maintain 
sheet flow conditions. Also, the filter strip would likely be prohibitively. 
large for this application. 

Planning Considerations 
Filter strips may occur naturally or be constructed. It is important 

that filter strips be designed and constructed so that runoff flows 
uniformly across the filter strip as sheet flow. Once the flow becomes 
concentrated in rills, the effectiveness of the strip is greatly reduced. It 
is essential that some type of device such as a level spreader or shallow 
stone trench be used to distribute the runoff evenly across the strip. 

Natural filter areas can provide excellent pollutant removal, 
particularly those areas left adjacent to natural water courses and bodies 
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of water. It is also important to evenly distribute the runoff into these 
natural areas for best performance. These natural areas can provide 
excellent wildlife habitat and travel corridors. 

To prevent soil compaction, no equipment should be allowed 
to operate within the filter strip area. Uncompacted soil encourages 
percolation and minimizes rapid surface runoff. 

Design Recommendations 
Drainage Area 
Maximum recommended drainage area is 5 acres. 

Entrance Conditions 
Runoff must be introduced to the filter strip as uniform sheet flow. A 
level spreader can be used to distribute the runoff onto the filter strip by 
constructing the lip of the spreader and the top of the strip at the same 
elevation or contour. In some cases, a shallow stone trench can be used 
to intercept the runoff and allow the water to outlet evenly as long as the 
lower edge of the stone trench is constructed level. Make provisions to 
avoid flow bypassing the filter strip. 

Length 
Filter strip length (parallel to flow) should be designed to produce a water 
residence time of at least 20 minutes (the length should normally be in the 
range of 100-200 feet). · 
Vegetative filter strips should not receive concentrated flow discharges as 
their effectiveness will be destroyed plus the potential for erosion could 
cause filter strips to become sources of pollution. 

Slope 
Vegetative filter strips should not be used on slopes greater than about 15 
percent because of the difficulty in maintaining the necessary sheet flow 
conditions. 

Width of Strip 
The minimum width of a filter strip should be 20 feet for slopes up to 1%. 
An additional 4 feet for each 1% of slope should be added. Experience has 
found that strips from 50 to 75 feet wide perform best. 

Vegetation 
A dense stand of vegetation is necessary for a well functioning filter strip. 
A temporary diversion should be used to divert runoff away from the filter 
strip until good vegetation is established; otherwise rills will develop and 
reduce the effectiveness of the strip. 
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Maintenance 
Filter strips should be maintained as natural areas once the 

vegetation is established. The filter strip should be protected from 
damage by fire, grazing, traffic, and dense weed growth. 

Fertilization needs should be determined by on-site inspections. 
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Supplemental fertilizer is a key factor, as most species take two to three 
years to become fully established. 

The filter strip should be inspected periodically and after every 
major rainstorm to determine if the entrance conditions are still 
uniform and level and to see if rills have formed. Any problem areas 
should be repaired promptly to prevent further deterioration. 

Minnick, E. L., and H. T. Marshall, Stormwater Manazement and Erosion 
Control for Urban and Developing Areas in New HamDBhire. Rockingham 
County Conservation District, August 1992. 

Massachusetts Department of Environmental Protection, Office of 
Watershed Management, Nonpoint Source Program, Massachusetts 
Nonooint Source Management Manual. Boston, Massachusetts, June, 
1993. 

Washington State Department of Ecology, Stormwater Manazement 
Manual for the Puget Sound Basin, Olympia, WA, February, 1992. 

A paved flume is a permanent lined channel constructed on a 
slope. Paved flumes are used routinely on parking lot fills and highway 
cuts and fills to take runoff down the slope without causing erosion. The 
flumes may be constructed of concrete, asphalt, or masonry. The outlet 
of the flume should be protected to avoid erosion. 

Where Practice Applies 
This is a permanent practice that applies where stormwater runoff 

must be conveyed from the top of a cut or fill slope to the bottom. 

Design Recommendations 
This practice should be designed by a professional engineer. 

Capacity 
Paved flumes should be designed to pass the peak rate of flow expected 
from a 10 year frequency storm unless local regulations require a lower 
frequency higher discharge storm event. 

· Erosion and Sediment Control Guidelines 

I 
. J 

J 



70 Erosion and Sediment Control Practices 

Slope 
The steepest slope of the structure shall be 1.5 horizontal to 1 vertical (1.5: 
1) where the flume is located in natural ground. The maximum slope shall 
be 2 horizontal to 1 vertical (2:1) on fill slopes. 

Cutoff Walls 
Cutoff walls shall be provided at the beginning and end of the flume. The 
wall should extend the full width of the flume and a minimum of 18 inches 
into the soil below the bottom of the flume. Cutoff wall should be at least 6 
inches thick. Concrete walls should be reinforced with #4 bars spaced on 6 
inch centers in both directions. 

Cross section 
Concrete flume walls will need to be at least 4 inches thick and reinforced 
with welded wire fabric. 
Asphalt lined flumes should be at least 3 inches thick. 
Masonry flumes should be a minimum of 4 inches thick. 

Bedding 
All paved flumes should be constructed on a 6 inch layer of sand-gravel 
bedding material. 

Outlet 
Outlets of paved flumes must be protected from erosion with some type 
of energy dissipater. The dissipater may be a designed structure or may 
be constructed of rock riprap capable of withstanding the velocity of flow 
from the chute. 

Maintenance 
Little maintenance is required for a paved flume, but the flume should 

be inspected periodically to see if cracks have developed in the lining. 
Any cracks should be repaired immediately. The energy dissipater should 
be checked to see that it is functioning properly. Any erosion below the 
dissipater should be repaired immediately. 

Minnick, E. L., and H. T. Marshall, Stormwater Manazement and Erosion 
Control for Urban and Develqping Areas in New Hampshire. Rockingham 
County Conservation District, August 1992. 

Massachusetts Department of Environmental Protection, Office of 
Watershed Management, Nonpoint Source Program, Massachusetts 
Nonpoint Source Manazement Manual. Boston, Massachusetts, June, 1993. 
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Gabions are rectangular baskets fabricated from a hexagonal mesh 
of heavily galvanized steel wire. The baskets are filled with stone and 
rock and stacked atop one another to form a gravity-type wall. Gabions 
depend mainly on the interlocking of the individual stones and rocks 
within the wire mesh for internal stability, and their mass or weight to 
resist hydraulic and earth forces. Gabions are a "porous type of structure 
that can be vegetated. 

Purpose 
To slow the velocity of concentrated runoff or to stabilize slopes 

with seepage problems and/or noncohesive soils. 

Where Practice Applies 
Soil-water interfaces, where the soil conditions, water turbulence, 

water velocity, and expected vegetative cover, are such that the soil may 
erode under the design flow conditions. Gabions can be used on steeper 
slopes than riprap. 

Advantages 
Some advantages of gabion walls are: 

.,. Ease of handling and transportation 

.,. Speed of construction 

.,. Flexibility (Gabions tolerate movement) 
,. Permeability to water (Good drainage) 

Gabions offers an easy-to-use method for decreasing water velocity 
and protecting slopes from erosion. 

Disadvantages/Problems 
Gabions are sometimes criticized as being unsightly. They can be 

made more attractive by use of attractive facing stone toward the front 
of the wall and by establishing vegetation in the spaces between the 
rocks. 

Gab ions are more expensive than either vegetated slopes or ri prap. 
The wire baskets used for gab ions may be subject to heavy wear­

and-tear due to wire abrasion by bedload movement in streams with 
high velocity flow. 
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Planning Considerations 
For easy handling and shipping, gabions are supplied folded into 

a flat position and bundled together. Gabions are readily assembled 
by unfolding and binding together all vertical edges with lengths of 
connecting wire stitched around the vertical edges. The empty gab ions 
are placed in position and wired to adjoining gabions. They are then filled 
with cobblestone-size rock (10-30 em in diameter) to one-third their depth. 
Connecting wires, placed in each direction, brace opposing gabion walls 
together. The wires prevent the gabion baskets from "bulging" as they are 
filled. This operation is repeated until the gabion is filled. After filling, the 
top is folded shut and wired to the ends, sides, and diaphragms. 

During the filling operation live rooting plant species, such as willow, 
may be placed among the rocks. If this is done, some soil should be placed 
in the gabions with the branches, and the basal ends of the plants should 
extend well into the backfill area behind the gabion breast wall. 

Several different design configurations are possible with gabions. 
They may have either a battered (sloping) or a stepped-back front. The 
choice depends upon application, although the stepped-back type is 
generally easier to build when the wall is more than 10 ft high. 

If large rocks are readily accessible, inexpensive, and near the 
proposed site, then their use in construction of a rock wall may be 
preferable. On the other hand, if rock must be imported or is only 
available in small sizes, a gabion wall may be preferable. 

Sequence of Construction 
Since gabions are used where erosion potential is high, construction 

must be sequenced so that they are put in place with the minimum 
possible delay. Disturbance of areas where gabions are to be placed 
should be undertaken only when final preparation and placement can 
follow immediately behind the initial disturbance. 

Where gabions are used for outlet protection, they should be placed 
before or in conjunction with the construction of the pipe or channel so 
that they are in place when the pipe or channel begins to operate. 

Maintenance 
Gabions should be inspected on a regular basis and after every large 

storm event. 
All temporary and permanent erosion and sediment control 

practices shall be maintained and repaired as needed to assure continued 
performance of their intended function. All maintenance and repair shall 
be conducted in accordance with an approved manual. 
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Connecticut Council on Soil and Water Conservation, Connecticut 
Guidelines for Soil Erosion and Sediment Control, Hartford, CT, January, 
1985. 

Gray, Donald H. and Leiser, A T., Biotechnical Slope Protection and 
Erosion Control. Leiser Van Reinhold Inc., 1982. · 

Pennsylvania, Commonwealth of, Bureau of Soil and Water 
Conservation, Erosion and Sediment Pollution Control Prouam Manual, 
Harrisburg, PA, April, 1990. 

Geotextiles are porous fabrics known in the construction industry 
as filter fabrics, road rugs, synthetic fabrics, construction fabrics, or 
simply fabrics. Geotextiles are manufactured by weaving or bonding 
fibers made from synthetic materials such as polypropelene, polyester, 
polyethylene, nylon, polyvinyl chloride, glass and various mixtures of 
these. 

Some geotextiles are also biodegradable materials such as mulch 
matting and netting. Mulch mattings are materials Qute or other wood 
fibers) that have been formed into sheets of mulch that are more stable 
than normal mulch. Netting is typically made from jute, other wood 
fiber, plastic, paper, or cotton and can be used to hold the mulching and 
matting to the ground. 

Purpose 
As a synthetic construction material, geotextiles are used for a 

variety of purposes in the United States and other countries. The uses 
of geotextiles include separators, reinforcement, filtration and drainage, 
and erosion control. Netting can also be used alone to stabilize soils 
while the plants are growing; however, it does not retain moisture or 
temperature well. 

Where Practice Applies 
Geotextiles, when used alone, can be used as matting. Mattings are 

used to stabilize the flow in channels and swales. Matting may also be 
used on recently planted slopes to protect seedlings until they become 
established and on tidal or stream banks where moving water is likely 
to wash out new plantings. 
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Geotextiles are also used as separators. An example of such a use 
is geotextile as a separator between riprap and soil. This 'sandwiching' 
prevents the soil from being eroded from beneath the riprap and 
maintaining the riprap's base. 

Advantages 
,. Fabrics are relatively inexpensive for certain applications. 
,. A wide variety of geotextiles to match specific needs is available. 

Disadvantages/Problems 
If the fabric is not property selected, designed, or installed, the 

effectiveness may be reduced drastically. 
Many synthetic geotextiles are sensitive to light and must be 

protected prior to installation. 

Planning Considerations 
There are numerous types of geotextiles available, therefore 

the selected fabric should match its purpose. In the field, important 
concerns include regular inspections to check for cracks, tears, or 
breaches in the fabric. 

Effective netting and matting require firm, continuous contact 
between the materials and the soil. If there is no contact, the material 
will not hold the soil and erosion will occur underneath the material. 

"Installing Blankets," Erosion Control. The Journal For 
Erosion & Sediment Control Professionals, Vol. 1, No.4, September/ 
October 1994. 

U.S. Environmental Protection Agency, Storm Water Manazement For 
Construction Activities, EPA-832-R- 92-005, Washington, DC, September, 
1992. . ' 

A permanent structure used to drop water from a higher elevation 
to a lower elevation. Grade stabilization structures are used to reduce 
or prevent excessive erosion by reducing velocities in a watercourse 
or by providing channel linings or structures that can withstand high 
velocities. 
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Where Practice Applies 
This practice applies to sites where earth and vegetation cannot 

safely handle water at permissible velocities, where excessive grades or 
overfall conditions are encountered, or where water is to be structurally 
lowered from one elevation to another. These structures should be 
planned and installed along with or as a part of other conservation 
practices in an overall surface water disposal system. 

Planning Considerations . 
Permanent grade stabilization structures may be constructed of 

concrete, metal, rock riprap, timber, or other suitable material. The 
choice of material is dependent on the proposed life of the structure, 
availability of materials, site specification, and soil conditions where the 
structure will be installed. 

Generally, concrete structures are more expensive and more 
complicated to build, however they are more durable. Prefabricated 
metal structures are available at a slightly lower cost and are not as 
complicated to install. Rock riprap is a less expensive alternative where 
an adequate supply of durable rock is available, but will require more 
maintenance. Timber structures are not as easily installed as rock 
riprap, nor are they as durable. 

Permanent grade stabilization structures are dependent on 
adequate tailwater conditions for proper functioning. Without adequate 
tailwater, erosion at the toe of the structure will eventually cause failure. 

Design Recommendations 
Design and specifications should be prepared for each structure on 

an individual job basis by a qualified engineer. 
Overfall structures of concrete, metal, rock riprap, or other 

suitable material may be used to lower water from one elevation to 
another. These structures are applicable where it is desirable to drop 
the watercourse elevation over a very short horizontal distance. 
Adequate protection should be provided to prevent erosion or scour 
problems at both the upstream and downstream ends of the structure 
as well as along sides of the structure. 

Pipe drops of metal pipe may be used with suitable inlet and outlet 
structures. The inlet structure may consist of a vertical section of pipe, 
an embankment, or a combination of both. The outlet structure shall 
provide adequate protection against erosion or scour at the pipe outlet. 
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Capacity 
Structures which are designed to operate in conjunction with other 

erosion. control practices should have as a minimum sufficient capacity 
to handle the bankfull capacity of the channel delivering water to the 
structure. 

The minimum design capacity for grade control structures that are 
not designed to perform in conjunction with other practices should be 
that required to handle a 25-year frequency 24-hour duration storm. 

Runoff values should be computed using accepted methods. 

Maintenance 
Grade stabilization structures should be checked at least annually 

and after every major storm. Concrete structures should be checked for 
concrete deterioration, settlement, and joint integrity. Pipe structures 
should be checked for deterioration of the pipe, settlement, and joint 
integrity. The outlets of the structures should be checked to see if the 
eutlet is stable and is not eroding. If repairs are necessary, they should 
be made immediately to avoid further damage to the structures. 

Minnick, E. L., and H. T. Marshall, Stormwater Mangzement and Erosion 
Control for Urban and Developing Areas in New Hampshire, Rockingham 
County Conservation District, August 1992. 

A sediment filter or an excavated impounding area around a storm 
drain, drop inlet, or curb inlet. 

Used to prevent sediment from entering storm drainage systems 
prior to permanent stabilization of the disturbed area. This practice 
allows for early use of the drainage system. 

Where Practice Applies 
Where storm drains are to be made operational before permanent 

stabilization of the disturbed drainage area. 
Inlet protection is a temporary measure used where the drainage 

area to the inlet or inlets of a storm drain system is disturbed and 
it is not possible to divert sediment laden water away from the 
system. Storm sewers which are put into use before their drainage 
area is stabilized can convey large amounts of sediment to natural 
drainageways. This practice should not be used to replace other 
sediment trapping devices, but it should be used in conjunction with 
these devices to help prevent sediment from being transported into the 
system and ultimately downstream or offsite. 
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Runoff from disturbed areas larger than one acre should be routed 
through a temporary sediment trap or basin. 

Filter fabric is used for inlet protection when storm water flows are 
relatively small with low velocities. 

Block and gravel filters can be used where velocities are higher. 
Gravel and mesh filters can be used where flows are higher and 

subject to disturbance by site traffic. 
Sod inlet filters may be used if sediment loqd in the storm water 

runoff is low. 

Advantages 
.,. Prevents clogging of storm drainage systems and siltation of 
receiving waters . 
.,. Reduces the amount of sediment leaving the site. 

Disadvantages/Problems 
.,. May be difficult to remove collected sediment, especially under high 
flow conditions. 
.,. May cause erosion elsewhere if clogging occurs . 
.,. Practical only for low sediment, low volume flows. 

Planning considerations 
Installation of this measure should take place before any soil 

disturbance in the drainage area. Inlet protection should be used in 
combination with other measures, such as small impoundments or 
sediment traps, to provide more effective sediment removal. 

The type of inlet protection device chosen depends on site 
conditions. Straw or hay bale barriers or sediment fences can be 
constructed around inlets. A small sediment basin can be excavated 
around the storm drain inlet. In other cases, gravel filters may be used 
around or directly over the storm sewer opening. 

The major considerations in deciding the type of protection to 
be used must be based on the type of inlet, the conditions around 
the inlet, and the area adjacent to the inlet that may be damaged or 
inconvenienced because of temporary ponding of water. 

Design Recommendations 
.,. Grates and spaces of all inlets should be secured to prevent seepage 
of sediment-laden water . 
.,. All inlet protection measures should include sediment sumps of 1 to 
2 feet in depth, with 2:1 side slopes . 
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.,. The inlet protection device should be constructed so that any 
ponding resulting from the installation will not cause damage to adjacent 
areas or structures. 
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.,. The device must be constructed so that clean-out and disposal 
of trapped sediment and debris can be accomplished with little 
interference to construction activities. 

Drainage Area 
The drainage area normally should be no more than one acre. 

Capacity 
Runoff from 1 0-year storm must enter storm drain without bypass 

flow. 

Types of Inlet Protection 

Straw or Hay Bale Barriers 
Straw or hay bale barriers can be constructed around the drain 

inlet. 
Permeability through bales is lower than for other types of inlet 

protection, such as sediment fences. Provide sufficient storage space 
for runoff or sufficient lineal footage of bales to allow storm flow to pass 
through the bales. 
Excavated Drop Inlet Trap 

This method of inlet protection is applicable where relatively heavy 
flows are expected and overflow capability is needed. 

Applicable where the inlet drains a relatively small (less than one 
acre) flat area, on less than 5 percent slope. This practice works well for 
trapping coarse grained material. Do not place fabric under gate as the 
collected sediment may fall into the drain when the fabric is retrieved. 
This practice cannot easily be used where the area is paved because of 
the need for driving stakes to hold the material. 

Excavated traps may be used to improve the effectiveness and 
reliability of other sediment traps and barriers such as fabric, or block 
and gravel inlet protection. 
Installation: 

The trap should be excavated around the inlet to provide 67 cubic 
feet of storage per acre of drainage area to the inlet. The trap should be 
no less than 1 foot deep or more than 2 feet deep when measured from 
the top of the inlet. Side slopes should be 3: 1 or flatter. 

Dimensions of the excavation should be based on the site 
conditions. Normally the traps are square. If there is concentrated 
flow being directed into the trap, however, then the trap should be 
rectangular with the long dimension oriented in the direction of the 
flow. 

When necessary, spoil may be placed to form a dike on the 
downslope side of the excavation to prevent bypass flow . 
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Common Trouble Points 

Sediment fills excavated basin and enters storm drain 
Sediment-producing area too large for basin design or inlet not properly 
maintained. 
Excessive ponding 
Gravel over weep holes may be plugged with sediment. Remove debris, 
clear sediment, and replace gravel. 
Flooding and erosion due to blockage of storm drain 
Install trash guard. 

Gravel and Wire Mesh Filter 
Applicable where flows greater than 0.5 cfs are expected and 

construction traffic may occur over the inlet. 
Installation 

A wire mesh should be placed over the drop inlet or curb opening 
so that the entire opening and a minimum of 12 inches around the 
opening are covered by the mesh. The mesh may be ordinary hardware 
cloth or wire mesh with openings up to ~ inch. If more than one strip of 
mesh is necessary, overlap the strips. Place filter fabric over wire mesh. 

Extend the filter fence/wire mesh beyond the inlet opening at least 
18 inches on all sides. Place% to 3-inch gravel over the filter fabric/wire 
mesh. The depth of the gravel should be at least 12 inches over the 
entire inlet opening. 

Block and Gravel Inlet Protection 
This method uses standard concrete block and gravel to provide a 

small, sturdy barrier to trap sediment at the entrance to a storm drain. 
It applies to both drop inlets and curb inlets where heavy flows are 
expected and an overflow capacity is necessary to prevent excessive 
ponding around the structure. 
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Concrete blocks are laid without mortar closely around the 
perimeter of the drain. Gravel is then placed around the outside of the 
blocks to restrict the flow and form a sediment pool. For slower drainage 
and therefore more settlement time, the concrete blocks could be 
eliminated and the device made entirely of gravel. 

Pool depth should be limited to a maximum of 2 feet. 
Frequent maintenance is a must for this practice. 

Installation: 
Place wire mesh over the drop inlet so that the wire extends a 

minimum of 1 foot beyond each side of the inlet structure. Use hardware 
cloth or comparable wire mesh with one-half inch openings. If more than 
one strip is necessary, overlap the strips. Place filter fabric over the wire 
mesh. 
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Place concrete blocks lengthwise on their sides in a single row 
around the perimeter of the inlet, so that the open ends face outward, 
not upward. The ends of adjacent blocks should abut. The height of 
the barrier can be varied, depending on design needs, by stacking 
combinations of blocks that are 4 inches, 8 inches, and 12 inches wide. 
The row of blocks should be at least 12 inches but no greater than 24 
inches high. 

Place wire mesh over the outside vertical face (open end) of 
the concrete blocks. Extend at least 12 inches around the opening to 
prevent aggregate from being transported through the openings in 
the block. Use hardware cloth or comparable wire mesh with l-2 inch 
openings. 

Pile gravel, l-inch diameter or smaller, against the wire mesh to the 
top of the outside face of the blocks to control drainage rate. 

Common Trouble Points 

Top of structure too high 
.,. Bypass storm flow causes severe erosion. 

Blocks not placed firmly against storm drain inlet 
.,. Scour holes develop. 

Drainage area too large 
.,. Poor trap efficiency and/or sediment overload. 

Approach to drain too steep 
,. Causes high flow velocity and poor trap efficiency. Install excavated 
basin in the approach. 

Sediment not removed following a storm 
.,. Sediment enters storm drain. 

Stone in gravel donut not large enough or inside slope too steep 
.,. Stone washes into inlet. 

Maintenance 
Remove and replace gravel over weep holes when drainage stops. 
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Fabric Drop Inlet Protection 
A temporary device consisting of porous fabric supported by posts 

and placed around a drop inlet. 

81 

When properly braced and sealed at the bottom, the fabric restricts 
flow rate, forming a sedimentation pool at the approach to the inlet. The 
fabric allows the pool to drain slowly, protecting the storm drain from 
sediment. 

This method of inlet protection is effective.where the inlet drains 
a small, nearly level area with slopes generally less than 5 percent and 
where shallow sheet flows are expected. 

The immediate land area around the inlet should be relatively flat 
(less than 1 %) and located so that accumulated sediment can be easily 
removed. 

This method cannot easily be used where the area is paved because 
of the need for driving stakes to hold the material. 

Height of fabric 
1.5 ft maximum, 1 foot minimum; measured from top of inlet. 

Stability 
Structure must withstand 1.5-foot head of water and sediment without 
collapsing or undercutting. 

Support posts 
Steel fence posts or 2 x 4-inch wood, length 3 foot minimum, spacing 3 
foot maximum; top frame support recommended. 

Fabric material 
Synthetic, extra-strength fabric. Burlap is acceptable for short-term use 
only (60 days or less). 

Installation: 
Space support posts evenly against the perimeter of the inlet a 

maximum distance of 3ft apart and drive them at least 8 inches into 
the ground. The stakes must be at least 3 feet long. Overflow must fall 
directly into the inlet and not on unprotected soil. 

Build a supporting frame of 2 x 4-inch lumber, maximum height 1.5 
ft above the drop inlet crest. The frame adds stability and serves as a 
weir to control storm overflow into the drop inlet. Alternatively, use wire 
fence (14 gauge minimum, with a maximum mesh spacing of 6 inches) to 
support fabric. Stretch fence with top level to provide uniform overflow. 
Extend wire 6 inches below ground. 

Excavate a trench approximately 8 inches wide and 12 inches deep 
around the outside perimeter of the stakes. 

Cut fabric from a single roll to eliminate joints. Place bottom 12 
inches of fabric in trench adjacent to the drop inlet. 
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Fasten fabric securely to the posts and frame or support fence, if 
used. Overlap joints to the next post. 

Backfill the trench with =Y.f inch or less washed gravel all the way 
around. 

Do not place fabric under grate as the collected sediment may fall 
into the drain when the fabric is retrieved. 

Stabilize disturbed areas immediately after construction. 

Common Trouble Points: 

Posts and fabric not supported at the top 
.,. Results in collapse of the structure. 

Fabric not properly buried at bottom 
.,. Results in undercutting. 

Top of fabric barrier set too high 
.,.. Results in flow bypassing the storm inlet or collapsing structure. 

Temporary dike below the drop .inlet not maintained 
"" Results in flow bypassing storm inlet 

Sediment not removed from pool 
.,. Results in inadequate storage volume for next storm. 

Fence not erected against drop inlet 
,. Results in erosion and undercutting. 

Land slope at storm drain too steep 
.,.. Results in high flow velocity, poor trapping efficiency, and inadequate 
storage volume. Excavation of sediment storage area may be necessary. 

Sod Drop Inlet Protection 
A permanent grass sod filter area around a storm drain drop inlet in a 

stabilized, well vegetated area. 

Where Practice Applies: 
, ,. Where the drainage area of the drop inlet has been permanently 

seeded and mulched and the immediate surrounding area is to remain in 
dense vegetation. 
"" This practice is well suited for lawns adjacent to large buildings . 
.,.. The drainage area should not exceed 2 acres, 
"" The entrance flow velocity must be low, and 
.,.. The general area around the inlet should be planned for vegetation. 
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Other Inlet Protection Practices 
There are several types of manufactured inlet filters and traps 

which have different applications dependent upon site conditions and 
type of inlet. One is a catch basin filter that prevents sediments and other 
contaminants from entering storm drainage systems. The catchbasin 
filter is inserted in the catchbasin just below the grating. The catch basin 
filter is equipped with a sediment trap and up to three layers of a . 
fiberglass filter material. 

This is a changing field. New products are being developed and 
brought to the market. For the most recent information see a trade 
journal such as Erosion Control or Land and Water. 

Maintenance 
All trapping devices and the structures they protect should be 

inspected after every rain storm and repairs made as necessary. 
Sediment should be removed from the trapping deviCes after the 

sediment has reached a maximum of one half the depth of the trap. 
Sediment should be disposed of in a suitable area and protected 

from erosion by either structural or vegetative means. 
Temporary traps should be removed and the area repaired as 

soon as the contributing drainage area to the inlet has been completely 
stabilized. 

Systems using filter fabric 
Inspections should be made on a regular basis, especially after large 
storm events. If the fabric becomes clogged, it should be replaced. 

Systems using stone filters 
If the stone filter becomes clogged with sediment, the stones must be 
pulled away from the inlet and cleaned or replaced. Since cleaning of 
gravel at a construction site may be difficult, an alternative approach 
would be to use the clogged stone as fill and put fresh stone around the 
inlet. 

Massachusetts Department of Environmental Protection, Office of 
Watershed Management, Nonpoint Source Program, Massachusetts 
Nonpoint Source Management Manual, Boston, Massachusetts, June, 
1993. 

Minnick, E. L., and H. T. Marshall, Stormwater MantJi"ement and Erosion 
Control for Urban and Developing Areas in New Hampshire. Rockingham 
County Conservation District, August 1992. 
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North Carolina Department of Environment, Health, and Natural 
Resources, Erosion and Sediment Control Field Manual, Raleigh, NC, 
February 1991. 

U.S. Environmental Protection Agency, Storm Water Maoaeement For 
Construction Activities, EPA-832-R-92-005, Washington, DC, September, 
1992. 

Washington State Department of Ecology, Stormwater Management 
ManualforthefzwetSoundBasin, Olympia, WA, February, 1992. 

Using engineering techniques or vegetative practices, or a 
combination of both, to provide surface drainage and control erosion 
and sedimentation while reshaping and stabilizing the ground surface to 
provide more suitable sites for buildings and other facilities, or maintain 
temporary stockpiles. 

Where Practice Applies 
This practice applies where the existing ground surface is 

regraded, new cut or fill slopes are created, or existing slopes or ground 
surfaces would otherwise be unstable or subject to erosion. 

Planning Considerations 
Provisions should be made to safely conduct surface runoff to 

storm drains, protected outlets, or to a stable watercourse to insure 
that the runoff will not damage slopes or other graded areas. 

Wherever possible runoff water should be diverted away from the 
top of cut and fill slopes to stable outlets or grade control structures. 

Waterways, diversions, grade stabilization structures, terraces, 
pipe drains, flumes, subsurface drains, or rock fills are some of the 
practices that may find use in slope stabilization. Bioengineering 
practices, combining vegetative and mechanical practices, also have a 
place. 

Cuts, Fills, and Slopes 
Compaction can be a major factor in erosion control for fill slopes. 

In addition to other compaction controls required by the nature of the 
project, the minimum criterion recommended for successful erosion 
control on fill slopes is to compact the uppermost one foot of fill to at 
least 85 percent of the maximum unit weight (based bn the modified 
AASHTO compaction test). This is usually accomplished by running 
heavy equipment over the fill. 
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On cut slopes ground water seepage causes undercutting and soil 
slippage. Subsurface drains, a layer of crushed rock, or other measures 
may be necessary. 

Slope gradient is an important factor in the success of vegetative 
restabilization measures. Normal tillage equipment cannot be used to 
prepare a seedbed on slopes 2:1 or steeper. Storm water runoff will 
result in the loss of seeds, fertilizer, and soil. 

Sod can be used to stabilize steep slopes instead of seeding where 
grades are not more than 2:1. Sod on slopes steeper than 3:1 should be 
pegged. 

Slopes steeper than 2:1 will usually require special stabilization 
measures such as a crushed rock or riprap layer, crib wall or revetment. 

Sandy soils present a special problem for the establishment of 
vegetation, especially in areas where the sand is deep and droughty. 
American beachgrass is one solution to this problem. It is usually 
established by hand planting. 

Steeply sloped areas such as lakeshores and road banks involve 
three special considerations: 
.,. To insure reasonable success in stabilization, bank slopes should be 
2:1 or flatter . 
.,. The toe of the slope must be protected from undercutting by 
mechanical means where necessary . 
.,. Water seeping from the face of the slope should be intercepted by a 
drainage system. 

Borrow and Stockpile Areas 
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Borrow areas, especially those that are located off the development 
site, must be considered in erosion and sedimentation control planning. 
Borrow areas, as well as stockpile and spoil areas, must be stabilized. 

Borrow and stockpile areas present the same set of problems 
for the control of erosion and sedimentation as exposed cut and fill 
slopes. Runoff should be diverted from the face of the slopes which are 
exposed in the excavation process. The runoff must then be conveyed in 
stabilized channels to stable disposal points. 

The measures used to control erosion on slopes should also be 
used in borrow areas. Only those sections of the borrow area which are 
currently needed to supply fill should be stripped. Immediately after the 
required fill has been taken, the exposed area should be stabilized. 

If final grading is delayed, temporary seeding should be used. By 
properly timing the disturbance of the natural cover in the borrow area 
in carefully planned phases, the area of exposed soil and the duration of 
exposure is reduced and, therefore, erosion losses are reduced. 

Topsoil from borrow areas is usually stripped and stockpiled for 
later redistribution on the disturbed area. These stockpiles should be 
located on the uphill side of the excavated area wherever possible so 
that they can act as diversions. Stockpiles should be shaped and seeded 
with temporary cover. 
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Where borrow areas are off the development site, a separate 
system for trapping sediment from the area is needed. 

After the excavation is complete, borrow areas should be regraded 
to insure proper drainage and to blend the borrow area with the 
surrounding topography. Stockpiled topsoil is then redistributed and 
permanent vegetative cover established. 

Exposed Surfaces 
Although erosion rates on steep exposed slopes are higher than 

on flat or gently sloping areas, all areas of exposed soil are vulnerable 
to erosion. If erosion control is ignored on larger areas of nearly flat or 
gently sloping land, it will be possible for significant amounts of soil 
to be eroded. Clearing, grading, and vegetative restabilization in these 
areas can be timed so that the extent of exposed area and the duration 
of exposure is minimized. These areas require prompt vegetative 
restabilization. Temporary seeding or mulching is required where larger 
areas will not be permanently stabilized within recommended time 
limits. Diversions, sediment barriers, or traps constructed on the lower 
side of large disturbed areas should be used to intercept and collect 
sediment. 

Right-of-ways and parking areas that are being prepared for 
paving must be protected from rainfall and runoff. Diversions should 
be constructed to protect these areas from runoff before clearing and 
grading begin. 

Areas that are being prepared for paving should be properly 
compacted because compaction makes the exposed surface area less 
vulnerable to erosion. Cleared right-of-ways may be covered with 
crushed aggregate to reduce erosion. If right-of-ways will not be used for 
construction traffic, they can be seeded with temporary cover. 

Gravel or stone filter berms should be used at intervals along 
a right-of-way to intercept runoff and direct it to stabilized areas, 
drainageways, or enclosed drainage system inlets. Filter berms 
slow runoff, filter it, and collect sediment. The berms will need 
some continuing maintenance, but can be crossed by construction 
equiJ>ment. 

Paved Surfaces 
An increase in paved surface area on a site greatly boosts the rate 

of site runoff. For example, a 20 percent increase in paved area can 
double the rate of runoff during a heavy rainfall. In addition, the velocity 
of runoff moving across a paved surface is higher than the velocity of 
runoff moving across an area of exposed earth of vegetation. Pavement 
provides very little resistance to flow and does not allow any infiltration 
(except for porous pavement). 
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Construction Areas and Eroding Areas 

Types of plantings 
When erosion or sediment control is of primary and immediate 

concern, these areas are usually initially stabilized by seeding grass 
cover. When necessary, the site should be prepared by seeding 
temporary vegetative cover. Jute netting or anchored mulch should 
be used in conjunction with seeding at critical locations where water 
concentrates. 

Seeding mixtures 
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When dense plant cover is needed for erosion and sediment control, 
or for appearances, seedings of enduring herbaceous species should be 
used. See the Permanent Seeding and Temporary Seeding practices. One­
half to one bushel of oats, or 1 to 1 \12 bushels of rye should usually be 
added to the basic mixture for quick cover. 

Mulching 
Where plantings are on areas subject to mulch removal by wind or 

water flows, the mulch should be anchored. Mulched areas should be 
checked periodically and immediately after severe storms for damage 
until the desired purpose of the mulching is achieved. Any damaged 
areas should be repaired as soon as discovered. 

Design Recommendations 
Cut or fill slopes which are to be vegetated should not be steeper 

than 2 horizontal to 1 vertical. If a slope is to be mowed, it should be 3: 
1 or flatter. Slopes of materials not to be vegetated should be at the safe 
angle of repose for the materials encountered. 

Provisions should be made to safely conduct surface water to storm 
drains or suitable natural water courses and to prevent surface runoff 
from damaging cut faces and fill slopes. 

Terraces or diversions should be provided whenever the height 
of the cut or fill exceeds 20 feet. The "benches" should divide the slope 
face as equally as possible and should convey the water into stable 
outlets. Benches should be kept free of sediment during all phases of 
development. 

Seeps or springs encountered during construction should be 
controlled by subsurface drains or other appropriate methods. 

Subsurface drainage should be provided in areas having a high 
water table, to intercept seepage that would affect slope stability, 
building foundations, or create undesirable wetness. 

Excavations should not be made so close to property lines as to 
endanger adjoining property without supporting and protecting such 
property from erosion, sliding, settling, or cracking. 

No fill should be placed where it will slide or wash onto the 
premises of another or be placed adjacent to the bank of a channel so as 
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to create bank failure or reduce the natural capacity of the stream. 
Fills should consist of material from cut areas, borrow pits, or other 

approved sources. 
Protective slopes around buildings should be planned to slope 

away from foundations and water supply wells to lower areas, drainage 
channels, or waterways. The minimum horizontal length should be 10 feet, 
except where restricted by property lines. 

The minimum vertical fall of protective slopes should be 6 inches, 
except that the vertical fall at the high point at the upper end of a swale 
may be reduced to 3 inches, if a long slope toward a building or from a 
nearby high bank will not exist. 

Minimum gradients should be 1/16 inch per foot (1/2 percent) for 
concrete or other impervious surfaces and !4 inch per foot (2 percent) for 
pervious surfaces. 

Maximum gradient of protective slopes should be 2 !h inches per foot 
(21 percent) for a minimum of 4 feet away from all building walls, except 
where restricted by property lines. 

All graded areas should be permanently stabilized immediately 
following final grading. 

Site plans should show the location, slope, cut, fill, and finish 
elevation of the surfaces to be graded and the auxiliary practices for 
safe disposal of runoff water, slope stabilization, erosion control, and 
drainage such as waterways, lined, ditches, diversions, grade stabilization 
structures, retaining walls, and surface and subsurface drains. 

Construction Recommendations 
Areas to be graded should be cleared and grubbed of all timber, 

logs, brush, rubbish, and vegetable matter that will interfere with the 
grading operation. Topsoil should be stripped and stockpiled for use on 
critical disturbed areas for establishment of vegetation. Cut slopes to be 
topsoiled should be thoroughly scarified to a minimum depth of 3 inches 
prior to placement of topsoil. 

Fill materials should be generally free of brush, rubbish, rocks, and 
stumps. Frozen materials or soft and easily compressible materials should 
not be used in fills intended to support buildings, parking lots, roads, 
conduits, or other structures. 

Earth fill intended to support structural measures should to be 
compacted to a minimum of 90 percent of standard Proctor test density 
with proper moisture control, or as otherwise specified by the engineer 
responsible for design. Compaction of other fills should be to the density 
required to control sloughing, erosion or excessive moisture content. 
Maximum thickness of fill layers prior to compaction should not exceed 9 
inches. 

Grading should generally be done to a tolerance of within 0.2 foot 
of planned grades and elevations. Allowances may be made for topsoil, 
paving, or other surface installations. 
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All disturbed areas should be free draining, left with a neat and 
finished appearance, and should be protected from erosion. (See 
applicable vegetative standards.) · 

Maintenance 
All slopes should be checked periodically to see that vegetation 

is in good condition. Any rills or damage from erosion and animal 
burrowing should be repaired immediately to avoid further damage. 
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If seeps develop on the slopes, the area should be evaluated to 
determine if the seep will cause an unstable condition. Subsurface drains 
or a gravel mulch may be required to solve seep problems. 

Diversions, berms, and waterways should be checked to see that 
they are functioning properly. Problems found during the inspections 
should be repaired promptly. 

Areas requiring revegetation should be repaired immediately. 
Slopes should be limed and fertilized as necessary to keep 

vegetation healthy. 
Control undesirable vegetation such as weeds and woody growth to 

avoid bank stability problems in the future. 

of Environmental Protection, Office of 
Watershed Management, Nonpoint Source Program, Massachusetts 
Nonpoint Source Management Manual, Boston, Massachusetts, June, 
1993. 

Minnick, E. L., and H. T. Marshall, Stormwater Management and Erosion 
Control for Urban and Develapirur Areas in New Hampshire, Rockingham 
County Conservation District, August 1992. 

spreader is an excavated depression constructed at zero 
percent grade across a slope. The level spreader changes concentrated 
flow into sheet flow and then outlets it onto stable areas without causing 
erosion. It allows concentrated runoff to be discharged at non-erosive 
velocities onto natural or man-made areas that have existing vegetation 
capable of preventing erosion. An example would be at the outlet of a 
diversion or a waterway. 
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Where Practice Applies 
,. Where it can be constructed on undisturbed soils and a level lip can 
be installed without filling. 
,. Where the area directly below the spreader is stabilized by existing 
vegetation 
,. Where water will not re-concentrate immediately below the spreader, 
and water can be released in sheet flow down a stabilized slope without 
causing erosion. 
,. Where there is at least 100 feet of vegetated area between the spreader 
and surface waters. 
,. Where the area below the spreader lip is uniform with a slope of 10 
percent or less and is stable for anticipated flow conditions. 
,. Where there will be no traffic over the spreader. 

Advantages 
,.. Level spreaders are relatively low cost structures designed to release 
small volumes of water safely. 
,. Level spreaders disperse the energy of concentrated flows, reducing 
erosion potential and encouraging sedimentation. 

Disadvantages/Problems 
If the level spreader has any low points, flow tends to concentrate 

there. This concentrated flow can create channels and cause erosion. If 
the spreader serves as an entrance to a water quality treatment system, 
short-circuiting of the forebay may happen and the system will be less 
effective in removing sediment and particulate pollutants. 

Planning Considerations 
Diversions and waterways need a stable outlet for concentrated 

stormwater flows. The level spreader can be used for this purpose if the 
runoff is relatively free of sediment. If properly constructed, the level 
spreader will significantly reduce the velocity of concentrated stormwater 
and spread it uniformly over a stable undisturbed area. 

Placement of the level spreader must allow the water flowing over 
the level section to leave the structure as a uniform, thin film of water. 
The structure should outflow onto naturally vegetated areas whenever 
possible. The creation of a uniform level lip for the water to spread over is 
critical. 

Particular care must be taken during construction to ensure that 
the lower lip of the structure is level. If there are any depressions in the 
lip, flow will tend to concentrate at these points and erosion will occur, 
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resulting in failure of the outlet. This problem may be avoided by using a 
grade board or a gavel lip over which the runoff must flow when exiting 
the spreader. Regular maintenance is essential for this practice. 

Water containing high sediment loads should enter a sediment trap 
before release in a level spreader. 

Design Recommendations 
Drainage area should be limited to five acres. 
The grade of the channel for the last 20 feet of the conservation 

practice entering the level spreader should be no steeper than 1 percent. 
The level spreader should be flat ("0 percent" grade) to ensure 

uniform spreading of storm runoff. 
The design length for a level spreader should be no more than 0.5 

cfs per foot of level section, based on the peak rate of flow from the 
contributing erosion control or stormwater management practice. The 
minimum length of the spreader should be 5 feet and the maximum 
length 50 feet. 

The width of the spreader should be at least 6 feet. 
The depth of the spreader as measured from the lip should be at 

least 6 inches and it should be uniform across the entire length. 
The spreader shall be stabilized with an appropriate grass mixture. 

The spreader should be mulched if necessary for the establishment of 
good quality vegetation. 

The level lip may be protected with an erosion stop and jute 
or excelsior matting. The erosion stop should be placed vertically a 
minimum of six inches deep in a slit trench one foot back from the crest 
of the level lip and parallel to the lip. The erosion stop should extend the 
entire length of the level lip. Two strips of jute or excelsior matting can 
be placed along the lip. Each strip should overlap the erosion stop by at 
least six inches. 

The area downslope should have a complete vegetative cover 
sufficiently established to be erosion resistant. 

Maintenance 
"' The level spreader should be checked periodically and after every 
major storm. 
"' Any detrimental sediment accumulation should be removed. 
c.. If rilling has taken place on the lip, the damage should be repaired 
and re-vegetated . 
.,. Vegetation should be mowed occasionally to control weeds and 
encroachment of woody vegetation. Clippings should be removed and 
disposed of outside the spreader and away from the outlet area, 
.,. Fertilization should be done as necessary to keep the vegetation 
healthy and dense . 
.,. The spreader should be inspected after every runoff event to ensure 
that it is functioning correctly. 
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Massachusetts Department of Environmental Protection, Office of 
Watershed Management, Nonpoint Source Program, Massachusetts 
Nonooint Source Management Manual, Boston, Massachusetts, June, 
1993. 

Minnick, E. L., and H. T. Marshall, Stormwater Management and Erosion 
Control for Urban and Developing Areas in New Harooshire, Rockingham 
County Conservation District, August 1992. 

Washington State Department of Ecology, Stormwa(er Management 
ManualforthePugetSoundBasin, Olympia, WA, February, 1992. 

Application of a protective blanket of straw or other plant residue, 
gravel or synthetic material to the soil surface. 

Purpose 
To provide immediate protection to exposed soils during the 

period of short construction delays, or over winter months through the 
application of plant residues, or other suitable materials, to exposed 
soil areas. 

Mulches also enhance plant establishment by conserving moisture 
and moderating soil temperatures. Mulch helps hold fertilizer, seed, and 
topsoil in place in the presence of wind, rain, and runoff and maintains 
moisture near the soil surface. 

In addition to stabilizing soils, mulching can reduce the speed of 
storm water runoff over an area. 

Where Practice Applies 
,. In areas which have been seeded either for temporary or permanent 
cover, mulching should immediately follow seeding . 
.,. Areas which cannot be seeded because of the season, or are 
otherwise unfavorable for plant growth . 
.,.. Mulch around plantings of trees, shrubs, or ground covers to 
stabilize the soil between plants. 
,. In an area of greater than 2:1 slope, mulching should immediately 
follow seeding. 
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Advantages 
.,., Mulching offers instant protection to exposed areas. 

Mulches conserve moisture and reduce the need for irrigation. 
Neither mulching nor matting require removal; seeds can grow 

through them unlike plastic coverings. 
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This is one of the most important, effective, and economical erosion­
control practices. 

Disadvantages/Problems 
Care must be taken to apply mulch at the specified thickness, and on 

steep slopes mulch must be supplemented with netting. 
Thick mulches can reduce the soil temperature, delaying seed 

germination. 
Mulch can be easily blown or washed away by runoff if not secured. 
Some mulch materials such as wood chips may absorb nutrients 

necessary for plant growth. 
Mulches such as straw, which are often applied to areas after grading 

must then be removed and either composted or landfilled. 

Planning Considerations 
Mulches are applied to the soil surface to conserve a desirable soil 

property or to promote plant growth. A surface mulch is one of the most 
effective means of controlling runoff and erosion on disturbed land. 

Mulches can increase the infiltration rate of the soil, reduce soil 
moisture loss by evaporation, prevent crusting and sealing of the soil 
surface, modify soil temperatures, and provide a suitable microclimate 
for seed germination. 

Organic mulch materials, such as straw, wood chips, bark and 
wood fiber, have been found to be the most effective, although straw is 
preferred. 

Wood chips and bark are effective for use around trees and shrubs. 
It is important to properly anchor grass or straw mulch materials so 

they are not blown away by wind or washed away by flowing water. 
On steep slopes and critical areas such as waterways, use netting or 

anchoring with mulch to hold it in place. 
"Mechanical mulches" such as gravel may be used in critical 

areas where conditions preclude the use of vegetation for permanent 
stabilization. 

The choice of materials for mulching will be based on the type 
of soil to be protected, site conditions, season, and economics. It is 
especially important to mulch liberally in mid-summer and prior to 
winter, and at locations on cut slopes and southern slope exposures. 
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Materials and Installation 

500-900 lbs 
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90-1 OOJbs. (2-3 
bales) 
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variable 
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Common Trouble Points 
Inadequate Coverage 

97 

Results in erosion, washout, and poor plant establishment 

Appropriate tacking agent not applied, or applied in insufficient amount 
Mulch is lost to wind and runoff. 

Channel grade and liner not appropriate for amount of runoff 
Results in erosion of channel bottom. Plan modification may be 
required. 

Hydromulch applied in winter 
Results in deterioration of mulch before plants can become established. 

Maintenance 
Inspect after rainstorms to check for movement of mulch or 

erosion. If washout, breakage, or erosion occurs, repair surface, reseed, 
remulch, and install new netting. 

Straw or grass mulches that blow or wash away should be repaired 
promptly. 

Blanket mulch that is displaced by flowing water should be 
repaired as soon as possible. 

If plastic netting is used to anchor mulch, care should be taken 
during initial mowings to keep the mower height high. Otherwise, the 
netting can wrap up on the mower blade shafts. After a period of time, 
the netting degrades and becomes less of a problem. 

Continue inspections until vegetation is well established. 

Gaffney, F.B., Dickerson, J.A., Myers, R.E., Hoyt, D.K., Moonen, H.F., 
Smith, R.E., A Guide To: Conservation Plantings on Critical Areas for 
New York, U.S. Department of Agriculture, Soil Conservation Service, 
Syracuse, NY, June, 1991. 

Massachusetts Department of Environmental Protection, Office of 
Watershed Management, Nonpoint Source Program, Massachusetts 
Nonpoint Source Management Manual, Boston, Massachusetts, June, 
1993. 

Minnick, E. L., and H. T. Marshall, Stormwater Manazement and Erosion 
Control for Urban and Developing Areas in New Hampshire.. Rockingham 
County Conservation District, August 1992. 
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North Carolina Department of Environment, Health, and Natural 
Resources, Erosion and Sediment Control Field Manual, Raleigh, NC, 
February 1991. 

U. S. Environmental Protection Agency, Storm Water Management For 
Construction Activities, EPA-832-R-92-005, Washington, DC, September, 
1992. 

Washington State Department of Ecology, Stormwater Management Manual 
for the fw:et Sound Basin, Olympia, WA, February, 1992. 

A structure designed to control erosion at the outlet ofa channel or 
conduit by reducing the velocity of flow and dissipating the energy. 

Where Practice Applies 
.,. Outlet protection should be installed at all pipe, culverts, swales, 
diversions, or other water conveyances where the velocity of flow may 
cause erosion at the pipe outlet and in the receiving channel. 

Outlet protection should also be used at outlets where the velocity of 
flow at the design capacity may result in plunge pools . 
.,. Outlet protection should be installed early during construction 
activities, but may be added at any time, as necessary. 

Advantages 
<» Plunge pools, which can develop unless outlet protection is provided, 
may severely weaken the embankment and thus threaten its stability . 
.,. Protection can prevent scouring at a culvert mouth and thus prevent 
gully erosion which may gradually extend upstream. 

Disadvantages/Problems 
.,. Some types of structures may be unsightly . 
.,. Sediment removal may be difficult. 

Planning Considerations 
Erosion at the outlet of channels, culverts, and other structures 

is common and can cause structural failure with serious downstream 
problems. 

A riprap lined apron is the most commonly used structure for this 
purpose, because it has relatively low cost and can be installed easily on 
most sites. 
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Other types of outlet stabilization structures include riprap stilling 
basins, concrete impact basins, and paved outlets. 

Design Criteria 
Capacity - Peak runoff from 1 0-year storm. 
Apron -As shown in plans, set on zero grade, aligned straight, with 
sufficient length to dissipate energy. 
Foundation -Extra-strength filter fabric or well.::graded gravel filter layer, 
6 inches thick, minimum. 
Material- Hard, angular, and highly weather-resistant stone (riprap) 
with specific gravity at least 2.5. Stone size as specified in plans. 
Thickness- At least 1.5 times the maximum stone diameter. 

Installation 
Excavate subgrade below design elevation to allow for thickness 

of filter and riprap. Install riprap to minimum thickness of 1.5 times 
maximum stone diameter. Final structure should be to lines and 
elevations shown in plans. 

Construct apron on zero grade. If there is no well-defined channel, 
cross section may be level or slightly depressed in the middle. In a well­
defined channel, extend riprap and filter to the top of the bank or as 
shown on plans. Blend rip rap smoothly to the surrounding land. 

Apron should be straight and properly aligned with the receiving 
stream. If a curve is necessary to fit site conditions, curve the apron 
near the upstream end. 

Compact any fill used in the subgrade to the density of the 
surrounding undisturbed material. 

Subgrade should be smooth enough to protect fabric from tearing. 
Install a continuous section of extra-strength filtedabric on 

smooth, compacted foundation. 
Protect filter fabric from tearing while placing rip rap with 

machinery. Repair any damage immediately by removing riprap and 
installing another section of filter fabric. Upstream section of fabric 
should overlap downstream section a minimum of one foot. 

Make sure top of riprap apron is level with receiving stream or 
slightly below it. Riprap should not restrict the channel or produce an 
overfall. 

Immediately following installation, stabilize all disturbed areas with 
vegetation as shown in plans. 

Common Trouble Points 
Foundation not excavated deep enough or wide enough 
Riprap restricts flow cross section, resulting in erosion around apron 
and scour holes at outlet. 

Erosion and Sediment Control Guidelines 



100 

Riprap apron not on zero grade 
Causes erosion downstream. 

Stones too small or not properly graded 

Erosion and Sediment Control Practices 

Results in movement of stone and downstream erosion. 

Rip rap not extended far enough to reach a stable section of channel 
Results in downstream erosion. 

Appropriate .filter not installed under riprap 
Results in stone displacement and erosion of foundation. 

Maintenance 
Inspect riprap outlet structures after heavy rains for erosion at sides 

and ends of apron and for stone displacement. 
Rock may need to be added if sediment builds up in the pore spaces 

of the outlet pad. 
Make repairs immediately using appropriate stone sizes. Do not place 

stones above finished grade. 

Massachusetts Department of Environmental Protection, Office of 
Watershed Management, Nonpoint Source Program, Massachusetts 
Nonooint Source Management Manual Boston, Massachusetts, June, 1993. 

North Carolina Department of Environment, Health, and Natural Resources, 
Erosion and Sediment Control Field Manual. Raleigh, NC, February 1991. 

U. S. Environmental Protection Agency, Storm Water Management for 
Construction Activities, EPA-832-R-92-005, Washington, DC, September, 1992. 

Washington State Department of Ecology, Stormwater Management Manual 
for the Puget Sound Basin, Olympia, WA, February, 1992 

Minimizing exposed soils and consequent erosion by clearing only 
where construction will occur. 

Where Practice Applies 
Natural vegetation should be preserved whenever possible, but 

especially on steep slopes, near perennial and intermittent watercourses 
or swales, and on building sites in wooded areas. 
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Advantages 
Preserving natural vegetation will: 

Save money on site stabilization 
co Help reduce soil erosion. 
co Beautify an area . 
.,. Save money on landscaping costs. 
co Provide areas for wildlife. 
co Possibly increase the value of the land . 
.,. Provide buffers and screens against noise. 
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Preserving natural vegetation also moderates temperature changes 
and provides shade and cover habitat for surface waters and land. 
Increases in stream water temperature tend to lower the dissolved 
oxygen available for aquatic life. 

Disadvantages/Problems 
Saving individual trees can be difficult, and older trees may become a 
safety hazard. 

Planning Considerations 
New development often takes place on tracts of forested land. 

Building sites are often selected because of the presence of mature 
trees. Unless sufficient care is taken and planning done, however, much 
of this resource is likely to be destroyed in the interval between buying 
the property and completing cons.truction. It takes 20 to 30 years for 
newly planted trees to provide the benefits for which we value trees so 
highly. 

Natural vegetation can be preserved in natural clumps or as 
individual trees, shrubs and vines. 

Selection 
Examine the area to identify trees to be saved: trees with unique 

or unusual form, trees which may be uncommon in the area, desirable 
shad.e trees and trees for screening purposes. Look for healthy trees 
with full green crowns. The length of the annual twig growth gives an 
indication of the general vigor of the tree. Trees with broken tops or 
with many dead branches are usually not good risks. Badly scarred 
trees are also unsuitable. 

In selecting trees to be retained, care must also be used to make 
certain they will not interfere with the installation and maintenance of 
utilities such as electric and telephone lines, water and sewer lines and 
driveways. · 

Preserving individual plants is more difficult because equipment is 
generally used to remove unwanted vegetation. Points to consider when 
attempting to save individual plants are: 
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Value 
Is the plant worth saving? Consider the location, species, size, age, 

vigor, and the work involved. Local governments may also have ordinances 
to save natural vegetation and trees. 

Desirability 
Is the tree or shrub a desirable plant? Is it shallow-rooted, do the roots 

seek water, or are insects and disease a problem? Shallow-rooted plants 
can cause problems in the establishment of lawns or ofnamental plants. 
Water-seeking roots can block sewer and tile lines. Insects and diseases 
can make the plant undesirable. This is especially true with aphids on 
alder and maple. 

Age and size 
Old or large plants do not generally adapt to changes in environment 

as readily as young plants of the same species. Usually, it is best to leave 
trees which are less than 40 years of age. Some hardwoods mature at 
approximately 50 years of age. After maturity they rapidly decline in vigor. 
Conifers, after 40 years of age, may become a safety hazard due to the 
possibility of breakage or blowdown, especially where construction has 
left only a few scattered trees in an area that was formerly dense woods. 

While old large trees are sometimes desirable, the problem of later 
removal should be considered. Local governments, however, may have 
requirements to preserve older, larger specimen trees. It is expensive to 
cut a large tree and to remove the tree and stump from a developed area. 
Thinning some branches from trees can provide avenues for wind and 
hence lessen the "sail" effect. 

Tree Preservation 
Clearly flag or mark areas around trees that are to be saved. It is 

preferable to keep ground disturbance away from the trees at least as far 
out as the dripline. 

Barriers 
If possible, place a barrier around the trees. Bulldozers are notorious 

for damaging trees. Besides skinning bark from tree trunks, their tracks 
severely damage tree roots which are close to the surface. 

Place a simple wooden fence around the tree. Inexpensive or scrap 
lumber will do. Snow fencing, although more expensive, is easy to install. 
The fence should enclose an area at least five feet out from the tree trunk. 
Erect the fence before the bulldozer arrives and leave it up until the last 
piece of equipment has left the area. 

Marking 
If erecting a barrier around the trees is impractical, marking the trees 

may help save them from damage, if equipment operators are forewarned 
and reliable. A band of bright colored cloth, ribbon, or tape may be used to 
identify trees to be protected. The band should be placed around the trunk 
high enough to be seen from a distance and from all angles. It is important 
that all people involved be informed of the meaning of the marking. 
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Grade Changes 
Filling 

Tree roots need air water and minerals to survive. Few trees can 
survive with more than six inches of earth fill over the roots. The tree 
roots are literally suffocated with more earth fill than this coarser the 
fill material, the better the chance for survival. 
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Construction of a dry well around the tree trunk will provide some 
air circulation for the trees. Installation of a dra1n system in conjunction 
with the dry well is even better. Four inch drain pipe is placed in a 
spoke-like fashion to drain water away from the tree before filling takes 
place. 

The dry well may be built o( stones, brick, tile, concrete blocks or 
other material. It shQuld be built at least 12 to 18 inches away from the 
trunk of a large, slow-growing tree and up to 36 inches for younger fast­
growing trees. 

Lowering 
Lowering the natural ground level can seriously damage trees and 

shrubs. Most of the plant roots are in the upper 12 inches of the soil and 
cuts of only 2-3 inches can cause serious injury. To protect the roots it 
may be necessary to terrace the immediate area around the plants to 
be saved. If roots are exposed, construction of retaining walls may be 
needed to keep the soil in place. Plants can also be preserved by leaving 
them on an undisturbed, gently sloping mound. To increase the chances 
for survival, it is best to limit grade changes and other soil disturbances 
to areas outside the dripline of the plant. 

Excavations 
Protect trees and other plants when excavating for tile, water, and 

sewer lines. Where possible, the trenches should be routed around 
trees and large shrubs. When this is not possible, it is best to tunnel 
under them. This can be done with hand tools or with power augers. 

If it is not possible to route the trench around plants to be saved, 
then the following should be observed: 
,. Cut as few roots as possible. When you have to cut - cut clean. Paint 
cut root ends with a wood dressing like asphalt base paint. 
,. Backfill the trench as soon as possible . 
.,. Tunnel beneath root systems as close to the center of the main 
trunk as possible to preserve most of the important feeder roots. 

Common Trouble Points 
Some problems that can be encountered with trees are: 

.,. Maple, Dogwood, Eastern hemlock, Eastern red cedar and Douglas 
fir do not readily adjust to changes in environment and special care 
should be taken to protect these trees . 
.,. Maples, and willows have water-seeking roots. These can cause 
trouble in sewer lines and filter fields. On the other hand, they thrive in 
high moisture conditions that other trees would succumb to. 

Erosion and Sediment Control Guidelines 



104 Erosion and Sediment Control Prac.1ices 

Thinning operations can cause serious disease problems. Disease can 
become established through damaged limbs, trunks, roots, andfreshly cut 
stumps. Diseased and weakened trees are also susceptible to insect attack. 

Maintenance 
Inspect flagged areas regularly to make sure flagging has not been 

removed. If tree roots have been exposed or injured, re-cover and/or seal 
them. 

Washington State Department of Ecology, Stormwater Management Manual 
for the Pueet Sound Basin, Olympia, WA, February, 1992. 

U.S. Department of Agriculture, Soil Conservation Service, Amherst, 
MA, Guidelines for Soil and Water Conservation in Urbanizine Areas of 
Massachusetts, October, 1977. 

A permanent, erosion-resistant ground cover of large, loose, angular 
stone. 

Purpose 
.,. To protect slopes, streambanks, channels, or areas subject to erosion 
by wave action. 
,. Rock riprap protects soil from erosion due to concentrated runoff. It 
is used to stabilize slopes that are unstable due to seepage. It is also used 
to slow the velocity of concentrated runoff which in turn increases the 
potential for infiltration. 

Where Practice Applies 
,. Cut or fill slopes subject to seepage or weathering, particularly where 
conditions prohibit establishment of vegetation, 

Channel side slopes and bottom, 
Inlets and outlets for culverts, bridges, slope drains, grade stabilization 

structures, and storm drains; where the velocity of flow from these 
structures exceeds the capacity of the downstream area to resist erosion. 

Stream banks and stream grades, · 
,. Shorelines subject to wave action. 
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Advantages 
.,. Rip rap offers an easy-to-use method for decreasing water velocity 
and protecting slopes from erosion. It is simple to install and maintain . 
.,.. Riprap provides some water quality benefits by increasing 
roughness and decreasing the velocity of the flow, inducing settling. 

Disadvantages/Problems 
Riprap is more expensive than vegetated slopes. 

,. There can be increased scour at the toe and ends of the riprap . 
.,. Riprap does not provide the habitat enhancement that vegetative 
practices do. 

Planning Considerations 
Well graded riprap forms a dense, flexible, self-healing cover that 

will adapt well to uneven surfaces. 
Care must be exercised in the design so that stones are of good 

quality, sized correctly, and placed to proper thickness. 
Riprap should be placed on a proper filter material of sand, gravel, 

or fabric to prevent soil from "piping" through the stone. 
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Contact the local Conservation Commission regarding any stream 
crossing or other work conducted in a wetland resource area. The 
Massachusetts Wetland Protection Act requires that the proponent file a 
"Determination of Applicability" or "Notice of Intent." 

Rock riprap is used where erosion potential is often high. The rock 
should be placed as soon as possible after disturbing the site, before 
additional water is concentrated into the drainage system. Properly 
sized bedding or geotextile fabric is needed to prevent erosion or 
undermining of the natural underlying material. 

Riprap is classified as either graded or uniform. A sample of graded 
riprap would contain a mixture of stones which vary in size from small 
to large. A sample of uniform riprap would contain stones which are all 
fairly close in size. 

For most applications, graded riprap is preferred to uniform riprap. 
Graded riprap forms a flexible self-healing cover, while uniform riprap 
is more rigid and cannot withstand movement of the stones. Graded 
riprap is cheaper to install, requiring only that the stones be dumped so 
that they remain in a well-graded mass. Hand or mechanical placement 
of individual stones is limited to that necessary to achieve the proper 
thickness and line. Uniform riprap requires placement in a more or less 
uniform pattern, requiring more hand or mechanical labor. 

Erosion and Sediment Control Guidelines 
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Design Recommendations 
As graded riprap consists of a variety of stone sizes, a method is 

needed to specify the size range of the mixture of stone. This is done by 
specifying a diameter of stone in mixture for which some percentage, by 
weight, will be smaller. For example, d 85 refers to a mixture of stones 
in which 85 percent of the stone by weight would be smaller than the 
diameter specified. Most designs are based on "d." The design, therefore, is 
based on the median size of stone in the mixture. 

A well graded mixture of rock sizes should be used for riprap rather 
than rocks of a uniform size. Rock riprap sizes are specified by either 
weight or diameter. 

Stone should be hard, angular, weather-resistant; specific gravity at 
least 2.5. 
Gradation: well-graded stone, 50% by weight larger than the specified 
"150" The largest stones should not exceed 1.5 times the "d50" specified. 
Stones should be shaped so that the least dimension of the stone fragment 
is not less than one-third of the greatest dimension of the fragment. Flat 
rocks should not be used for riprap. 
Filter: heavy-duty filter fabric or aggregate layer should be used under all 
permanent riprap installations. 
Thickness: 1.5 times the maximum stone diameter, minimum, or as 
specified in the plan. 

Construction Recommendations 
Subgrade for the filter material, geotextile fabric or riprap should 

be cleared and grubbed to remove all roots, vegetation, and debris and 
prepared to the lines and grades shown on the plans. 

Excavate deep enough for both filter and riprap. Compact any fill 
material to the density of surrounding undisturbed soU. 

Excavate a keyway in stable material at base of slope to reinforce the 
toe. Keyway depth should be 1.5 times the design thickness of riprap and 
should "extend a horizontal distance equal to the design thickness. 

Rock and/or gravel used for filter and riprap shall conform to the 
specified gradation. 

Voids in the rock riprap should be filled with spalls and smaller rocks. 

Filter 
Install synthetic filter fabric or a sand/gravel filter on subgrade. 

Synthetic filter fabric 
Place filter fabric on a smooth foundation. Overlap edges at least 12 

inches, with anchor pins spaced every 3 ft along overlap. For large stones, 
a 4-inch layer of sand may be needed to protect filtercloth. 
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Geotextile fabrics should be protected from puncture or tearing 
during placement of the rock riprap by placing a cushion of sand and 
gravel over the fabric. Damaged areas in the fabric should be repaired 
by placing a piece of fabric over the damaged area or by complete 
replacement of the fabric. All overlaps required for repairs or joining 
two pieces of fabric should be a minimum of 12 inches. 

Sand/gravel filter 
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Spread well-graded aggregate in a uniform·layer to the required 
thickness (6 inches minimum). If two or more layers are specified, place 
the layer of smaller stones first and avoid mixing the layers. 

Stone Placement 
Place riprap immediately after installing filter. 
Install riprap to full thickness in one operation. Do not dump 

through chutes or use any method that causes segregation of stone 
sizes. Avoid dislodging or damaging underlying filter material when 
placing stone. 

If fabric is damaged, remove riprap and repair fabric by adding 
another layer, overlapping the damaged area by 12 inches. 

Place smaller stones in voids to form a dense, uniform, well-graded 
mass. Selective loading at the quarry and some hand placement may be 
necessary to obtain an even distribution of stone sizes. 

Blend the stone surface smoothly with the surrounding area 
allowing no protrusions or overfall. 

Since riprap is used where erosion potential is high, construction 
must be sequenced so that the riprap is put in place with the minimum 
possible delay. Disturbance of areas where riprap is to be placed should 
be undertaken only when final preparation and placement of the riprap 
can follow immediately behind the initial disturbance. 

Where riprap is used for outlet protection, the riprap should 
be placed before or in conjunction with the construction of the pipe 
or channel so that it is in place when the pipe or channel begins to 
operate. 

Common Trouble Points 
Excavation not deep enough 
Riprap blocks channel, resulting in erosion along edges. 

Slope too steep 
Results in stone displacement. Do not use rip rap as a retaining wall. 

Foundation not properly smoothed for filter placement 
Results in damage to filter. 

Filter omitted or damaged 
Results in piping or slumping. 
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Rip rap not properly graded 
Results in stone movement and erosion of foundation. 

Foundation toe not properly reinforced 
Results in undercut riprap slope or slumping. 

Fill slopes not properly compacted before placing riprap 
Results in stone displacement. • 

Maintenance 
Riprap should be checked at least annually and after e~ry major 

storm for displaced stones, slumping, and erosion at edges, especially 
downstream or downslope. If the riprap has been damaged, it should be 
repaired immediately before further damage can take place. 

Woody vegetation should be removed from the rock rip rap annually 
because tree roots will eventually dislodge the riprap. 

If the riprap is on a channel bank, the stream should be kept clear 
of obstructions such as fallen trees, debris, and sediment bars that may 
change flow patterns which could damage or displace the riprap. 

Massachusetts Department of Environmental Protection, Office of 
Watershed Management, Nonpoint Source Program, Massachusetts 
Nonpoint Source Man"'lement Manual, Boston, Massachusetts, June, 1993. 

Minnick, E. L., and H. T. Marshall, Stormwater Man"'lement and Erosion 
Control lor Urban and Developing Areas in New Hampshire , Rockingham 
County Conservation District, August 1992. 

North Carolina Department of Environment, Health, and Natural Resources, 
Erosion and Sediment Control Field Manual. Raleigh, NC, February 1991. 

Washington State Department of Ecology, Stormwater Management Manual 
for the Pueet Sound Basin, Olympia, WA, February, 1992. 
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A rock embankment constructed across a drainageway or other 
suitable location to create a temporary basin for collecting sediment. 

Purpose . 
To trap sediment on the construction site ~nd prevent off-site 

sedimentation. Useful where earth fill material is not readily available. 

Where Practice Applies 
Where a temporary measure is needed to retain sediment from a 

construction area - but not in a natural stream. 

Design Criteria 
Drainage area: limited to 50 acres. 
Design life: limited to 3 years. 
Sediment storage: 1800 cubic feet per acre disturbed, as a minimum. 
Measured one foot below spillway crest. 
Dam crest height: limited to 8 feet. 
Basin area and shape: The largest surface area gives the greatest 
trapping efficiency. Basin length-to-width ratio should be 2:1 minimum. 
Spillway capacity: 10-year peak runoff, at maximum flow depth of one 
foot and minimum freeboard of one foot. Entire length of dam between 
rock abutments may serve as spillway. 
Rock embankment: 
Top width 5 ft minimum 
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Side slopes Upstream, 2:1 or flatter; Downstream, 3:1 or flatter 

Earth abutments Smooth, stable slopes, 2:1 or flatter. 

Rock abutments Must protect earth abutments and extend along 
downstream face to toe of dam. Abutments must be at least one foot 
higher than the spillway face at all points. 
Height 2 ft minimum above spillway crest 
Width 2 ft thick, minimum 
Side slopes 2:1 or flatter 

Outlet protection: Rock apron, 1.5 ft thick, minimum, zero grade, length 
equal to height of dam or extended to stable grade, whichever is 
greater. 
Rock material: Well-graded, hard, angular, weather-resistant stone with 
a "dSO" of 9 inches minimum. 
Protection from piping: Extra-strength filter fabric covering entire 
foundation including earth abutments and apron. 
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Basin dewatering: Through one-foot thick minimum layer of ~- to ~-inch 
aggregate on upstream face of dam. 

Installation 
Divert runoff from undisturbed areas away from the basin. Delay 

clearing pond area until dam is in place. 
Excavate foundation for apron and use it as a temporary sediment 

basin during construction of dam. · 
Clear and grub area under darn, removing all root mat and other 

objectionable material. Grade earth abutments no steeper than 1:1. 
Dispose of material in approved location. 

If cutoff trench is required, excavate at center line of dam, extending 
all the way up earth abutments. 

Protection from Piping 
The entire foundation including both earth abutments must be 

covered by filter fabric. Overlap one foot at all joints, upstream strip over 
downstream strip. 

Smooth the foundation area before placing filter fabric. Be careful 
placing rock on fabric. It may be helpful to place a 4-inch layer of sand over 
fabric before placing rock. 

Embankment and pool 
Construct embankment to dimensions shown on plans. Use well­

graded, hard, angular, weather-resistant rock. Rock abutments must be at 
least 2 feet higher than the spillway crest and at least 1 foot higher than 
the downstream face of dam at all points. 

Divert sediment-laden flow to upper end of basin. 
Set marker stake to indicate clean out elevation where sediment pool 

is 50% full. 
Establish vegetation to stabilize all disturbed areas except the lower 

one-half of sediment pool as shown in the plan. 

Safety 
Sediment basins that impound water are hazardous. Basin should be 

dewatered between storms. Avoid steep side slopes. Fences with warning 
signs may be necessary if trespassing is likely. State and local requirements 
must be followed. 
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Common Trouble Points 
Failure from piping along abutments 
Filter material not properly installed, or earth abutments too steep. 

Stone displaced from face of dam 
Stone size too small and/or face too steep. 

Erosion below dam 
Apron not extended to stable grade. 

Erosion of abutments during spillway flow 
Rock abutment height inadequate. 

Sediment carried through spillway 
Drainage area too large. Divert runoff from undisturbed area away from 
basin. 

Sediment loss through dam 
Inadequate layer of aggregate on inside face or aggregate too coarse to 
restrict flow through dam. 

Maintenance 
.,.. Inspect rock dam and pool after each rainfall event . 
.,. Remove sediment when it accumulates to one-half design volume 
(marked by stakes) . 
.,.. Check structure and abutments for erosion, piping, or rock 
displacement. Repair immediately . 
.,. Replace aggregate on inside face of structure when sediment pool 
does not drain between storms . 
.,.. Add fine gravel to upstream face of dam if sediment pool drains too 
rapidly (less than 6 hours) following a storm . 
.,.. Remove rock dam after the contributing drainage area has been 
permanently stabilized, inspected, and approved. Remove all water 
and sediment prior to removing dam. Dispose of waste materials in 
designated disposal areas. Smooth site to blend with surrounding area 
and stabilize according to vegetation plan. 
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Department of Environment, Health, and Natural Resources, 
Erosion and Sediment ControlFieldManuaJ, Raleigh, NC, February 1991. 

Massachusetts Department of Environmental Protection, Office of 
Watershed Management, Nonpoint Source Program, Massachusetts 
Nonpoint Source Management ManuaL Boston, Massach.usetts, June, 1993. 

Planning Considerations 
Active sand areas may be stabilized by establishing temporary control 

measures, followed by tree or shrub planting within five years. In situations 
where trees or shrubs are not desired or practical, such as the seaface of 
a beach frontal dune, American beachgrass may be maintained as a long­
term means of stabilization. 

Methods of Stabilization 
Mechanical- This is usually done with brush matting or with sand 

fencing. It is usually limited to small areas where beachgrass is not 
available for planting, or where immediate stabilization is desired. 

Place brush matting (preferably coniferous) with butts to windward. 
Start placing on leeward side, working towards windward side. Overlap 
butts with tops to provide a shingling effect. Sand fencing placed at right 
angles to the prevailing wind will also give temporary stabilization but is 
expensive and more prone to vandalism. 

Beachgrass- Beachgrass may be a temporary or long-term measure. 
American beachgrass is planted in culms. Culms should consist of two 
or more healthy stems, 2 to 3 feet tall. The ideal time to plant dormant 
beachgrass culms is in early spring, March 15 to May 1. Culms should be 
planted 8 to 9 inches deep. Culms may be dug anytime during the planting 
season. The stems should be cut back to 12 to 15 inches before or after. 
digging. They may be stored by heeling-in, or storing at 28 to 32 degrees F. 

Culm plantings should be planted at 18 inch spacings, with center 
staggered in alternate rows. Five hundred to 1,000 pounds per acre of 10-
5-5, or equivalent analysis, should be applied soon after planting, or in the 
case of a fall planting, the fertilizer should be applied early the following 
spring. 

An alternative, less expensive method, is to plant the beachgrass 
in bands. These bands should be spaced 20 to 40 feet apart. The bands 
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should consist of at least 2 rows spaced approximately 18 inches apart, 
with culms approximately 18 inches apart in the rows and centers 
staggered in alternate rows. The closer band spacing should be used on 
the windward side. Fertilizer should be applied to the planted bands as 
indicated above. 

When beachgass is to be used for long-term protection, it may be 
maintained by annual applications of 300-500 pounds per acre of a 10-5-5 
fertilizer or its equivalent. 

North Carolina Department of Environment, Health, and Natural 
Resources, Erosion and Sediment Control Field Manual, Raleigh, NC, 
February 1991. 
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An artificial barrier of evenly spaced wooden slats or synthetic fabric 
erected perpendicular to the prevailing wind and supported by posts. 

Sand fences are usually made commercially of light wooden slats 
wired together with spaces between the slats. The distance between slats 
is approximately equal to the slat width (about 1 !-2 inches). Synthetic 
fencing fabric is available for this use. The fences are erected 2 to 4 
feet high in parallel rows spaced 30 to 40 feet apart over the area to be 
protected. Fences are supported by wooden or metal posts. 

Purpose 
To reduce wind velocity at the ground surface and trap blowing sand. 
Typically used for rebuilding frontal dunes along coastal areas. 

Where Practice Applies 
.,. Across open bare, sandy soil areas subject to frequent winds, where 
the trapping of blowing sand is desired. 
,. Wind fences are used primarily to build frontal ocean dunes (to control 
erosion from wave overwash and flooding). 
,. Sand fences can also be used to prevent sand from blowing off 
disturbed areas onto roads or adjacent property. 

Planning Considerations 
When wind fences are approximately two-thirds full, another series 

of fences is erected. In this manner, dunes can be built 2 to 6 feet high or 
more during a single season. When the dune has reached the approximate 
height of other mature dunes or when the building process slows 
significantly, stabilize with appropriate vegetation. 

Installation 
Install sand fences in spring or early summer and seed selected 

permanent vegetation in the fall or the following spring. 
Erect a windward fence parallel to existing dune (generally 

perpendicular to the prevailing onshore wind), at least one foot above the 
maximum annual high water elevation. Locate a second fence generally 
parallel to the first at the top edge of the eroded dune bank. Space 
additional parallel fences 30 - 40 feet apart as needed over the area to be 
built up. 

A second set of fences may be erected perpendicular to the first to 
protect captured dune sand from cross winds. Space perpendicular fences 
a greater distance apart (50-75 feet). 

Support fencing material with 2 x 4-inch or 3-inch round posts, 6 feet 
long minimum, driven firmly into the ground at least 2 feet and spaced 
approximately 12 feet apart. Alter spacing so that posts are placed at all 
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low points. Secure fencing to windward side of posts by tying or nailing. 
Press bottom of fencing material firmly into the ground at all points. 

Raising the Dune 
When the fence system is approximately two-thirds filled with 

sand, erect another series of fences until desired dune height is 
reached. 

Final Stabilization 
When the dune-building process slows significantly, the dune must 

be permanently stabilized. Planting should begin in November and be 
completed the following spring even if the dune has not reached the 
desired height. Vegetation hastens the building process. Maintain fences 
until vegetation is well established. 

Common Trouble Points 

Bottom fence located too low 
Fence washes out. 
Fences not maintained long enough 
Some seasons provide little opportunity for dune building and fences 
may have to be maintained for longer periods. 
Dune not adequately stabilized with permanent vegetation 
Dune is subject to erosion during storms, even with sand fences in 
place. 
Fencing material placed on leeward side of posts or not adequately secured 
Sections of fence collapse. 
Posts not driven deep enough 
Fence collapses. 
Fence system located too near the ocean 
Not enough sand source for dune building. 

Maintenance 
Inspect sand fences periodically, and immediately following storms. 

Repair damaged sections of fence promptly. 
Maintain fences until vegetation is well established. 
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.n.,,.,.,.a..._ •• u.,,"'~'-., Department of Environmental Protection, Office of 
Watershed Management, Nonpoint Source Program, Massachusetts 
Nonooint Source Manazement Manug/Boston, Massachusetts, June, 1993. 

North Carolina Department of Environment, Health, and Natural Resources, 
Erosion and Sediment ControiFieldManug/, Raleigh, NC: February 1991. 

A sediment basin is a settling pond with a controlled storm water 
release structure used to collect and store sediment produced by 
construction activities. A sediment basin can be constructed by excavation 
or by placing an earthen embankment across a low area or drainage swale. 
Sediment basins can be designed to maintain a permanent pool or to drain 
completely dry. The basin detains sediment-laden runoff long enough to 
allow most of the sediment to settle out. 

Purpose 
co To collect and store sediment from sites cleared and/or graded during 
construction or for extended periods of time before reestablishment of 
permanent vegetation or construction of structures. 
co To retain sediment on the construction site and prevent off-site 
sedimentation. 

Where Practice Applies 
Sediment basins are needed where other erosion control measures are 

not adequate to prevent offsite sedimentation. 
A sediment basin should be used only where is sufficient space and 

appropriate topography. The basin should be made large enough to handle 
the maximum expected amount of site drainage. 

Fencing around the basin may be necessary for safety or vandalism 
reasons. 

A sediment basin used in combination with other control measures, 
such as seeding or mulching, is especially effective for removing 
sediments. 

Dam Safety Regulations must be followed where applicable. 
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Advantages 
Protects downstream areas from clogging or damage due to 

sediment deposits generated during construction activities. 
Because of additional detention time, sediment ponds may 

be capable of trapping smaller-sized sediment particles than other 
practices. They are most effective, however, when used in conjunction 
with other practices such as seeding or mulching. 

Disadvantages/Problems 
Ponds may become an "attractive nuisance" and a safety hazard. 
Sediment ponds are only effective in removing sediment down 

to about the medium silt size fraction. Sediment-laden runoff with 
smaller-size fractions (fine silt and clay) will pass through untreated; 
emphasizing the need control erosion to the maximum extent first. 

Planning Considerations 
Sediment basins are usually constructed by building a low earthen 

dam across a drainageway to form a temporary sediment storage 
pool. A properly designed spillway outlet with adequate freeboard is 
essential. 

A sediment basin may be created by excavation, construction of a 
compacted embankment, or a combination of both. It may have one or 
more inflow points carrying polluted runoff. 

Basins should be installed before clearing and grading begin. 
To improve trap efficiency the basin should have the maximum 

surface area possible, and sediment should enter the basin as far from 
the outlet as possible. 

Sediment basin life should be limited to 3 years, unless it is 
designed as a permanent structure. 

Effectiveness 

117 

Sediment basins are at best only 70-80 percent effective in trapping 
sediment which flows into them. Therefore, they should be used in 
conjunction with erosion control practices such as temporary seeding, 
mulching, diversion dikes, etc. to reduce the amount of sediment 
flowing into the basin. Sediment basins are most effective when 
designed with a series of chambers. 

location 
Locate sediment basins only in upland areas, not wetlands. 
Ensure that basin location provides a convenient concentration 

point for sediment laden flows from the area served. 
To improve the effectiveness of the basin, it should be located 

so as to intercept the largest possible amount of runoff from the 
disturbed area. The best locations are generally on relatively flat terrain 
downstream from disturbed areas. 
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Drainage into the basin can be improved by the use of diversion dikes 
and ditches. 

The basin must not be located in a stream but should be located to 
trap sediment-laden runoff before it enters the stream. 

The basin should not be located where its failure would result in the 
loss of life or interruption of the use or service of public utilities or roads. 

Diversions 
Divert sediment-laden water to upper end of sediment pool to 

improve trap effectiveness. Bring all water into the basin at low velocity to 
prevent erosion. 

Divert runoff from undisturbed areas away from basin. 

Multiple Use 
Sediment basins may be designed as permanent structures to remain 

in place after construction is completed for use as stormwater detention 
ponds. Sediment must be removed from the pond when construction is 
complete to prepare the pond for permanent use. 

Design Recommendations 
Drainage area- Not more than 100 acres. 
Sediment storage- The sediment basin should have a minimum volume 
based on }-2 inch of storage for each acre of drainage area. This volume 
equates to 1800 cubic feet of storage or 67 cubic yards for each acre of 
drainage area. 
Trap efficiency - Length-to-width ratio should be 2:1 or greater; divert 
inflow to upper end of basin to avoid short-circuiting flow.' Length is 
defined as the average distance from the inlet to the outlet of the trap. 
Baffles to spread the flow throughout the basin should be included. 
Dewatering- Perforate riser and cover holes with gravel. 
Total spillway capacity -10-year peak flow with 1 foot freeboard. 

Principal Spillway 
Riser and barrel- Usually vertical pipe riser with horizontal pipe barrel; 
must withstand the maximum external loading without yielding, buckling, 
or cracking. Pipe connections must be watertight. 
Capacity Minimum of 0.2 cfs/acre of drainage. 
Barrel diameter- 8-inch corrugated pipe minimum, or 6-inch smooth-wall 
pipe minimum. 
Riser cross-sectional area- 1.5 x barrel area, minimum. 
Dewatering - Perforate lower half of riser in each outside valley with ~inch 
holes spaced approximately 3 inches. If corrugated pipe is used, locate 
holes along each outside valley. Cover with 2 ft of ~ to *-inch aggregate. 
Crest of principal spillway - One foot minimum below elevation of 
emergency spillway crest. 
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Seepage prevention - At least one watertight antiseep collar with a 
minimum projection of 2 feet is required around barrel of pipes 8 inches 
in diameter or larger. The antiseep collar(s) shall increase by 15 percent 
the seepage path along the pipe from the riser to downstream toe of 
dam. 
Anti-:flotation block~ Riser must be held in place with an anchor having 
buoyant weight greater than 1.1 times the weight of water displaced by 
riser and any exposed portion of barrel. 
Trash guard- Required at top of riser. 
Outlet- Must be stable for design pipe discharge. Install rip rap outlet 
apron unless foundation is rock. 

Emergency Spillway 
Capacity- 10-year peak flow, minus flow in principal spillway. 
Location - Construct in undisturbed soil- not fill. 
Cross section - Trapezoidal with side slopes 3: 1 or flatter. 
Control section - Level and straight, at least 20 feet long. Outlet section 
must be straight. 
Embankment- Top width 8 feet minimum for dam height less than 10 
feet. 10 feet minimum for dam height of 10 to 15 feet. 
Side slopes- 2.5:1 or flatter. 
Settlement allowance - 10% of design height. 
Cutoff trench- Required tinder centerline of dam, depth 2 feet minimum 
into undisturbed firm mineral soil. Extend trench up each abutment 
to elevation of emergency spillway crest. The bottom width should 
be wide enough to permit operation of excavation and compaction 
equipment, but not less than 4 feet wide. Side slopes should be no 
steeper than 1:1. 
Fill material- The fill material should be clean mineral soil free of roots, 
woody vegetation, oversized stones, rocks, or other objectionable 
material. Relatively pervious materials such as sand or gravel (Unified 
Soil Classification GW, GP, SW, and SP) should not be used in the fill. 
Freeboard- "Freeboard" is the difference between the design flow 
elevation in the emergency spillway and the top elevation of the 
embankment. Minimum freeboard should be one foot. 

Construction Recommendations 
Site Preparation 

The sediment basin should be as close to the sediment source 
as site conditions allow considering soils, pool area, dam length, and 
spillway conditions. Delay clearing pool until dam is complete to reduce 
erosion and off-site sedimentation. 

Clear, grub, and strip dam location. Excavate area for the outlet 
apron. 

Remove surface soil containing high amounts of organic matter 
and stockpile for later use. Clear sediment pool to facilitate sediment 
clean out. 
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Dispose of trees, limbs, logs, and other debris in designated disposal 
areas. 
Cutoff Trench 

Excavate cutoff trench along dam centerline extending up both 
abutments to elevation of principal spillway crest. 

Cut trench into stable soil material, at least 2 ft wide and at least 2 ft 
deep with side slopes lH: IV or flatter. 

Backfill with clayey soil if available. Compaction r~.;quirements: same 
as those for embankment. The trench should be de-watered during the 
backfilling and compaction operations. 
Principal Spillway 

Use only approved watertight assemblies as shown in the plans 
for all pipe connections. Rod and lug connector bands with gaskets 
are recommended for corrugated pipe. Do not use dimple (universal) 
connector bands. Connection between pipe and anti-seep collar must be 
watertight. 

Place barrel and riser on firm, even foundation. Install anti-seep 
collar(s) slightly downstream of dam centerline. 

Place moist, clayey, workable soil around pipe and anti-seep collars. 
Do not use pervious material such as sand, gravel, or silt. Compact 4-
inch layers of soil, by hand, under and around pipe and collars to at least 
the density of foundation soil. Avoid raising pipe from firm contact with 
foundation while compacting material under pipe haunches. 

Cover pipe to a depth of 2 feet minimum of hand-compacted backfill 
. before crossing it with construction equipment. 

Anchor riser in place with concrete to prevent flotation. Embed riser 
at least 6 inches into concrete. 

Install trash guard with bars spaced 2-3 inches apart. 
Install riprap apron at pipe outlet, width 5 ft minimum. Extend apron 

to stable grade (length 10 ft minimum). Use well-graded stone with "d50" of 
9 inches minimum. 
Embankment 

Scarify base of dam before placing fill. 
Fill material should be placed in 6-to 8-inch continuous layers over 

the entire length of the fill and compacted. Save the least permeable soil 
for center portion of dam. Place the most permeable soil in downstream 
toe. 

Compaction may be obtained by routing the hauling equipment over 
the fill so that the entire surface of each layer of the fill is traversed by at 
least one wheel or tread track of the equipment. If compaction is obtained 
with hauling equipment, an elevation 10 percent higher than the design 
height is required to allow for settlement. If compactors are used for 
compaction, the overbuild may be reduced to not less than 5 percent. 

Fill material must contain sufficient moisture that it can be formed 
by hand into a ball without crumbling. If water can be squeezed out of the 
ball, it is too wet for proper compaction. 

Construct dam to lines and grades shown in plan. Side slopes must be 
2.5:1 or flatter. 
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Compact fill material in 6- to 8-inch continuous layers over length of 
dam. Compaction may be obtained by routing construction equipment 
over fill so that the entire surface of each layer is traversed by at least one 
wheel of compacting equipment. Protect spillway barrel with 2 ft of hand­
compacted fill before traversing with equipment 

Construct embankment 10% higher than design height to allow for 
settlement. 
Emergency Spillway 

Cut emergency spillway in undisturbed soil to lines and grade shown 
in the approved plan. Side slopes must be 3:1 or flatter. 

Control section must be level and straight, 20 ft long minimum. Exit 
section must be straight. 

Vegetate spillway as soon as grading is complete, following all 
requirements in vegetation plan. Anchor mulch in spillway with netting. 

Install paving material to finished grade if spillway is not to be 
vegetated. 
Clean out 

Place reference stake at sediment cleanout elevation (50% of design 
volume). 
Erosion Control 

Minimize the area disturbed and time of exposure. 
Excavate the outlet apron area first, to use as a sediment trap during 

construction of dam. 
Use temporary diversions to prevent surface water from running onto 

disturbed areas. 
Construct embankment before clearing the sediment pool. 
Stabilize all disturbed areas except lower one-half of sediment basin 

immediately after construction. 

Safety 
Sediment basins should be installed only on sites where failure of the 

structure would not result in loss of life, damage to homes or buildings, or 
interruption of use or service of public roads or utilities. 

Sediment basins are attractive to children and can be very 
dangerous. 

Keep sediment pool dewatered between storms. 
Construct side slopes 2:1 or flatter in pool area. 
Fence area if trespassing is likely. Post signs warning the public of 

hazards of soft sediment and floodwater. 
Follow all state and local requirements. 

Common Trouble Points 
Piping failure along conduit 
Due to lack of proper compaction, omission of anti-seep collar, or leaking 
pipe joints. 
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Erosion of spillway or embankment slopes 
Due to inadequate vegetation or improper grading and sloping. 
Slumping and/or settling of embankment 
Due to inadequate compaction and/or use of poor-quality fill material. 
Slumping failure 
Due to steep side slopes. 
Erosion and caving below pipe 
Due to inadequate outlet protection. 
Basin not located properly for access 
Makes maintenance difficult and costly. 
Sediment not properly removed 
Leaves inadequate storage capacity. 
Lack of anti-jiotation pipe 
Damage from uplift. 
Lack of trash rack 
Barrel and riser blocked with debris. 
Elevations of principal spillway and emergency spillway too high relative to 
topofdam 
Potential failure from overtopping. 

Maintenance 
Sediment basins should be readily accessible for maintenance and 

sediment removal. The sediment basin should remain in operation and 
be properly maintained until the site area is permanently stabilized by 
vegetation and/or when permanent structures are in place. 

Inspect sediment basins after each significant rainfall. 
Remove and properly dispose of sediment when it accumulates 

to one-half design volume (level marked by reference stake). The 
effectiveness of a sediment pond is based less on its size than on regular 
sediment removal. 

Check embankment, emergency spillway, and outlet for erosion 
damage. 

Check embankment for: settlement, seepage, or slumping along the 
toe or around pipe. Look for signs of piping. Repair immediately. Remove 
trash and other debris from principal spillway, emergency spillway, and 
pool area. 

Clean or replace gravel when sediment pool does not drain properly. 
Remove basin after drainage area has been permanently stabilized, 

inspected, and approved. Before removing dam, drain water and remove 
sediment; place waste material in designated disposal areas. Smooth site 
to blend with surrounding area and stabilize. 
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A temporary sediment barrier consisting of a filter fabric stretched 
across and attached to supporting posts and entrenched. The sediment 
fence is constructed of stakes and synthetic filter fabric with a rigid wire 
fence backing where necessary for support. 

Sediment fence can be purchased with pockets presewn to accept 
use of steel fence posts. 

Purpose 
A sediment fence intercepts and detains small amounts of sediment 

from disturbed areas during construction operations and reduces runoff 
velocity down a slope. 

Sediment fences may also be used to catch wind-blown sand and to 
create an anchor for sand dune creation. 

Where Practice Applies 
.,. Below small disturbed areas of less than ~ acre per 100 feet of fence, 
where runoff may occur in the form of sheet and rill erosi.on . 
.,. Where there is no concentration of water in a channel or ot:!her 
drainageway above the fence, and drainage area is usually not more 
than 1- Y.2 acres . 
.,. Where runoff can be stored behind the sediment fence without 
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damaging the fence, or the submerged area behind the fence . 
.,. Where erosion would occur only in the form of sheet erosion . 
.,. Do not install sediment fences across streams, ditches, or waterways. 

Advantages 
.,. Removes sediments and prevents downstream damage from sediment 
deposits 
.,. Reduces the speed of runoff flow 
.,. Minimal clearing and grubbing required for installation 
.,. Sediment fences trap a much higher percentage of suspended 
sediments than straw bales. 

Disadvantages/Problems 
Sediment fences are not practical where large flows of water are 

involved. Their use is recommended only for small drainage areas, and 
flow rates of less than 0.5 cfs. 

Flow should not be concentrated; it should be spread out over many 
linear feet of sediment fence. 

Problems may arise from incorrect selection of filter fabric or from 
improper installation. 

Sediment fences are not an adequate method of runoff control for 
anything deeper than sheet or overland flow. 

Planning Considerations 
Sediment fences should be located where they will trap sediment; that 

is, where there will be contributing runoff. A sediment fence, located along 
the top of a ridge serves no useful purpose, except as it may be used to 
mark limits of a construction area. A sediment fence located at the upper 
end of a drainage area performs no sediment-collecting function. 

Sediment fences are preferable to straw barriers in many cases. While 
the failure rate is lower than that of straw barriers there are, however, 
many cases in which sediment fences have been improperly installed. 

Sediment fences have a low permeability to enhance sediment 
trapping. This will create ponding behind the fence, so they should not be 
located where ponding will cause property damage or a safety hazard. 

The sedimentation pool behind the fence is very effective and may 
reduce the need for sediment basins and traps. 

Sediment fences may be designed to store all the runoff from the 
design storm or located to allow bypass flow when the temporary 
sediment pool reaches a predetermined level. 

The drainage area must be restricted and the fence located· so that 
water depth does not exceed 1.5 feet at any point. 

The expected life of a sediment fence is generally six months. 

Erosion and Sediment Control Guidelines 



Erosion and Sediment Control Practices 125 

To use sediment fences effectively, provide access to the locations 
where sediment accumulates and provide reinforced, stabilized outlets 
for emergency overflow. ( 

Sediment fence is most effective when used in conjunction with 
other practices such as perimeter dikes or diversions. 

Allow for safe bypass of storm flow to prevent overtopping failure 
of fence. 

Do not install sediment fence across intermittent or permanent 
streams, channels, or any location where concentrated flow is 
anticipated. 

It is not necessary to use straw or hay bales together with a 
sediment fence. 

Design Recommendations 
Depth of impounded water should not exceed 1.5 feet at any point 

along the fence. 
Drainage area 
Limited to Y-4. acre per 100 ft of fence, and no more than 1.5 acres in total; 
or in combination with a sediment basin on a larger site. Area is further 
restricted by slope steepness as shown in the following table. 

Land Slope (%) 
2 
5 
10 
20 
30 

location 

Maximum Slope 
Distance Above Fence (feet) 

250 
180 
100 
50 
30 

Locate the fence at least 10 feet from the toe of steep slopes to 
provide sediment storage and access for cleanout. 

The fence line should be nearly level through most of its length to 
impound a broad, temporary pool. The last 10 to 20 feet at each end 
of the fence should be swung slightly uphill (approximately 0.5 feet in 
elevation) to provide stroage capacity. 

Stabilized outlets are required for bypass flow, unless the fence is 
designed to retain all runoff from the 10-year storm. 

The fence line may run slightly off level (grade less than 1 %) if it 
terminates in a level section with a stabilized outlet, diversion, basin, or 
sediment trap. There must be no gullying along the fence or at the ends. 
A sediment fence should not be used as a diversion. 

Materials and Use 
Filter Fabric 
The filter fabric used in a sediment fence must have sufficient strength 
to withstand various stress conditions. It also must have the ability to 
allow passage of water while retaining soil particles. Filter fabric for a 
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sediment fence is available commercially. 
Support posts 
Four-inch diameter pine, 1.33 lb./linear ft. steel, or sound quality hardwood 
with a minimum cross sectional area of 3.0 square inches. Steel posts 
should have projections for fastening fabric. 
Drive posts securely, at least 16 inches into the ground, on the downslope 
side of the trench. Spa.ce posts a maximum of 8 feet if fence is supported 
by wire, 6 feet if extra-strength fabric is used without support wire. Adjust 
spacing to place posts at low points along the fenceline. 
Support wire 
Wire fence (14 gauge with 6-inch mesh) is required to support standard­
strength fabric. 

Reinforced, stabilized outlets 
Any outlet where storm flow bypass occurs must be stabilized against 

erosion. 
Set outlet elevation so that water depth cannot exceed 1.5 feet at the 

lowest point along the fenceline. 
Set fabric height at 1 foot maximum between support posts spaced 

no more than 4 feet apart. Install a horizontal brace between the support 
posts to serve as an overflow weir and to support top of fabric. Provide 
a riprap splash pad a minimum 5 feet wide, 1 foot deep, and 5 feet long 
on level grade. The finished surface of the riprap should blend with 
surrounding area, allowing no overfall. The area around the pad must be 
stable. 

Construction Recommendations 
Dig a trench approximately 8 inches deep and 4 inches wide, or a V­

trench; along the line of the fence, upslope side. 
Fasten support wire fence securely to the upslope side of fence posts 

with wire ties or staples. Wire should extend 6 inches into the trench. 
Attach continuous length of fabric to upslope side of fence posts. 

Avoid joints, particularly at low points in the fence line. Where joints are 
necessary, fasten fabric securely to support posts and overlap to the next 
post. 

Place the bottom one foot of fabric in the trench. Backfill with 
compacted earth or gravel. 

Filter cloth shall be fastened securely to the woven wire fence with 
ties spaced every 24 inches at the top, mid-section, and bottom. 

To reduce maintenance, a shallow sediment storage area may be 
excavated on the upslope side of fence where sedimentation is expected. 

Provide good access to deposition areas for cleanout and 
maintenance. 

Sediment fences should be removed when they have served their 
useful purpose, but not before the upslope area has been permanently 
stabilized. Retained sediment must be removed and properly disposed of, 
or mulched and seeded. 
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Common Trouble Points 
Fence sags or collapses: 

Drainage area too large, 
.,. Too much sediment accumulation allowed before cleanout, 
.,. Approach too steep, or 
.,. Fence not adequately supported. 
Fence fails from undercutting: 
.,. Bottom of fence not buried at least 8 inches' at all points, 
.,. Trench not backfilled with compacted earth oi gravel, 
.,. Fence installed on excessive slope, or 
,. Fence located across drainage way. 
Fence is overtopped: 
.,. Storage capacity inadequate, or 
.,. No provision made for safe bypass of storm flow, or 
,. Fence located across drainage way. 
Erosion occurs around end of fence: 
.,. Fence terminates at elevation below the top of the temporary pool. 
.,. Fence terminates at unstabilized area, or 
.,. Fence located on excessive slope. 

Maintenance 
A sediment fence requires a great deal of maintenance. Silt fences 

should be inspected immediately after each rainfall and at least daily 
during prolonged rainfall. Repair as necessary. 

Remove sediment deposits promptly to provide adequate storage 
volume for the next rain and to reduce pressure on fence. Take care to 
avoid undermining fence during cleanout. 

If the fabric tears, decomposes, or in any way becomes ineffective, 
replace it immediately. 
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Replace burlap used in sediment fences after no more than 60 days. 
Remove all fencing materials after the contributing drainage area has 

been properly stabilized. Sediment deposits remaining after the fabric has 
been removed should be graded to conform with the existing topography 
and vegetated. 
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Minnick, E. L., and H. T. Marshall, Stormwater Manw:ement and Erosion 
Control for UrJ,.an and Developing Areas in New Hampshire, Rockingham 
County Conservation District, August 1992. 

North Carolina Department of Environment, Health, and Natural Resources, 
Erosion and Sediment Control Field Manual, Raleigh, NC, February 1991. 

"Proper Silt Fence Performance," Erosion Control, The Journal For Erosion & 
Sediment Control Professionals, Vol. 1, No.3, July/August 1994. 

U. S. Environmental Protection Agency, Storm Water Management For 
Construction Activities, EPA-832-R- 92-005, Washington, DC, September, 1992 . 

Washington State Department of Ecology, Stormwater Manazement Manual 
for the Paget Sound Basin, Olympia, WA, February, 1992. 

trap is formed by excavating a pond or by placing an 
earthen embankment across a low area or drainage swale. An outlet or 
spillway is constructed using large stones or aggregate to slow the release 
of runoff. The trap retains the runoff long enough to allow most of the silt 
to settle out. 

Purpose 
A sediment trap intercepts sediment-laden runoff from small 

disturbed areas and detains it long enough for the majority of the sediment 
to settle out. 

Where Practice Applies 
A sediment trap is installed: 

As close to the disturbed area or source of sediment as physically 
possible; 

Where the drainage area is less than 5 acres; and 
Where runoff from undisturbed areas can be excluded from the 

structure. 
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A sediment trap may be used in conjunction with other temporary 
measures, such as gravel construction entrances, vehicle wash areas, 
slope drains, diversion dikes and swales, or diversion channels. 

Advantages 
Reduced sediment deposits downstream. 
Is inexpensive and simple to install . 

.,. Can simplify the design process by trapping sediment at specific 
spots onsite. 
"" Disadvantages/Problems 
,. Effective only if properly maintained. 
"" Will not remove very fine silts and clays . 
.,. Serves only limited areas. 

Planning Considerations 
Temporary sediment traps are usually installed in drainage ways 

with small watersheds. They may be used at a storm drain inlet or 
outlet. 

Locate sediment trap as near the sediment source as topography 
allows. 

Divert runoff from all undisturbed areas away from sediment trap. 
Sediment traps should be installed before any land disturbance 

takes place in the drainage area. 

Design Recommendations 
Drainage area - Not more than 5 acres. 
Sediment storage- The sediment trap should have a minimum volume 
based on ~ inch of storage for each acre of drainage area. This volume 
equates to 1800 cubic feet of storage or 67 cubic yards for each acre of 
drainage area. 
Trap efficiency- Length-to-width ratio should be 2:1 or greater; divert 
inflow to upper end of basin to avoid short-circuiting flow. Length is 
defined as the average distance from the inlet to the outlet of the trap. 
Structure life- Limited to 2 years. 
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Embankment- The maximum height of the sediment trap embankment 
should be 5 feet when measured from the lowest point of natural ground 
on the downstream side of the embankment. The minimum top width of 
the embankment should be 5 feet. The side slopes of the embankment 
should be 2:1, horizontal to vertical, or flatter. 
Excavations- When excavation is necessary to obtain the requireq 
storage, the side slopes should be no steeper than 2:1, horizontal to 
vertical, in the excavated portion of the basin. 
Outlets- The outlet should be designed so that sediment does not leave 
the trap and erosion does not take place below the outlet. The outlets 
must empty onto undisturbed ground, into a water course, stabilized 
channel or a storm sewer system. 
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Capacity - 1 0-yr peak storm. 
Stone- Hard, angular, well-graded mixture with "d50" of 9 inches minimum. 
Inside facing lined with a 1-foot thick layer of Y2- to ~-inch washed 
aggregate. 
Side slopes- Spillway and excavated basin, 2:1 or flatter. 
Protection from "piping"- Filter fabric or a cut-off trench is required 
between the stone spillway outlet section and the compacted 
embankment. 
Spillway depth - 1.5 ft minimum below designed, settled top of 
embankment. Freeboard - 0.5 foot minimum. 
Spillway width 

Drainage 
Area 

(acres) 
1 
2 
3 
4 
5 

Minimum 
Bottom Width 

(feet) 
4.0 
6.0 
8.0 

10.0 
12.0 

Outlet apron - 5-ft long, minimum, on level grade with filter fabric 
foundation. 

Construction Recommendations 
Embankment 
.,. Clear, grub, and strip all vegetation and root mat from area of 
embankment. Use stable mineral soil free of roots, rocks, debris, organic 
material, and other objectionable material. 
"" Place- embankment fill in 9-inch lifts, maximum. The fill should be 
compacted by routing construction equipment so that the entire area of 
the fill is transversed by at least one wheel or tread track of the equipment. 
Construct side slopes 2:1 or flatter (3: 1 recommended for backslope to 
improve stability of stone spillway). 

Overfill embankment to 6 inches above design elevation to allow for 
settlement . 
.,. Outlet crest elevations should be at least one foot below the top of the 
embankment. 
Outlet Section 
"" Excavate trapezoidal stone outlet section from compacted 
embankment. Allow for thickness of stone side slopes (21 inches 
minimum). 

Install filter fabric under riprap. Extend fabric up the sides to top of 
embankment. 
A place-specified stone to lines and grades shown on plans, working the 
smaller stones into the voids to achieve a dense mass. Spillway crest 
must be level with minimum inside dimension specified in plan. Measure 
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spillway depth from the highest stones in the spillway to the design 
elevation of dam. Minimum depth is 1.5 foot. 

Keep sides of the stone outlet section at least 21 inches thick 
through the level section and the downstream face of dam. 

Extend outlet apron below toe of dam on level grade until stable 
conditions are reached (5 feet minimum). Edges and end of the stone 

· apron section must be flush with surrounding ground. No overfall 
should exist . 
.,. Cover inside face of stone outlet section with a 1-foot thick layer of 
\& to %-inch aggregate. 
Vegetation 
All embankments, earth spillways, and disturbed areas downstream 
from the structure should be vegetated within 3 days of completion 
of the construction of the structure. If the structure is not planned 
for more than one vegetative growing season, the structure may be 
vegetated using in Temporary Seeding recommendations. Basins 
that will be carried over the winter and into the next vegetative 
growing season should be vegetated using Permanent Seeding 
recommendations. 

Common Trouble Points 
Inadequate spillway size 
Results in overtopping of dam, poor trap efficiency and possible failure 
of the structure. Modification of the plan may be required. 
Omission of or improper installation of .filter fabric 
Results in washout under sides or bottom of the stone outlet section 
(piping). 
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Low point in embankment caused by inadequate compaction and settling 
Results in overtopping and possible failure. 
Stone outlet apron does not extend to stable grade 
Results in erosion below the dam. 
Stone size too small or backslope too steep 
Results in stone displacement. 
Inadequate vegetative protection 
Results in erosion of embankment. 
Inadequate storage capacity 
Sediment not removed from basin frequently enough. 
Contact slope between stone spillway and earth embankment too steep 
Piping failure is likely. 
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Maintenance 
The effective life of a sediment trap depends upon adequate 

maintenance. The trap should be readily accessible for periodic 
maintenance and sediment removal. 

Set a stake at one-half the design depth. This will be the "cleanout 
leveL" Remove sediment when it has accumulated to one-half the design 
depth. 

Inspect sediment traps after each significant rainfall event. Repair any 
erosion and piping holes immediately. 

Clean or replace spillway gravel facing if clogged. 
Promptly replace any displaced riprap, being careful that no stones in 

the spillway are above design grade. 
Inspect vegetation; reseed and remulch if necessary. 
Check spillway depth periodically to ensure minimum of 1.5 ft depth 

from lowest point of the settled embankment to highest point of spillway 
crest. Fill any low areas of the embankment to maintain design elevation. 

After all sediment-producing areas have been stabilized, inspected, 
and approved, remove the structure and all unstable sediment. Smooth site 
to blend with adjoining areas and stabilize in accordance with vegetation 
plan. 

Minnick, E. L., and H. T. Marshall, Stormwater Man~ement and Erosion 
Control for Urban and Developinf[ Areas in New Hampshire, Rockingham 
County Conservation District, August 1992 . 

North Carolina Department of Environment, Health, and Natural Resources, 
Erosion and Sediment Control Field Manual, Raleigh, NC, February 1991. 

U.S. Environmental Protection Agency, Storm Water Mancu:ement For 
Construction Activities, EPA-832-R- 92-005, Washington, DC, September, 1992. 

Washington State Department of Ecology, Stormwater Man~ement Manual 
for the Pwet Sound Basin, Olympia, WA, February, 1992. 

establishment of perennial vegetative cover on disturbed areas. 

Purpose 
Permanent seeding of grass and planting trees and shrubs provides 

stabilization to the soil by holding soil particles in place. 
Vegetation reduces sediments and runoff to downstream areas by 

slowing the velocity of runoff and permitting greater infiltration of the 
runoff. 
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Vegetation also filters sediments, helps the soil absorb water, 
improves wildlife habitats, and enhances the aesthetics of a site. 

Where Practice Applies 
,. Permanent seeding and planting is appropriate for any graded or 
cleared area where long-lived plant cover is needed to stabilize the soil. 
,. Areas which will not be brought to final gra9e for a year or more. 
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,. Some areas where permanent seeding is especially important are filter 
strips, buffer areas, vegetated swales, steep slopes, and stream banks . 
.,. This practice is effective on areas where soils are unstable because of 
their texture or structure, high water table, winds, or steep slope. 

Advantages 
Advantages of seeding over other means of establishing plants 

include the small initial establishment cost, the wide variety of grasses 
and legumes available, low labor requirement, and ease of establishment 
in difficult areas. 

Seeding is usually the most economical way to stabilize large areas. 
Well established grass and ground covers can give an aesthetically 

pleasing, finished look to a development. 
Once established, the vegetation will serve to prevent erosion and 

retard the velocity of runoff. 

Disadvantages/Problems 
Disadvantages which must be dealt with are the potential for 

erosion during the establishment stage, a need to reseed areas that fail 
to establish, limited periods during the year suitable for seeding, and a 
need for water and appropriate climatic conditions during germination. 
Vegetation and mulch cannot prevent soil slippage and erosion if soil is 
not inherently stable. 

Coarse, high grasses that are not mowed can create a fire hazard in 
some locales. Very short mowed grass, however, provides less stability 
_and sediment filtering capacity. 

Grass planted to the edge of a watercourse may encourage fertilizing 
and mowing near the water's edge and increase nutrient and pesticide 
contamination. 

Depends initially on climate and weather for success. 
May require regular irrigation to establish and maintain. 

Planning considerations 
Selection of the right plant materials for the site, good seedbed 

preparation, timing, and conscientious maintenance are important. 
Whenever possible, native species of plants should be used for 
landscaping. These plants are already adapted to the locale and 
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survivability should be higher than with "introduced" species. 
Native species are also less likely to require irrigation, which can be 

a large maintenance burden and is neither cost-effective nor ecologically 
sound. 

If non-native plant species are used, they should be tolerant of a large 
range of growing conditions, as low-maintenance as possible, and not 
invasive. 

Consider the microclimate within the development area. Low areas 
may be frost pockets and require hardier vegetation since cold air tends to 
sink and flow towards low spots. South-facing slopes may be more difficult 
to re-vegetate because they tend to be sunnier and drier. 

Divert as much surface water as possible from the area to be planted. 
Remove seepage water that would continue to have adverse effects 

on soil stability or the protecting vegetation. Subsurface drainage or other 
engineering practices may be needed. In this situation, a permit may be 
needed from the local Conservation Commission: check ahead of time to 
avoid construction delays. 

Provide protection from equipment, trampling and other destructive 
agents. 

Vegetation cannot be expected to supply an erosion control cover and 
prevent slippage on a soil that is not stable due to its texture, structure, 
water movement, or excessive slope. 

Seeding Grasses and Legumes 
Install needed surface runoff control measures S'!JCh as gradient terraces, 
berms, dikes, level spreaders, waterways, and sediment basins prior to 
seeding or planting. 

Seedbed Preparation 
If infertile or coarse-textured subsoil will be exposed during land shaping, 
it is best to stockpile topsoil and respread it over the finished slope at 
a minimum 2- to 6-inch depth and roll it to provide a firm seedbed. If 
construction fill operations have left soil exposed with a loose, rough, or 
irregular surface, smooth with blade and roll. 
Loosen the soil to a depth of 3-5 inches with suitable agricultural or 
construction equipment. 
Areas not to receive top soil shall be treated to firm the seedbed after 
incorporation of the lime and fertilizer so that it is depressed no more 
than }-2 - 1 inch when stepped on with a shoe. Areas to receive topsoil 
shall not be firmed until after topsoiling and lime and fertilizer is applied 
and incorporated, at which time it shall be treated to firm the seedbed as 
described above. This can be done by rolling or cultipacking. 

Cool Season Grasses 
Cool Season Grasses grow rapidly in the cool weather of spring and fall, 
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and set seed in June and July. Cool season grasses become dormant 
when summer temperatures persist above 85 degrees and moisture is 
scarce. 

Lime and Fertilizer 
Apply lime and fertilizer according to soil test and current Extension 
Service recommendations. In absence of a soil test, apply lime (a pH of 
5.5-6.0 is desired) at a rate of 2.5 tons per acre and 10-20-20 analysis 
fertilizer at a rate of 500 pounds per acre ( 40 % of N to be in an organic 
or slow release form). Incorporate lime and fertilizer into the top 2-3 
inches of soil. 

Seeding Dates 
Seeding operations should be performed within one of the following 
periods: 
= Aprill- May 31, 
,. August 1 - September 10, 
"" November 1- December 15 as a dormant seeding (seeding rates 
shall be increased by 50% for dormant seedings). 

Seeding Methods 
Seeding should be performed by one of the following methods. Seed 
should be planted to a depth of Y-1 to Y:2 inches. 
,. Drill seedings, 
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"" Broadcast and rolled, cultipacked or tracked with a small track piece 
of construction equipment, 
.,. Hydroseeding, with subsequent tracking. 

Mulch 
Mulch the seedings with straw applied at the rate of Y:2 tons per acre. 
Anchor the mulch with erosion control netting or fabric on sloping 
areas. 

Warm Season Grasses 
Warm Season Grasses begin growth slowly in the spring, grow rapidly 
in the hot summer months and set seed in the fall. Many warm season 
grasses are sensitive to frost in the fall, and the top growth may die 
back. Growth begins from the plant base the following spring. 

lime and Fertilizer 
Lime to attain a pH of at least 5.5. Apply a 0-10-10 analysis fertilizer at 
the rate of 600 lbs./acre. 
Incorporate both into the top 2-3 inches of soil. (30 lbs. of slow release 
nitrogen should be applied after emergence of grass in the late spring.) 

Erosion and Sedirnent Control G\.lidelines 



( 

} 

l 136 Erosion and Sediment Control Practices 

Seeding Dates 
Seeding operations should be performed as an early spring seeding (April 
1-May 15) with the use of cold treated seed. A late fall early winter dormant 
seeding (November 1 - December 15) can also be made, however the 
seeding rate will need to be increased by 50%. 

Seeding Methods 
Seeding should be performed by one of the following methods: 
<» Drill seedings (de-awned or de-bearded seed should be used unless the 
drill is equipped with special features to accept awned seed). 
,. Broadcast seeding with subsequent rolling, cultipacking or tracking 
the seeding with small track construction equipment Tracking should be 
oriented up and down the slope. 
,. Hydroseeding with subsequent tracking. If wood fiber mulch is used, 
it should be applied as a separate operation after seeding and tracking to 
assure good seed to soil contact. 

Mulch 
Mulch the seedings with straw applied at the rate of Y2 tons per acre. 
Anchor the mulch with erosion control netting or fabric on sloping areas. 

Seed Mixtures for Permanent Cover 
Recommended mixtures for permanent seeding are provided on the 
following pages. Select plant species which are suited to the site conditions 
and planned use. Soil moisture conditions, often the major limiting site 
factor, are usually classified as follows: 
Dry- Sands and gravels to sandy loams. No effective moisture supply from 
seepage or a high water table. 
Moist- Well drained to moderately well drained sandy loams, loams, and 
finer; or coarser textured material with moderate influence on root zone 
from seepage or a high water table. 
Wet- All textures with a water table at or very near the soil surface, or with 
enduring seepage. 
When other factors strongly influence site conditions, the plants selected 
must also be tolerant of these conditions. 
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Notes: 
* Species such as Tumble Lovegrass, Fringed Bromegrass, Wood Reedgrass, Bush 
Clover and Beach Pea, while known to be commercially available from specific seed 
suppliers, may not always be available from your particular seed suppliers. The local 
Natural Resources Conservation Service office may be able to help with a source of 
supply. In the event a particular species listed in a mix can not be obtained, however, it 
may be possible to substitute another species. 
Seed mixtures by courtesy of Natural Resources Conservation Service, Amherst, MA 

(PLS) Pure live Seed 
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Warm Season grass seed is sold and planted on the basis of pure live 
seed. An adjustment is made to the bulk rate of the seed to compensate 
for inert material and non-viable seed. Percent of pure live seed is 
calculated by multiplying the percent purity by the percent germination; 
(% purity) x (% germination)= percent PLS. 
For example, if the seeding rate calls for 10 lbs./acre PLS and the seed 
lot has a purity of 70% and germination of 75%, the PLS factor is: 

(. 70 X • 75) =.53 
10 lbs. divided by .53= approx. 19lbs. 
Therefore, 19lbs of seed from the particular lot will need to be 

applied to obtain 10 lbs. of pure live seed. 
Special Note 
Tall Fescue, Reed Canary Grass, Crownvetch and Birdsfoot Trefoil are no 
longer recommended for general erosion control use in Massachusetts 
due to the invasive characteristics of each. If these species are used, 
it is recommended that the ecosystem of the site be analyzed for the 
effects species invasiveness may impose. The mixes listed in the above 
mixtures include either species native to Massachusetts or non-native 
species that are not perceived to be invasive, as per the Massachusetts 
Native Plant Advisory Committee. 

Wetlands Seed Mixtures 
For newly created wetlands, a wetlands specialist should design 

plantings to provide the best chance of success. Do not use introduced, 
invasive plants like reed canarygrass (Phalaris arundinacea) or purple 
loosestrife (Lythrum salicaria). Using plants such as these will cause 
many more problems than they will solve. 

The following grasses all thrive in wetland situations: 
cg Fresh Water Cordgrass (Spartina pectinata) 
cg Marsh/Creeping Bentgrass (Agrostis stolonifera, var. 

Palustric) 
cg Broomsedge (Andropogon virginicus) 
cg Fringed Bromegrass (Bromus ciliatus) 
cg Blue Joint Reed Grass (Calamagrostis cavedensis) 
cg Fowl Meadow Grass (Glyceria striata) 
cg Riverbank Wild Rye (Elymus riparius) 
cg Rice Cutgrass (Leersia oryzoides) 
cg Stout Wood Reed (Cinna arundinacea) 
cg Canada Manna Grass (Glyceria canadensis) 
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A sample wetlands seed mix developed by The New England 
Environmental Wetland Plant Nursery is shown on the following page. 

Wetland Seed Mixture 
The New England Environmental Wetland Plant Nursery has 

developed a seed mixture which is specifically designed to be used 
in wetland replication projects and stormwater detention basins. It 
is composed of seeds from a variety of indigenous wetland species. 
Establishing a native wetland plant understory in these areas provides 
quick erosion control, wildlife food and cover, and helps to reduce the 
establishment of undesirable invasive species such as Phragmites and 
purple loosestrife (Lythrum salicaria). The species have been selected 
to represent varying degrees of drought tolerance, and will establish 
themselves based upon microtopography and the resulting variation in 
soil moisture. 
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Maintenance 
Inspect seeded areas for failure and make necessary repairs and 

reseed immediately. Conduct or follow-up survey after one year and 
replace failed plants where necessary. 

If vegetative cover is inadequate to prevent rill erosion, overseed and 
fertilize in accordance with soil test results. 

If a stand has less than 40% cover, reevaluate choice of plant materials 
and quantities of lime and fertilizer. Re-establish the stand following 
seedbed preparation and seeding recommendations, omitting lime and 
fertilizer in the absence of soil test results. If the season prevents resowing, 
mulch or jute netting is an effective temporary cover. 

Seeded areas should be fertilized during the second growing season. 
Lime and fertilize thereafter at periodic intervals, as needed. 

North Carolina Department of Environment, Health, and Natural Resources, 
Erosion and Sediment ControlFieldMqnual, Raleigh, NC, February 1991. 

Personal communication, Richard J. DeVergilio, USDA, Natural Resources 
Conservation Service, Amherst, MA. 

U~S. Environmental Protection Agency, Storm Water Mooag-ement For 
Construction Activities, EPA-832-R- 92-005, Washington, DC, September, 1992. 

Washington State Department of Ecology, Stormwater Management Manual 
lor the ]>vet Sound Basin, Olympia, WA, February, 1992. 

Planting rapid-growing · grasses, small grains, or legumes to 
provide initial, temporary cover for erosion control on disturbed areas. 

Purpose 
To temporarily stabilize areas that will not be brought to final grade for a 
period of more than 30 working days. 
To stabilize disturbed areas before final grading or in a season not suitable 
for permanent seeding. 
Temporary seeding controls runoff and erosion until permanent vegetation 
or other erosion control measures can be established. 
Root systems hold down the soils so that they are less apt to be carried 
offsite by storm water runoff or wind. 
Temporary seeding also reduces the problems associated with mud and 

· dust from bare soil surfaces during construction. 
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Where Practice Applies 
On any cleared, unvegetated, or sparsely vegetated soil surface 

where vegetative cover is needed for less than one year. Applications 
of this practice include diversions, dams, temporary sediment basins, 
temporary road banks, and topsoil stockpiles. 

Where permanent structures are to be installed or extensive re­
grading of the area will occur prior to the establishment of permanent 
vegetation. 

Areas which will not be subjected to heavy wear by construction 
traffic. 

Areas sloping up to 10% for 100 feet or less, where temporary· 
seeding is the only practice used. 

Advantages 
This is a relatively inexpensive form of erosion control but should 

only be used on sites awaiting permanent planting or grading. Those 
sites should have permanent measures used. 

Vegetation will not only prevent erosion from occurring, but will 
also trap sediment in runoff from other parts of the site. 

Temporary seeding offers fairly rapid protection to exposed areas. 

Disadvantages/Problems 
Temporary seeding is only viable when there is a sufficient window 

in time for plants to grow and establish cover. It depends heavily on the 
season and rainfall rate for success. 

If sown on subsoil, growth will be poor unless heavily fertilized 
and limed. Because overfertilization can cause pollution of stormwater 
runoff, other practices such as mulching alone may be more 
appropriate. The potential for over-fertilization is an even worse 
problem in or near aquatic systems. 

Once seeded, areas should not be travelled over. 
Irrigation may be needed for successful growth. Regular irrigation 

is not encouraged because of the expense and the potential for erosion 
in areas that are not regularly inspected. 

Planning Considerations 
Temporary seedings provide protective cover for less than 

one year. Areas must be reseeded annual or planted with perennial 
vegetation. 

Temporary seeding is used to protect earthen sediment control 
practices and to stabilize denuded areas that will not be brought 
into final grade for several weeks or months. Temporary seeding can 
provide a nurse crop for permanent vegetation, provide residue for soil 
protection and seedbed preparation, and help prevent dust production 
during construction. 
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Use low-maintenance native species wherever possible. 
Planting should be timed to minimize the need for irrigation. 
Sheet erosion, caused by the impact of rain on bare soil, is the 

source of most fine particles in sediment. To reduce this sediment load 
in runoff, the soil surface itself should be protected. The most efficient 
and economical means of controlling sheet and rill erosion is to establish 
vegetative cover. Annual plants which sprout rapidly and survive for only 
one growing season are suitable for establishing temporary vegetative 
cover. Temporary seeding is effective when combined with construction 
phasing so bare areas of the site are minimized at all times. 

Temporary seeding may prevent costly maintenance operations on 
other erosion control systems. For example, sediment basin clean-outs will 
be reduced if the drainage area of the basin is seeded where grading and 
construction are not taking place. Perimeter dikes will be more effective if 
not choked with sediment. 

Proper seedbed preparation and the use of quality seed are important 
in this practice just as in permanent seeding. Failure to carefully follow 
sound agronomic recommendations will often result in an inadequate 
stand of vegetation that provides little or no erosion control. 

Soil that has been compacted by heavy traffic or machinery may 
need to be loosened. Successful growth usually requires that the soil be 
tilled before the seed is applied. Topsoiling is not necessary for temporary 
seeding; however, it may improve the chances of establishing temporary 
vegetation in an area. 

Planting Procedures 
Time of Planting 

Planting should preferably be done between April 1 and June 30, and 
September 1 through September 30. If planting is done in the months of 
July and August, irrigation may be required. If planting is done between 
October 1 and March 31, mulching should be applied immediately after 
planting. If seeding is done during the summer months, irrigation of some 
sort will probably be necessary. 

Site Preparation 
Before seeding, install needed surface runoff control measures such as 

gradient terraces, interceptor dike/swales, level spreaders, and sediment 
basins. 

Seedbed Preparation 
The seedbed should be firm with a fairly fine surface. 
Perform all cultural operations across or at right angles to the slope. 

See Topsoiling and Surface Roughening for more information on seedbed 
preparation. A minimum of 2 to 4 inches of tilled topsoil is required. 
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Liming and Fertilization 
Apply uniformly 2 tons of ground limestone per acre (100 lbs. per 

1,000 Sq. Ft.) or according to soil test. 
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Apply uniformly 10-10-10 analysis fertilizer at the rate of 400 lbs. per 
acre (14lbs. per 1,000 Sq. Ft.) or as indicated by soil test. Forty percent of 
the nitrogen should be in organic form. 

Work in lime and fertilizer to a depth of 4 inches using any suitable 
equipment. 

Seeding 
Select adapted species from the accompanying table. 
Apply seed uniformly according to the rate indicated in the table by 
broadcasting, drilling or hydraulic application. 
Cover seeds with suitable equipment as follows: 

.,.Rye grass ~ inch 

.,.Millet !.1 to ~ inch 

.,.Oats 1 to 1-1/2 inches 

.,.Winter rye 1 to 1-1/2 inches. 

Mulch 
Use an effective mulch, such as clean grain straw; tacked and/or tied 

down with netting to protect seedbed and encourage plant growth. 

Common Trouble Points 
Lime and fertilizer not incorporated to at least 4 inches 
May be lost to runoff or remain concentrated near the surface where they 
may inhibit germination. 
Mulch rate inadequate or straw mu(ch not tacked down 
Results in poor germination or failure, and erosion damage. Repair 
damaged areas, reseed and mulch. 
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Annual ryegrass used for temporary seeding 
Ryegrass reseeds itself and makes it difficult to establish a good cover of 
permanent vegetation. 
Seed not broadcast evenly or rate too low 
Results in patchy growth and erosion. 

Maintenance 
Inspect within 6 weeks of planting to see if stands are adequate. 

Check for damage after heavy rains. Stands should be uniform and dense. 
Fertilize, reseed, and mulch damaged and sparse areas immediately. Tack 
or tie down mulch as necessary. 

Seeds should be supplied with adequate moisture. Furnish water as 
needed, especially in abnormally hot or dry weather or on adverse sites. 
Water application rates should be controlled to prevent runoff. 

Massachusetts Department of Environmental Protection, Office of 
Watershed Management, Nonpoint Source Program, Massachusetts 
Nonpoint Source Management Manual. Boston, Massachusetts, June, 1993. 

North Carolina Department of Environment, Health, and Natural Resources, 
Erosion and Sediment Control Field Manual, Raleigh, NC, February 1991. 

U.S. Environmental Protection Agency, Storm Water Management For 
Construction Activities, EPA-832-R- 92-005, Washington, DC, September, 1992. 

Washington State Department of Ecology, Stormwater Management Manual 
lor the Puget Sound Basin, Olympia, WA, February, 1992. 

A temporary sediment barrier installed parallel to the bank of a 
stream or lake. Used to contain the sediment produced by construction 
operations on the bank of a stream or lake and allow for its removal. 

Where Practice Applies 
The silt curtain is used along the banks of streams or lakes where 

sediment could pollute or degrade the stream or lake. 
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Planning Considerations 
A silt curtain is useful where construction is on the bank of a 

stream or lake and coarse sediment is a major concern. A silt curtain 
will not keep the water from being muddy during construction 
operations, but it will contain the coarse sediment to the construction 
area. The curtain should obstruct the flow as little as possible to reduce 
the chance of failure. 

Installation Recommendations 
The silt curtain should be a filter fabric recommended by the 

manufacturer for use as a silt curtain. Both ends of the silt curtain 
should be tied into the bank. The silt curtain should be placed as close 
as possible to the bank, allowing room for construction operations 
inside the protected area. In a flowing stream, remove trapped sediment 
before removing the silt curtain. 

The curtain should be anchored to the bottom so sediment cannot 
go beneath the curtain. It should extend above normal water level. It 
can be supported by either stakes or floats of adequate strength. 

Maintenance 
Accumulated sediment must be removed periodically. The curtain 

must be inspected often and after each storm. Any damage must be 
immediately repaired. 

Connecticut Council on Soil and Water Conservation, Connecticut 
Guidelines for Soil Erosion and Sediment Control, Hartford, CT, January, 
1985. 

A pipe extending from top to bottom of a cut or fill slope 
and discharging into a stabilized water course or a sediment trapping 
device or onto a stabilization area. Used to carry concentrated 
runoff down steep slopes without causing gullies, channel erosion, or 
saturation of slide-prone soils until permanentwater disposal measures 
can be installed. 

Where Practice Applies 
This practice applies to construction areas where storm water 

runoff above a cut or fill will cause erosion if allowed to flow over the 
slope. 
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Advantages 
Slope drains provide a potentially effective method of conveying 

water safely down steep slopes. 

Disadvantages/Problems 
Care must be taken to correctly site drains and not underdesign them. 

Also, when clearing takes place prior to installing these drains, care must 
be taken to revegetate the entire easement area, otherwise erosion tends 
to occur beneath the pipeline, resulting in gully formation. 

Planning Considerations 
Temporary slope drains are generally used in conjunction with 

diversions to convey runoff down a slope until permanent water disposal 
measures can be installed. 

There is often a significant lag between the time a cut or fill slope is 
completed and the time a permanent drainage system can be installed. 
During this period, the slope is particularly vulnerable to erosion. This 
situation also occurs on slope construction which is temporarily delayed 
before final grade is reached. 

When used in conjunction with diversion dikes, temporary slope 
drains can be used to convey stormwater from the entire drainage area 
above a slope to the base of the slope without erosion. 

Slope drains must extend downslope to stable outlets, or special 
outlet protection must be provided. 

It is very important that these temporary structures be sized, 
installed, and maintained properly since their failure will often result in 
severe gully erosion. The entrance section must be securely entrenched, all 
connections must be watertight, and the conduit must be staked securely. 

Temporary slope drains should be replaced with'more permanent 
structures as soon as construction activities permit. 

Design Recommendations 
Capacity 
Sufficient to handle a 1 0-year peak flow. Permanent pipe slope drains 
should be sized for the 25-year peak flow. 

Drainage Area 
The maximum drainage area recommended per pipe is ten acres. For larger 
areas, a rock-lined channel or more than one pipe should be installed. 

Material 
Strong, flexible pipe such as heavy duty, non-perforated, corrugated 
plastic. 
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Pipe size 
Based on drainage area: 

Maximum Drainage Minimum Pipe 
Area Per Pipe Diameter 
(Acres) (Inches) 

05 12 
Q75 15 
1.0 18 

>1.0 Individually designed 

Entrance 
The entrance should consist of a standard flared-end section with a 
minimum 6-inch metal toe plate to prevent runoff from undercutting the 
pipe inlet. The slope of the entrance should be at least 3 percent. 
Connection to diversion ridge at top of slope: compacted fill over pipe 
with minimum dimensions 1.5-foot depth, 4-foot top width, and 0.5 foot 
higher than diversion ridge. 
The soil around and under the pipe and entrance section should be 
thoroughly compacted to prevent undercutting. 
The flared inlet section shall be securely connected to the slope drain 
and have watertight connecting bands. 
Slope drain sections shall be securely fastened together and have 
gasketed watertight fittings, and be securely anchored into the soil. 

Interceptor dikes 
Interceptor dikes should be used as needed to direct runoff into a slope 
drain. The height of the dike should be at least 1 foot higher at all points 
than the top of the inlet pipe. 

Outlet 
The area below the outlet must be stabilized with a riprap apron. 
If the pipe slope drain is conveying sediment-laden water, direct all 
flows into the sediment trapping facility. 

Commo.n Trouble Points 
Washout along the pipe due to seepage and piping 
Inadequate compaction, insufficient fill, or installation too close to edge 
of slope. 
Overtopping of diversion caused by undersized or blocked pipe 
Drainage area may be too large. 
Overtopping of diversion caused by improper grade of channel and ridge 
Maintain positive grade. 
Overtopping due to poor entrance conditions and trash build up at pipe 
inlet 
Deepen and widen channel at pipe entrance; inspect and clear inlet 
frequently. 
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Erosion at outlet 
Pipe not extended to stable grade or outlet stabilization structure needed. 
Displacement or separation of pipe 
Tie pipe down and secure joints. 
CAUTION!! 
Do not divert more water to the slope drain than it was designed to carry. 

Maintenance 
Failure of a temporary slope drain can cause severe erosion damage. 

This practice requires intensive maintenance. Inspect slope drains and 
supporting diversions once a week and after every rainfall event. 

Check inlet for sediment or trash accumulation. Clear inlet and restore 
proper entrance condition. The inlet should be free of undercutting, and no 
water should be going around the point of entry. [f there are problems, the 
headwall should be reinforced with compacted earth or sand bags. 

Check fill over pipe for settlement, cracking, or piping holes. Repair 
immediately. 

Check for seepage holes at point where pipe emerges from dike. 
Repair immediately. 

Check conduit for evidence of leaks or inadequate lateral support. 
Repair immediately. 

Check outlet for erosion or sedimentation. Clean, repair, or extend as 
needed. 

When slopes have been stabilized, inspected, and approved, remove 
temporary diversions and slope drains and stabilize all disturbed areas. 

Massachusetts Department of Environmental Protection, Office of 
Watershed Management, Nonpoint Source Program, Massachusetts 
Nonpoint Source Manae-ement Manual. Boston, Massachusetts, June, 1993. 

North Carolina Department of Environment, Health, and Natural Resources, 
Erosion and Sediment Control Field Manual, Raleigh, NC, February 1991. 

Washington State Department of Ecology, Stormwater Management Manual 
for the Pue-et Sound Basin, Olympia, WA, February, 1992 . 
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vuuuu ....... 5 fine-graded disturbed areas by establishing permanent 
grass stands with sod. To provide immediate erosion protection or to 
stabilize drainageways where concentrated overland flow will occur. 

Where Practice Applies 
oo Disturbed areas which require immediate vegetative cover . 
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.,. Waterways carrying intermittent flow: where immediate stabilization 
or aesthetics are factors; where velocities will not exceed that specified 
for a grass lining; and other locations which are particularly suited to 
stabilization with sod . 
.,. Disturbed areas requiring immediate and permanent vegetative 
cover. Locations best suited to stabilization with sod are: 
.,. Areas around drop inlets, when the drainage area has been 
stabilized . 
.,. Steep critical areas. 
oo If mowing is required, do not use grass sod on slopes steeper than 3: 
1. (Use minimum maintenance ground covers.) 

Advantages 
oo Sod gives an immediate vegetative cover, which is both effective in 
checking erosion and is aesthetically pleasing . 
.,. Provides more stabilizing protection than initial seeding through 
dense cover formed by sod . 
.,. Produces lower weed growth than seeded vegetation . 
.,. Can be used for site activities within a shorter time than can seeded 
vegetation . 
.,. Can be placed at any time of the year as long as moisture conditions 
in the soil are favorable and the ground is not frozen. 

Disadvantages/Problems 
.,. Sod is expensive. 
oo Sod is heavy and hand~ing costs are high . 
.,. Good quality sod, free from weed species, may be difficult to obtain . 
.,. If laid in an unfavorable season, midsummer irrigation may be 
required . 
.,. Grass species in the sod may not be suitable for site conditions. 
"" If not anchored or drained properly, sod will "roll up" in grassed 
waterways. 
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Planning Considerations 
Sod requires careful handling and is sensitive to transport and storage 

conditions. Soil preparation, installation, and proper maintenance are as 
important with sod as with seed. 

Choosing the appropriate type of sod for site conditions and intended 
use is of the utmost importance. 

Installation 
Sod should be free of weeds and be of uniform thickness 

(approximately 1 inch) and should have a dense root mat for mechanical 
strength. Sodding is a very expensive method of establishing a grass-type 
cover but it has the benefit of giving "instant" protection for critical areas. 
This value may be well worth the higher expense. 

Site Preparation 
Rake or harrow to achieve a smooth, final grade. Roll or cultipack to 
create a smooth, firm surface on which to lay the sod. Do not install on 
compacted clay or pesticide-treated soil. Apply topsoil if needed. 
Lime and Fertilizer 

Lime according to soil test to pH 6.5, or in the absence of a soil test, 
apply lime at the rate of 2 to 3 tons of ground limestone per acre (10-15lbs. 
per 100 sq. feet). 

Fertilize according to soil test or at the rate of 500-1,000 lbs. per acre 
(1 \4 to 2 !-2 pounds per 100 sq. feet) of 10-5-5 or similar fertilizer. Fertilizer 
with 40% or more of the nitrogen in organic form is preferred. 

Work the lime and fertilizer into the soil 1 or 2 inches deep, and 
smooth. 
Sod 

Select high-quality, healthy, vigorous certified-class sod which is at 
least one year old but not older than three years. It should be a variety that 
is well-adapted to the region and expected level of maintenance. Common 
sod types include: Kentucky bluegrass blends, Kentucky bluegrass/Fine 
fescue mixes and Tall fescue/Kentucky bluegrass mixture. 

Sod should be machine cut to a uniform thickness of ~ inch, plus or 
minus !4 inch, at the time of cutting. Measurement of thickness should 
exclude top growth or thatch. 

Standard size sections of sod should be strong enough to support 
their own weight and retain their size and shape when suspended 
vertically with a firm grasp of the upper 10% of the section. 

Individual pieces of sod should be cut to suppliers width and length. 
Maximum allowable deviation from the standard widths and lengths should 
be 5 percent. Broken pads or torn or uneven ends will not be accepted. 

If sod is not purchased and local sod is used, cut the sod in strips 12 
to 24 inches wide, 6 to 10 feet long, and approximately 1- !4 inches thick. 
Roll. with roots out to facilitate handling. 
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Sod should not be harvested or transplanted when the moisture 
content (excessively wet or dry) may adversely affect its survival. 

153 

Sod should be harvested, delivered, and installed within a period 
of 36 hours. Store rolls of sod in shade during installation. Sod not 
transplanted within this period should be inspected and approved prior 
to its installation. 

Sod labels should be made available to the job foreman or 
inspector. 
Sod Placement 

Rake soil surface to break crust just before laying sod. During 
periods of high temperature, lightly irrigate the soil immediately prior 
to placement. Do not install on hot, dry soil, compacted clay, frozen soil, 
gravel, or soil that has been treated with pesticides. 

Sod strips should be laid on the contour, never up and down the 
slope, starting at the bottom of the slope and working up. Install strips 
of sod with their longest dimension perpendicular to the slope, and 
stagger in a brick-like pattern with snug even joints. Do not stretch or 
overlap. All joints should be butted tightly in order to prevent voids 
which would cause drying of the roots. Also, open spaces invite erosion. 

On slopes greater than 3 to 1, secure sod to surface soil with wood 
pegs, wire staples, or split shingles (8 to 10 inches long by% inch wide). 
The use of ladders will facilitate work on steep slopes, and prevent 
damage to the sod. 

Wedge strips securely into place. Square the ends of each strip to 
provide for a close tight bond. Stagger joints at least 12 inches. 

Match angled ends correctly to prevent voids. Use a knife or 
mason's trowel to trim and fit irregularly shaped areas. 

Trim all areas where water enters or leaves the sodded area so that 
a smooth, flush joint is secured. 

Roll or tamp sod immediately following placement to insure solid 
contact of root mat and soil surface. 

Immediately following installation, sod should be watered until 
moisture penetrates the soil layer beneath sod to a depth of 4 inches. 
Maintain optimum moisture for at least two weeks. 

When sodding is carried out in alternating strips, or other patterns 
the areas between the sod should be seeded as soon after the sodding 
as possible. 

Surface water cannot always be diverted from flowing over the 
face of the slope, but a capping strip of heavy jute or plastic netting, 
properly secured, along the crown of the slope and edges will provide 
extra protection against lifting and undercutting of sod. The same 
technique can be used to anchor sod in water-carrying channels and 
other critical areas. Wire staples must be used to anchor netting in 
channel work. 
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Sodded Waterways 
Sod provides quicker protection than seeding and may reduce the risk 

of early washout. 
When installing sod in waterways, use the type of sod specified in the 

channel design. 
Lay sod strips perpendicular to the direction of waterflow and stagger 

in a brick-like pattern. Staple firmly at the corners and middle of each strip. 
Jute or plastic netting may be pegged over the sod for further protection 
against washout during establishment. 

Common Trouble Points 
Sod laid on poorly prepared soil or unsuitable surface. 
Grass dies because it is unable to root. 
Sod not adequately irrigated after installation. 
May cause root dieback; grass does not root rapidly and is subject to 
drying out. 
Sod not anchored properly. 
May be loosened by runoff. 

Maintenance 
Keep sod moist until it is fully rooted. 
Inspect sodded areas regularly, especially after large storm events. Re-tack, 
re-sod, or re-seed as necessary. 
Mow to a height of 2.:3 inches after sod is well-rooted. Do not remove more 
than one-third of the shoot in any mowing. 
Permanent, fine turf areas require yearly maintenance fertilization. Fertilize 
warm-season grass in late spring to early summer, cool-season grass in late 
winter and again in early fall. 

Massachusetts Department of Environmental Protection, Office of 
Watershed Management, Nonpoint Source Program, Massachusetts 
Nonpoint Source MantWement Manual, Boston, Massachusetts, June, 1993. 

North Carolina Department of Environment, Health, and Natural Resources, 
Erosion and Sediment ControlFieldManua/. Raleigh, NC, February 1991. 

U.S. Environmental Protection Agency, Storm Water Mangement For 
Construction Activities, EPA-832-R- 92-005, Washington, DC, September, 1992. 
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A temporary sediment barrier consisting of a row of entrenched 
and anchored straw bales. Used to intercept and detain small amounts 
of sediment from disturbed areas of limited extent to prevent sediment 
from leaving the site. Decreases the velocity of sheet flows and low-to­
moderate level channel flows. 

Where Practice Applies 
co Downslope from disturbed areas subject to sheet and rill erosion. 
.,. In minor swales where the maximum contributing drainage area is 
not more than one acre. 
co Where effectiveness is required for less than 3 months. 

Advantages 
When properly used, straw bale barriers are an inexpensive 

method of sediment control. 

Disadvantages/Problems 
Straw bale barriers are easy to misuse. They can become 

contributors to a sediment problem instead of a solution unless 
properly located and maintained. 

It is difficult to tell if bales are securely seated and snug against 
each other. 

Planning Considerations 
Straw or hay bale barriers are used similarly to sediment fence 

barriers; specifically where the area below the barrier is undisturbed 
and vegetated. Bale barriers require more maintenance than silt fence 
barriers and permeability through the bales is slower than sediment 
fence. 

Bales should be located where. they will trap sediment; that is. 
where there will be contributing runoff. Bales located along the top of a 
ridge serve no useful purpose, except to mark limits of a construction 
area. Straw or hay bales located at the upper end of a drainage area 
perform no sediment-collecting function. 
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Installation 
Maximum recommended slope lengths upslope from straw or hay bale 

barriers are as follows: 
Percent Slope 

1 
4 
9 

14 
18 
30 

Maximum slope length, feet 
180 
100 
60 
40 
30 
20 

(Based on providing storage for 1.0 inch of runoff.) 
Bales should be placed in a single row, lengthwise on the contour, with 

ends of adjacent bales tightly abutting one another. 
All bales should be either wire-bound or string-tied. Straw bales 

should be installed so that bindings are oriented around the sides 
rather than along the tops and bottoms of the bales in order to prevent 
deterioration of the bindings .. 

The barrier should be entrenched and backfilled. A trench should be 
excavated the width of a bale and the length of the proposed barrier to a 
minimum depth of 4 inches. The trench must be deep enough to remove 
all grass and other material which might allow underflow. After the bales 
are staked and chinked (filled by wedging), the excavated soil should be 
backfilled against the barrier. Backfill soil should conform to the ground 
level on the downhill side and should be built up to 4 inches against the 
uphill side of the barrier. 

Each bale should be securely anchored by at least 2 stakes or re-bars 
driven through the bale. The first stake in each bale should be driven 
toward the previously laid bale to force the bales together. Stakes or re­
bars should be driven deep enough into the ground to securely anchor the 
bales. For safety reasons, stakes should not extend above the bales but 
should be driven in flush with the top of the bale. 

The gaps between the bales should be chinked (filled by wedging) 
with straw to prevent water from escaping between the bales. Loose straw 
scattered over the area immediately uphill from a straw bale barrier tends 
to increase barrier efficiency. Wedging must be done carefully in order not 
to separate the bales. 

Straw bale barriers should be removed when they have served their 
usefulness, but not before the upslope areas have been permanently 
stabilized. 

When used in a swale, the barrier should be extended to such a length 
that the bottoms of the end bales are higher in elevation than the top of 
the lowest middle bale to assure that sediment-laden runoff will flow either 
through or over the barrier but not around it. 
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Common Trouble Points 
Improper use 
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Straw bale barriers have been used in streams and drainageways where 
high water velocities and volumes have destroyed or impaired their 
effectiveness. 
Improper placement and installation 
Staking the bales directly to the ground with no soil seal or 
entrenchment allows undercutting and end flow. This has resulted in 
additions to, rather than removal of, sediment from runoff waters. 
Inadequate maintenance 
Trapping efficiencies of carefully installed straw bale barriers on one 
project dropped from 57 percent to 16 percent in one month due to lack 
of maintenance. 

Maintenance 
Straw bale barriers should be inspected immediately after each 

runoff-producing rainfall and at least daily during prolonged rainfall. 
Close attention should be paid to the repair of damaged bales, 

undercutting beneath bales, and flow around the ends of the bales. 
Necessary repairs to barriers or replacement of bales should be 

accomplished promptly. 
Sediment deposits should be checked after each runoff-producing 

rainfall. They must be removed when the level of deposition reaches 
approximately one-half the height of the barrier. 

Any sediment deposits remaining in place after the straw bale 
barrier is no longer required should be dressed to conform to the 
existing grade, prepared and seeded. 

Minnick, E. L., and H. T. Marshall, Stormwater Management and Erosion 
Control for Urban and Developing Areas in New Hampshire, Rockingham 
County Conservation District, August 1992. 

Washington State Department of Ecology, Stormwater Management 
Manual for the Puget Sound Basin, Olympia, WA, February, 1992. 

Pennsylvania, Commonwealth of, Bureau of Soil and Water 
Conservation, Erosion and Sediment Pollution Control Program Manual, 
Harrisburg, PA, April, 1990. 
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A bridge, ford or temporary structure installed across a stream 
or watercourse for short-term use by construction vehicles or heavy 
equipment. To provide a means for construction vehicles to cross streams 
or watercourses without moving sediment into streams, damaging the 
streambed or channel, or causing flooding. 

Where Practice Applies 
Where heavy equipment must be moved from one side of a stream 

channel to another, cir where light-duty construction vehicles must cross 
the stream channel frequently for a short period of time. 

Planning Considerations 
Contact the local Conservation Commission regarding any stream 

crossing or other work conducted in a wetland resource area. The 
Wetlands Protection Act requires that for any stream crossing or other 
work conducted in a wetland resource area, or within 100 feet of a 
wetland resource area, the proponent file a "Request for Determination of 
Applicability" or a "Notice of Intent" with the Conservation Commission. 

Careful planning can minimize the need for stream crossings. Try to 
avoid crossing streams, whenever possible, complete the development 
separately on each side and leave a natural buffer zone along the stream. 

Temporary stream crossings are necessary to prevent damage to 
stream banks and stream channels by construction vehicles crossing the 
stream. This reduces the sediment and other pollutants continually being 
tracked into the stream by vehicles. These are temporary crossings that 
represent channel constrictions which may cause obstruction to flow 
or erosion during periods of high flow. They should be in service for the 
shortest practical period of time and should be removed as soon as their 
function is complete. 

Select locations for stream crossings where erosion potential is low. 
Evaluate stream channel conditions, overflow areas, and surface runoff 
control at the site before choosing the type of crossing. When practical, 
locate and design temporary stream crossings to serve as permanent 
crossings to keep stream disturbance to a minimum. 

Plan stream crossings in advance of need, and when possible, 
construct them during dry periods to minimize stream disturbance and 
reduce cost. Ensure that all necessary materials and equipment are onsite 
before any work is begun. Complete construction in an expedient manner 

· and stabilize the area immediately. 
When construction requires dewatering of the site, construct a bypass 

channel before undertaking other work. If stream velocity exceeds that 
allowed for the inplace soil material, stabilize the bypass channel with 
riprap or other suitable material. After the bypass is completed and stable, 
the stream may be diverted. 
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Unlike permanent stream crossings, temporary stream crossings 
may be allowed to overtop during peak storm periods. The structure 
and approaches should, however, remain stable. Keep any fill needed 
in floodplains to a minimum to prevent upstream flooding and reduce 
erosion potential. Use riprap to protect locations subject to erosion 
from overflow. 

Stream crossings are of three types: bridges, culverts, and fords. 
In selecting a stream crossing practice consider: frequency and kind of 
use, stream channel conditions; overflow areas; potential flood damage; 
and surface runoff control. 

Culvert crossings 
Culverts are the most common stream crossings. In many cases, 

they are the least costly to install, can safely support heavy loads, 
and are adaptable to most site conditions. Construction materials are 
readily available and can be salvaged. The installation and removal of 
culverts, however, causes considerable disturbance to the stream and 
surrounding area. Culverts also offer the greatest obstruction to flood 
flows and, therefore, are subject to blockage and washout. 

Bridges 
Where available materials and designs are adequate to bear the 

expected loadings, bridges are preferred for temporary stream crossing. 
Bridges usually cause the least disturbance to the stream bed, 

banks, and surrounding area. They provide the least obstruction to 
flow and fish migration. They generally require little or no maintenance, 
can be designed to fit most site conditions, and can be easily removed 
and materials salvaged. Bridges, however, are generally the most 
expensive to design and construct. Also, they present a safety hazard if 
not adequately designed, installed, and maintained. If washed out, they 
cause a longer construction delay and are more costly to repair. 

In steep watersheds it is recommended to tie a cable or chain 
to one corner of the bridge frame with the other end secured to a 
large tree or other substantial object. This will prevent flood flows 
from carrying the bridge downstream where it may cause damage to 
property. 

Fords 
Fords should only be used where crossings are infrequent. 
Fords made of stabilizing material such as rock are sometimes used 

in steep areas subject to flash flooding, where normal flow is shallow 
Oess than 3 inches deep) or intermittent. Fords are especially adapted 
for crossing wide, shallow watercourses. 

When properly installed, fords offer little or no obstruction to 
flow, can safely handle heavy loadings, are relatively easy to install 
and maintain, and, in most cases, may be left in place at the end of 
construction. 
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Potential problems include: 
Approach sections are subject to erosion. Do not use fords where 

bank height exceeds 5 feet. 
Excavation for the installation of the riprap-gravel bottom and filter 

material causes major stream disturbance. In some cases, fords may be 
adequately constructed by shallow filling without excavation. 

The stabilizing material is subject to washing out during storm flows 
and may require replacement. 

Mud and other contaminants are brought directly into the stream on 
vehicles unless crossings are limited to no-flow conditions. 

Design and Construction Recommendations 
A stream crossing must be non-erosive and structurally stable, 

and must not introduce any flooding or safety hazard. Bridge design in 
particular should be undertaken only by a qualified engineer. The following 
standards apply only to erosion and sediment control aspects of bridges, 
culverts, and fords. 

The anticipated life of a temporary stream crossing structure is 
usually considered to be 1 year or less. Remove the structure immediately 
after it is no longer needed. 

As a minimum, design the structure to pass bank-full flow or peak flow, 
whichever is less, from a 2-year frequency, 24-hour duration storm without 
over topping. Ensure that no erosion will result from the 10-year peak 
storm. 

Ensure that design flow velocity at the outlet of the crossing structure 
is nonerosive for the stream channel. 

Consider overflow for storms larger than the design storm and 
provide a protected overflow area. 

Planning and Site Preparation 
Construct crossing when stream flow is low. Have all necessary 

materials and equipment on site before work begins. 
Minimize clearing and excavation of streambanks, bed, and approach 

sections. Plan work to minimize crossing the stream with equipment. If 
possible, complete all work on one side of the stream before crossing to 
work on other side. 

Location 
The temporary crossing should be located where there will be the 

least disturbance to the stream channel, the stream banks, the flood plain 
adjacent to the channel, and adjacent wetlands. 

Width 
The minimum road width of a temporary crossing should be 12 feet. 
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Alignment 
The temporary crossing should be at right angles to the stream 

whenever possible. If the approach conditions to the crossing are such 
that a perpendicular crossing is not possible, then a variation of up to 
15 degrees is allowable. 

Approaches 
The centerline of the roadway approaches to the crossing should 

coincide with the crossing alignment for a distance of 30 feet in either 
direction. The maximum height of fill associated with the approaches 
should not exceed 2 feet. Limit surface runoff by installing diversions. 

Suiface Water and High Flow Diversion 
A water diversion structure such as a swale should be constructed 

across the roadway at the end of both approaches to the crossing to 
allow stream flow exceeding the design storm to pass safely around the 
structure. These swales will also prevent surface water from flowing 
along the roadway and directly into the stream. 

Locate swales not more than 50 feet from the waterway crossing. 
This will prevent roadway surface runoff from directly entering the 
waterway. The 50 feet is measured from the top of the waterway bank. 
If the roadway approach is constructed with a reverse grade away from 
the waterway, a separate diverting structure is not required. 
Temporary Stream Diversion 
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Avoid diverting stream out of its natural channel by working on 
one-half of the installation at a time. If stream must be diverted, select 
most appropriate location considering extent of clearing, channel grade, 
amount of cut, and spoil disposal. 

Excavate diversion channel starting at the lower end. If stream 
velocity exceeds that allowable for the temporary channel, stabilize 
with riprap. Temporary bypass channel must be stable for flows up to 
and including the 10-year storm. 

The crossing site should be built in the dry streambed and 
stabilized before the stream is redirected to its normal course. 

Sediment Traps 
Where appropriate, install instream sediment traps immediately 

below stream crossings to reduce downstream sedimentation. Install 
before excavating or grading the approaches to a ford. 

Excavate trap at least 2 feet below stream bottom and 
approximately twice the channel width for a minimum distance equal to 
one-half the length of crossing. Remove all spoil to an area outside the 
flood plain. Stabilize spoil appropriately. 

Ensure that the flow velocity through the basin does not exceed 
the allowable flow velocity for the in place soil material; otherwise it 
should not be excavated. In locations where trees or other vegetation 
must be removed, the sediment trap may be more damaging to the 
stream than if it were not installed. 
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Bridges and Culverts 
Elevate bridge abutments or culvert fill 1 foot minimum above the 

adjoining streambank to allow storm overflow to bypass structure without 
damage. Culvert pipe should extend well beyond fill side slopes. 

Protect disturbed streambanks, fill slopes and overflow areas with 
riprap or other suitable methods. Stabilize other disturbed areas as 
specified in the vegetation plan. Good surface stabilization is especially 
important at stream crossings as all eroded material directly enters the 
stream. 

Earth fill for approaches should be free of roots, woody vegetation, 
oversized stones, organic material or other objectionable materials. The 
fill should be compacted by routing construction equipment over the fill so 
that the entire area of the fill is transversed by at least one wheel track or 
tread track of the equipment. 

Bridges 
A temporary bridge should be constructed at or above the stream 

bank elevation. Excavation of the stream bank should not be allowed for 
construction of this practice. 
Span 
Bridges should be constructed to span the entire width of the channel. 
If the width of the channel as measured from top of bank to top of bank 
exceeds 8 feet, then a footing, pier, or bridge support may be constructed 
in the stream bed. An additional footing or support will be allowed for 
each aeditional 8 feet of channel width. No footing, pier, or bridge support 
should be used in the stream bed for channel widths less than 8 feet. 
Materials 
Materials should be of sufficient strength to support the anticipated design 
loads. Stringers may be logs, sawn timber, prestressed concrete beams, or 
other appropriate materials. Decking materials must be butted tightly and 
securely fastened to the stringers to prevent soil, and other construction 
materials from falling into the stream channel below. 
Bridge Anchors 
The bridge should be anchored at only one end with either a steel cable 
or chain to prevent the bridge from floating away during flood events. 
The anchoring should be sufficient to prevent the bridge from floating 
downstream and possibly causing an obstruction in the stream channel 
below. Acceptable anchors are large trees, large boulders, or driven steel 
anchors. 

Erosion and Sediment Control Guidelines 



Erosion and Sediment Control Practices 163 

Culverts 
The minimum size for a culvert should be 18 inches. The maximum 

size for a culvert should be the largest pipe diameter that will fit into 
the existing channel without a significant amount of excavation required 
for its placement. Culverts may be circular or elliptical depending on 
the site requirements. Culverts should extend a minimum of one foot 
beyond the upstream and downstream toe of backfill placed around the 
culvert. Length should not exceed 40 feet. 
Filter Cloth 
Place filter cloth on the stream bed and the stream banks before 
installing the culvert and backfill. The filter cloth should extend a 
minimum of six inches and a maximum of one foot past the toe of the 
backfill. 
Culvert Placement 
The culvert should be installed on the natural stream bed grade. No 
overfall should be permitted at the downstream invert. 
Backfill 
No earth or fine-grained soil backfill should be used for temporary 
culvert crossings. Backfill should be clean, coarse aggregate. The 
backfill should be placed in maximum 6 inch lifts and compacted using a 
vibrating plate compactor. Material should be hand compacted around 
the haunches of the pipe, using particular care to assure that the line 
and grade of the pipe is maintained. The minimum allowable backfill 
over the pipe should be 12 inches or one-half pipe diameter which ever 
is greater. If multiple culverts are used they should be separated by a 
minimum of 12 inches of compacted aggregate backfill. 
Appropriate headwalls or large rock should be placed on the upstream 
and downstream ends of the temporary fill crossing to protect against 
erosion during large flood flows. 

Fords 
Install geotextile fabric in channel to stabilize ·foundation, then 

apply well-graded, weather-resistant stone (3 to 6 inch) over fabric. Use 
only stabilization fabric, not filter fabric. 

Stabilization 
All areas disturbed by the installation of the temporary crossing 

should be stabilized using either rock, gravel, or vegetation as 
appropriate. 

Removal 
Remove temporary stream crossings as soon as they are no longer 

needed. Restore stream channel to original cross section and stabilize 
all disturbed areas. Appropriate measures should be taken to minimize 
effects on water quality when removing the crossing. Fords may be left 
in place if site conditions allow. 
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Temporary bypass channels should be permanently stabilized or 
· removed. If removed, overfill by at least 10%, compact, and stabilize 
appropriately. 

Leave in-stream sediment traps in place. 

Common Trouble Points 
Inadequate flow capacity and/or lack of overflow area around structure 
Results in washout of culverts or bridge abutments. 

Inadequate stabilization of overflow area 
Results in severe erosion around bridges and culverts. 

Exit velocity from culvert or bridges too high 
Causes stream channel erosion and may eventually cause erosion of bridge 
or culvert fill. 

Debris not removed after a storm 
Clogging may cause washout of culverts or bridges. 

Inadequate compaction under or around culvert pipes 
Culverts wash out due to seepage and piping. 

Stone size too small 
Ford washes out. 

Culvert pipes too short 
Results in a crossing supported by steep, unstable fill slopes. 

Maintenance 
Inspect temporary crossing after each rainfall event for accumulation 

of debris, blockage, erosion of abutments and overflow areas, channel 
scour, riprap displacement, or piping along culverts. 

Remove debris; repair and reinforce damaged areas immediately to 
prevent further damage to the installation. 

Remove temporary stream crossings immediately when they are no 
longer needed. Restore the stream channel to its original cross-section, 
and smooth and stabilize all disturbed areas. 

Leave in-stream sediment traps in place to continue capturing 
sediment. 
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Massachusetts Department of Environmental Protection, Office of 
Watershed Management, Nonpoint Source Program, Massachusetts 
Nonpoint Source Management Manual, Boston, Massachusetts, June, 
1993. 

Minnick, E. L., and H. T. Marshall, Stormwa(er Management and Erosion 
Control for Urban and Developing Areas in New Hamvshire, Rockingham 
County Conservation District, August 1992. 

North Carolina Department of Environment, Health, and Natural 
Resources, Erosion and Sediment Control Field Manual, Raleigh, NC, 
February 1991. 

North Carolina Sediment Control Commission, Erosion and Sediment 
ControlPlauningandDesign ManuaL Raleigh, NC, September, 1988. 

Protecting and stabilizing banks of streams or excavated channels 
against scour and erosion. This practice may be accomplished by 
structural or vegetative means, or by a combination of both. 

Purpose 
.,. To protect stream banks from the erosive forces of moving water . 
.,. To prevent the loss of land or damage to utilities, roads, buildings, 
or other adjacent facilities . 
.,. To maintain the capacity of the channel. 
.,. To control channel meander which would adversely affect 
downstream facilities . 
.,. To reduce sediment loads causing downstream damages and 
pollution . 
.,. To improve the stream for recreational use or as a habitat for fish 
and wildlife. 

Where Practice Applies 
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This practice applies to natural or excavated channels where the 
streambanks are susceptible to erosion from the action of water, ice, or 
debris; excessive runoff from construction activities; or to damage from 
vehicular traffic. 

This practice also applies to controlling erosion on shorelines 
where the problem can be solved with relatively simple structural 
measures, vegetation, or upland erosion control practices. 
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Advantages 
Structural Methods 

Erosion and Sediment Control Practices 

.,. Stream bank protection can break wave action and reduce the velocity 
of flood flows. 
oo The reduction of velocity can lead to the deposit of water-borne soil 
particles . 
.,. Water quality benefits of reduced erosion and downstream siltation. 
Vegetative and Bioengineering Methods 
Vegetative and bioengineering stabilization methods have additional 
advantages: 
.,. Vegetative techniques are generally less costly and more compatible 
with natural stream characteristics. 
oo Roots and rhizomes stabilize streambanks. 
,. Certain reeds and bulrushes have the capability of improving water 
quality by absorbing certain pollutants such as heavy metals, detergents,. 
etc. 
oo Plants regenerate themselves and adapt to changing natural situations, 
thus offering a distinct economic advantage over mechanical stabilization. 
oo Mechanical materials provide for interim and immediate stabilization 
until vegetation takes over . 
.,. Once established, vegetation can outlast mechanical structures and 
requires little maintenance while regenerating itself 
oo Aesthetic benefits and improved wildlife and fisheries habitat. 

Disadvantages/Problems 
Structural Methods 
.,. Cost of structural practices . 
.,. Aesthetics. 
Vegetative Methods 
oo Native plants may not be carried by regular nurseries and may need 
to be collected by hand, or obtained from specialty nurseries. Nurseries 
which carry these plants may require a long lead time for large orders . 
.,. Flow retarding aspects of vegetated waterways need to be taken into 
account . 
.,. Structural practices can be installed on steeper slopes than vegetative 
methods. 
oo Will not withstand as high flow velocities as structural methods. 
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Planning Considerations 
Contact the local Conservation Commission regarding any stream 

crossing or other work conducted in a wetland resource area. The 
Wetlands Protection Act requires that for any stream crossing or 
other work conducted in a wetland resource area, or within 100 feet 
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of a wetland resource area, the proponent file a "Determination of 
Applicability" or a "Notice of Inte.nt" with the Conservation Commission. 

Stream channel erosion problems vary widely in type and scale, 
and there is no one measure that works in all cases. Stabilization 
structures should be planned and designed by an engineer with 
experience in this field. Many of the practices involve the use of 
manufactured products and should be installed in accordance with the 
manufacturers specifications. Where long reaches of stream channels 
require stabilization, make detailed strewn studies. 

Before selecting a structural stabilization technique, the designer 
should carefully evaluate the possibility of using vegetative stabilization 
in conjunction with structural measures to achieve the desired 
protection. Vegetative techniques are generally less costly and more 
compatible with natural stream characteristics. 

Wherever possible, it is best to protect banks with living plants 
that are adapted to the site. Natural plant communities are aesthetically 
pleasing, provide a habitat for fish and wildlife, afford a self-maintaining 
cover, and are less expensive and damaging to the environment. 

Special attention should be given to the preservation of fish and 
wildlife habitat, and trees of significant value for wildlife food or shelter, 
or for aesthetic purposes. Wildlife habitat can be improved by using 
woody plants and grasses that provide food and/or cover for native 
wildlife species. The retention of a 30-foot riparian zone along stream 
channels that is established to trees, shrubs, or grasses may provide 
wildlife, landscaping and water quality benefits. 

Where construction will adversely affect a significant fish or 
wildlife habitat, mitigation measures should be included in the plan. 
Mitigation measures may include pools, riffles, flats, cascades, or other 
similar provisions. 

Upstream development accelerates streambank erosion by 
increasing the velocity, frequency, and duration of flow. As a result, 
many natural streams that were stable become unstable following 
urbanization. 

Most natural stream channels have bank-full capacity to pass the 
runoff from a 2-year recurrence interval storm. In a typical urbanizing 
watershed, however, stream channels may become subject to a 3 to 
5 times as many bank-full flows if stormwater runoff is not properly 
managed. Stream channels that were once parabolic in shape and 
covered with vegetation may be transformed into wide rectangular 
channels with barren banks. 
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The following is a partial list of elements which may be involved in a 
plan for streambank protection . 
.,. Obstruction removal- The removal of fallen trees, stumps, debris, 
minor ledge outcrop pings and sand and gravel bars that may cause water 
turbulence and deflection, causing erosion of the bank. 
.,. Clearing- The removal of trees and brush which adversely affect the 
growth of desirable bank vegetation . 
.,. Bank sloping- The reduction of the slope of streambanks. 
Consideration should be given to flattening the side slope of the channel 
in some reaches to facilitate the establishment of vegetation or for the 
installation of structural bank protection . 
.,. Fencing- Artificial obstructions to protect vegetation needed for 
streambank protection or to protect critical areas from damage from stock 
trails or vehicular traffic. 
"" Vegetation -Vegetative streambank stabilization is generally applicable 
where bankfull flow velocity does not exceed 6 feet/second and soils are 

· erosion-resistant. Above 6 feet/second, structural measures are generally 
required . 
.,. Riprap - Heavy angular stone placed on the streambank to provide 
armor protection against erosion . 
.,. Jetties- Deflectors constructed of posts, piling, fencing rock, brush 
other materials which project into the stream to protect banks at curves 
and reaches subjected to impingement by high velocity currents. 
,. Revetments- Pervious or impervious structures built on or parallel 
to the stream to prevent scouring streamflow velocities adjacent to the 
stream bank. 
.,. Bioengineering- Bioengineering utilizes live plant parts in combination 
with structural methods to provide soil reinforcement and prevent surface 
erosion. 

Structural measures, when employed correctly, immediately ensure 
satisfactory protection of stream banks. Structures are expensive to 
build, however, and to maintain. Without constant upkeep, they are 
exposed to progressive deterioration by natural agents. The materials 
used may prevent reestablishment of native plants and animals. Often 
structural measures destroy the appearance of the stream. Also, structural 
stabilization and channelization can alter the hydrodynamics of a stream 
and transfer erosion potential and associated problems downstream. 

In contrast, the utilization of living plants instead of or in conjunction 
with structures has many advantages. The degree of protection, which 
may be low to start with, increases as the plants grow and spread. Repair 
and maintenance of structures is unnecessary where self-maintaining 
stream bank plants are established. The protection provided by natural 
vegetatiol_l is more reliable and effective when the cover consists of natural 
plant communities adapted to their site. 
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Design Recommendations 
Designs should be developed in accordance with the following 

principles: 
.,. The grade must be controlled, either by natural or artificial means, 
before any permanent type of bank protection can be considered 
feasible; unless the protection can be safely and economically 
constructed to a depth well below the anticipated lowest depth of 
bottom scour . 
.,.. Streambank protection should be started at a stabilized or 
controlled point and ended at a stabilized or controlled point on the 
stream . 
.,. Make protective measures compatible with other channel 
modifications planned or being carried out in other channel reaches. 
co Ensure that the channel bottom is stable or stabilized by structural 
means before installing any permanent bank protection. 
co Channel clearing, if needed to remove stumps, fallen trees, debris 
and bars which force the streamflow into the streambank, should be an 
initial element of the work. 
co Changes in channel alignment should be made only after an 
evaluation of the effect on the land use, interdependent water disposal 
systems, hydraulic characteristics, and existing structures . 
.,. Measures must be effective for the minimum design velocity of the 
peak discharge of the 10-year storm and be able to withstand greater 
floods without serious damage . 
.,.. Vegetative protection should be considered on the upper portions 
of eroding banks and especially on those areas which are subject to 
infrequent inundation. 
co Stabilize all areas disturbed by construction as soon as complete. 

Vegetative Methods 
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Channel reaches are often made stable by establishing vegetation 
where erosion potential is low and installing structural measures where 
the attack is more severe, such as the outside of channel bends and 
where the natural grade steepens. Vegetative methods must be effective 
for the design flow. 

Bank reshaping and disturbance should be kept to a minimum 
except as necessary to install the practice. Where this is needed, banks 
should be shaped to result in a bank slope of 1:1 or flatter. 

A temporary seeding should be used on all sites to provide 
protection while the permanent cover is becoming established. 

Stream banks to be protected using grasses may need to be shaped 
on a 2:1 or 3:1 slope to provide for adequate seedbed preparation. The 
use of sod, instead of seeding, should be evaluated where economically 
justified and technically feasible. 

The type of vegetative cover to be used should be based on the 
soil type, stream velocities, adjacent land use and anticipated level of 
maintenance to be performed. 
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A maintenance program should be established to provide sufficient 
moisture, fertility, replacement of dead or damaged plants and protection 
from damage by insects, diseases, machinery and human activities. 

Streambanks stabilized using grasses should be evaluated as to 
whether an occasional or periodic mowing and fertilization are to be 
performed to maintain a healthy protective ground cover. 

Sites should be protected from damage by vehicular and human traffic 
for the length of time necessary to get vegetative cover well established, 
but no less than one full growing season. 
Staking 

This involves inserting and tamping live, roo table vegetative cuttings 
into the ground. If correctly prepared and placed, the live stake will root 
and grow. 
Dormant Woody Plantings 

This is planting live, dormant-stem cuttings of woody plant species~ 
to 3 inches or more in diameter. 
Grasses 

Where a good seedbed can be prepared, and on smaller streams 
where flow velocities are less, it may be feasible to stabilize eroding 
streambanks by seeding grasses above or in combination with dormant 
woody plantings. See recommendations in Permanent Seeding and in the 
supplementary material in Part 4. 

A temporary seeding or mulching should be completed on those sites 
where a permanent seeding will not be established within 30 days following 
installation of a project. See Temporary Seeding. 

Structural Methods 
Generally applicable where flow velocities exceed 6 feet/second or 

where vegetative streambank protection is inappropriate. 
Since each reach of channel requiring protection is unique, measures 

for structural streambank pr9tection should be installed according to a 
plan based on specific site conditions. 
Riprap 

Riprap is the most common structural method used, but other 
methods such as gabions, deflectors, reinforced concrete, log cribbing, and 
grid pavers should be considered, depending on site conditions. 
When possible, slope banks to 2:1 or flatter, and place a gravel filter or 
filter fabric on the smoothed slopes before installing riprap. Place the toe 
of the riprap at least 1 foot below the stream channel bottom or below the 
anticipated depth of channel degradation. 
It is important to extend the upstream and downstream edges of riprap 
well into the bank and bottom. Extend riprap sections the entire length 
between well-stabilized points of the stream channel. 
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Gab ions 
These rectangular, rock-filled wire baskets are pervious, semi­

flexible building blocks that can be used to armor the bed and/or 
banks of channels or act as deflectors to divert flow away from eroding 
channel sections. Design and install gab ions in accordance with 
manufacturer's standards and specifications. 
Reinforced concrete 

May be used to armor eroding sections of the streambank by 
constructing retaining walls or bulk heads. Provide positive drainage 
behind these structures. Reinforced concrete may also be used as a 
channel lining for stream stabilization. 
Log Cribbing. 

Retaining structure built of logs to protect streambanks from 
erosion. Vegetation can be planted between logs. 
Grid pavers 

Modular concrete units with interspersed void areas that can be 
used to armor the streambank while maintaining porosity and allowing 
the establishment of vegetation. These structures may be obtained in 
precast blocks or mats that come in a variety of shapes, or they may 
be formed and poured in place. Design and install in accordance with 
manufacturer's instructions. 
Revetment 

Structural support or armoring to protect an embankment from 
erosion. Riprap or gabions are commonly used. Gabions may be either 
stacked or placed as a mattress. Install revetment to a depth below the 
anticipated channel degradation and into the channel bed as necessary 
to provide stability. 

Bioengineering Methods 
Bioengineering combines structural and vegetative methods. 
Streams in urban settings may carry an increase in runoff of such 

great magnitude that they cannot be maintained in a natural state. Soil 
bioengineering methods can provide for stabilization without complete 
visual degradation and higher effectiveness than purely mechanical 
techniques. 

Construction Recommendations 
Where possible: trees should be left standing; brush and stumps 

not removed; and construction operations carried on from one side, 
leaving vegetation on the opposite side. 

Spoil resulting from excavation and shaping should be leveled 
or removed to permit free entry of water from adjacent land surface 
without excessive erosion or harmful ponding. 

Trees and other fallen natural vegetation that do not deter stream 
flow should be left for fish habitat. 

Vegetation should be established on all disturbed areas 
immediately after construction, weather permitting. If weather 
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conditions are such as to cause a delay in the establishment of vegetation, 
the area should be mulched. 
Topsoil 
When soil conditions are particularly adverse for herbaceous vegetation, 
topsoil should be spread to a depth of 4 inches or more on critical areas to 
be seeded or sodded. 
Mulching 
Seeded side slopes should be mulched. Where streambanks are steeper 
than 2:1 or higher than 10 feet, the mulch should be anchored with paper 
twine fabric or equivalent material. 

Maintenance 
Check after every high-water event. Repairs should be made as 

quickly as possible after the problem occurs. 
All temporary and permanent erosion and sediment control practices 

should be maintained and repaired as needed to assure continued 
performance of their intended function. 

Streambanks are always vulnerable to new damage. Repairs are 
needed periodically. Banks should be checked after every high-water event 
is over. Gaps in the vegetative cover should be fixed at once with new 
plants, and mulched if necessary. Fresh cuttings from other plants on the 
bank can be used, or they can be taken from mother-stock plantings if they 
are available. 

of Environmental Protection, Office of 
Watershed Management, Nonpoint Source Program, Massachusetts 
Nonpoint Source Management Manual, Boston, Massachusetts, June, 1993. 

North Carolina Sediment Control Commission, Erosion and Sediment 
ControlPlannine and Design Manual, Raleigh, NC, September, 1988. 

U.S. Department of Agriculture, Natural Resources Conservation Service, 
Champaign, IL, Urban Conservation Practice Standards, 1994. 

U.S. Department of Agriculture, Natural Resources Conservation Service, 
Engineerine Field Handbook. Chapter 18, Soil Bioengineering for Upland 
Slope Protection and Erosion Reduction Washington, DC, October, 1992. 

U.S. Department of Agriculture, Natural Resources Conservation Service, 
Champaign, IL, Urban Conservation Practice Standards, 1994. 

Washington State Department of Ecology, Stormwater Management Manqal 
for the fueet Sound Basin, Olympia, WA, February, 1992. 
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A perforated conduit such as a pipe, tubing, or tile installed beneath 
the ground to intercept, collect, and convey excess ground water to a 
satisfactory outlet. 

Purpose 
.,. To provide a dewatering mechanism for draining excessively wet soils . 
.,. To improve soil and water conditions for vegetative growth . 
.,. To prevent sloughing of steep slopes due to ground water seepage . 
.,. To improve stability of structures with shallow foundations by 
lowering the water table. 

Where Practice Applies 
Wherever excessive water must be removed from the soil. 
The soil should have depth and sufficient permeability to permit 

installation of an effective drainage system at a depth of 2 to 6 feet. 
An adequate outlet for the drainage system must be available either 

by gravity or by pumping. The quantity and quality of discharge should 
not damage the receiving stream. 

Advantages 
.,.. An effective way to lower the water table . 
.,. Subsurface drains often provide the only practical method of 
stabilizing excessively wet, sloping soils. 

Disadvantages/Problems 
Problems may be encountered with tree roots. 

Planning Considerations 
Contact the local Conservation Commission regarding any work 

conducted in a wetland resource area. The Wetlands Protection Act 
requires that for work conducted in a wetland resource area, or within 
100 feet of ·a wetland resource area, the proponent file a "Request 
for Determination of Applicability" or a "Notice of Intent" with the 
Conservation Commission. 

Subsurface drains usually consists of perforated, flexible conduit 
installed in a trench at a designed depth and grade. The trench around 
the conduit is often backfilled with a sand-gravel filter or gravel 
envelope. Backfill over the drain should be an open, granular soil of high 
permeability. 

Subsurface drainage systems are of two types; relief drains and 
interceptor drains. Relief drains are used either to lower the water table 
in order to improve the growth of vegetation, or to remove surface water. 
They are installed along a slope and drain in the direction of the slope. 
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They can be installed in a gridiron pattern, a herringbone pattern, or a 
random pattern. 

Interceptor drains are used to remove water as it seeps down a slope 
to prevent the soil from becoming saturated and subject to slippage. They 
are installed across a slope and drain to the side of the slope. They usually 
consist of a single pipe or series of single pipes instead of a patterned 
layout. 

Design Recommendations 
Subsurface drain should be sized for the required capacity. Design 

charts are available in Natural Resources Conservation Service references 
and from other sources. Manufacturers of special purpose drain 
configurations can provide instructions for design. 

The minimum velocity required to prevent silting is 1.4 feet per 
second. The line should be installed on a grade to achieve at least this 
velocity. 

The outlet of the subsurface drain should empty into a receiving 
channel, swale, or stable vegetated area adequately protected from erosion 
and undermining. 

Construction Recommendations 
The trench should be constructed on continuous grade with no 

reverse grades or low spots. 
Soft or yielding soils under the drain should be stabilized with gravel 

or other suitable material. 
Deformed, warped, or otherwise unsuitable pipe should not be used. 
A sand-gravel filter at least three inches thick should be placed all 

around the pipe. Manufactured filters designed for the purpose, such as 
filter fabric, may be used as alternatives. 

The trench should be backfilled immediately after placement of the 
pipe. No sections of pipe should remain uncovered overnight or during 
a rainstorm. Backfill material should be placed in the trench in such a 
manner that the drain pipe is not displaced or damaged. 

Maintenance 
Subsurface drains should be checked periodically to ensure that they 

are freeflowing and not clogged with sediment. 
The outlet should be. kept clean and free of debris. 
Surface inlets should be kept open and free of sediment and other 

debris. 
Trees located too close to a subsurface drain often clog the system 

with their roots. If a drain becomes clogged, relocate the drain or remove 
the trees as a last resort. Drain placement should be planned to minimize 
this problem. 
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Where drains are crossed by heavy vehicles, the line should be 
checked to ensure that it is not crushed. 

Massachusetts Department of Environmental Protection, Office of 
Watershed Management, Nonpoint Source Program, Massachusetts 
Nonooint Source Manaeement Manual, Boston, Massachusetts, June, 
1993. 

U.S. Environmental Protection Agency, Storm Water Management For 
Construction Activities EPA-832-R- 92-005, Washington, DC, September, 
1992. 

Washington State Department of Ecology, Stormwater Management 
Manual for the Puget Sound Basin, Olympia, WA, February, 1992. 

A temporary pit which is constructed to trap and filter water for 
pumping into a suitable discharge area. A perforated vertical standpipe 
is placed in the center of the pit to collect filtered water. The purpose 
of this pract~ce is to remove excessive water in a manner that improves 
the quality of the water . 

. Where Practice Applies 
Sump pits are constructed when water collects during the 

excavation phase of construction. This practice is particularly useful in 
urban areas during excavation for building foundations. 

Planning Considerations 
Discharge of water pumped from the standpipe should be to 

a suitable practice such as a sediment basin, sediment trap, or a 
stabilized area. 
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If water from the sump pit will be pumped directly to a storm 
drainage system, geotextile filter fabric should be wrapped around the 
standpipe to ensure clean water discharge. It is recommended that !4 
to \t2 inch mesh hardware cloth wire be wrapped around and secured to 
the standpipe prior to attaching the filter fabric. This will increase the 
rate of water seepage into the standpipe. 

Erosion and Sediment Control Guidelines 

J 



J 

176 Erosion and Sediment Control Practices 

Design Recommendations 
A perforated vertical standpipe is placed in the center of the pit to 

collect filtered water. The standpipe will be a perforated 12 to 24-inch 
diameter corrugated metal or PVC plastic pipe. Water is then pumped 
from the pit to a suitable discharge area. The pit will be filled with coarse 
aggregate. 

Maintenance 
The sump pit will become clogged with sediment, oils, and organic 

matter over time. It is important to remove grass clippings and leaves from 
the surface of the aggregate in order to prolong its life. 

The pit should be checked after every major storm to evaluate its 
effectiveness. If the pit and filter fabric become plugged with sediment, 
the pit should be rehabilitated. In some cases complete removal and 
replacement of the entire dry well may be necessary. 

of Agriculture, Natural Resources Conservation Service, 
Champaign, IL, Urban Conservation Practice Standards, 1994. 

Roughening a bare soil surface with horizontal grooves running across 
the slope, stair stepping, or tracking with construction equipment; or by 
leaving slopes in a roughened condition by not fine grading them. 

Purpose 
To aid the establishment of vegetative cover from seed, to reduce 

runoff velocity and increase infiltration, and to reduce erosion and provide 
for sediment trapping. 

Where Practice Applies 
All construction slopes require surface roughening to facilitate 

stabilization with vegetation, particularly slopes steeper than 3: I. This 
practice should also be done prior to forecasted storm events and before 
leaving a job site for a weekend. · 

Advantages 
Surface roughening provides some instant erosion protection on bare 

soil while vegetative cover is being established. 
It is an inexpensive and simple erosion control measure. 
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Disadvantages/Problems 
While this is a cheap and simple method of erosion control, it is of 

limited effectiveness in anything more than a moderate storm. 

177 

Surface roughening is a temporary measure. If roughening is 
washed away in a heavy storm, the surface will have to be re-roughened 
and new seed laid. 

Planning Considerations 
Roughening a sloping bare soil surface with horizontal depressions 

helps control erosion by aiding the establishment of vegetative cover 
with seed, reducing runoff velocity, and increasing infiltration. The 
depressions also trap sediment on the face of the slope. 

Consider surface roughening for all slopes. The amount of 
roughening required depends on the steepness of the slope and the 
type of soil. Stable, sloping rocky faces may not require roughening 
or stabilization, while erodible slopes steeper than 3:1 require special 
surface roughening. 

Roughening methods include stair-step grading, grooving, and 
tracking. Equipment such as bulldozers with rippers or tractors with 
disks may be used. The final face of slopes should not be bladed or 
scraped to give a smooth hard finish. 

Graded areas with smooth, hard surfaces give a false impression 
of "finished grading" and a job well done. It is difficult to establish 
vegetation on such surfaces due to reduced water infiltration and the 
potential for erosion. Rough slope surfaces with uneven soil and rocks 
left in place may appear unattractive or unfinished at first, but they 
encourage water infiltration, speed the establishment of vegetation, and 
decrease runoff velocity. 

Rough, loose soil surfaces give lime, fertilizer, and seed some 
natural coverage. Niches in the surface provide microclimates which 
generally provide a cooler and more favorable moisture level than hard 
flat surfaces; this aids seed germination. 

Construction Recommendations 
Roughening methods include stair-step grading, grooving, and 

tracking. Factors to be considered in choosing a method are slope 
.steepness, mowing requirements, and whether the slope is formed by 
cutting or filling. 

Graded areas with slopes greater than 3:1 but less than 2:1 should 
be roughened before seeding. This can be accomplished in a variety 
of ways, including "track walking," or driving a crawler tractor up and 
down the slope, leaving a pattern of cleat imprints parallel to slope 
contours. 

Graded areas steeper than 2:1 should be stair-stepped with 
benches. The stair-stepping will help vegetation become established 
and also trap soil eroded from the slopes above. 
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Disturbed areas which will not require mowing may be stair-step 
graded, grooved, or left rough after filling. 

Stair-step grading is appropriate for soils containing large amounts 
of soft rock. Each "step" catches material that sloughes from above, and 
provides a level site where vegetation can become established. Stairs 
should be wide enough to work with standard earth moving equipment. 

Areas which will be mowed (these areas should have slopes less steep 
than 3: 1) may have small furrows left by disking, harrowing, raking, or 
seed-planting machinery operated on the contour. 

It is important to avoid excessive compacting of the soil surface when 
scarifying. Tracking with bulldozer treads is preferable to not roughening 
at all, but is not as effective as other forms of roughening, as the soil 
surface is severely compacted and runoff is increased. 

Maintenance 
Areas which are graded in this manner should be seeded as quickly as 

possible. 
Regular inspections should be made. If rills appear, they should be 

regraded and reseeded immediately. 

Massachusetts Department of Environmental Protection, Office of 
Watershed Management, Nonpoint Source Program, Massachusetts 
Nonpoint Source Management Manual. Boston, Massachusetts, June, 1993. 

U.S. Environmental Protection Agency, Storm Water Management For 
Construction Activities, EPA-832-R- 92-005, Washington, DC, September, 1992. 

Washington State Department of Ecology, Stotmwater Management Manual 
for the Puget Sound Basin, Olympia, WA, February, 1992. 

A ridge and channel cons~ructed across a slope and used to convey 
runoff water. Reduces erosion damage by intercepting surface runoff and 
conducting it to a stable outlet at a nonerosive velocity. 

Where Practice Applies 
Terraces are utilized on slopes having a water erosion problem. They 

should not be constructed on deep sands or on soils that are too stony, 
steep, or shallow to permit practical and economical installation and 
maintenance. Terraces should be used only where suitable outlets are or 
will be made available. 
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Advantages 
Terraces lower the velocity of runoff, increase the distance of 

overland flow, and reduce slope length. They also hold moisture and 
minimize sediment. 

Disadvantages/Problems 
May significantly increase cut and fill costs and cause sloughing if 

excessive water infiltrates soils. 

Design Recommendations 
Spacing 

The maximum recommended spacing is a maximum vertical 
distance of 20 feet between terraces or other practices such as a 
diversion, dike, or sediment fence at the top or bottom of a slope. 

Channel Grade 
Channel grades may be either uniform or variable with a maximum 

grade of 0.6 feet per 100 feet length. For short distances, terrace grades 
may be increased to improve alignment. The channel velocity should 
not exceed that which is nonerosive for the soil type with the planned 
treatment. 

Outlet 
All terraces should have adequate outlets. Such an outlet may be a 
grassed waterway, vegetated area, or subsurface drain outlet. In all 
cases the outlet must convey runoff from the terrace or terrace system 
to a point where the outflow will not cause damage. Vegetative cover 
should be used in the outlet channel. 
The design elevation of the water surface of the terrace should not be 
lower than the design elevation of the water surface in the outlet at 
their junction, when both are operating at design flow. 
Vertical spacing may be increased as much as 0.5 feet or 10 percent, 
whichever is greater, to provide better alignment or location, to avoid 
obstacles, to adjust for equipment size, or to reach a satisfactory outlet. 

Capacity 
The terrace should have enough capacity to handle the peak runoff 
expected from a 2-year, 24-hour design storm without overtopping. 

Cross-Section 
The terrace cross-section should be proportioned to fit the land slope. 
The ridge height should include a reasonable settlement factor and 
"freeboard" (vertical distance between top of ridge and water elevation 
in the channel at dewsign flow). 
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The minimum cross-sectional area of the terrace channel should be 8 
square feet for land slopes of 5 percent or less, 7 square feet for slopes 
from 5 to 8 percent, and 6 square feet for slopes steeper than 8 percent. 
The terrace should be constructed wide enough to be maintained using a 
small bulldozer. 

Maintenance 
Maintenance should be performed as needed. Terraces should be 

inspected regularly; at least once a year, and after large storm events. 

Minnick, E. L., and H. T. Marshall, Stormwater Management and Erosion 
Control for Urban and Develqpine Areas in New Hampshire, Rockingham 
County Conservation District, August 1992. 

Washington State Department of Ecology, Stormwater Management Manual 
for the Pueet Sound Basin, Olympia, WA, February, 1992. 

Preserving and using topsoil to provide a suitable growth medium and 
enhance final site stabilization with vegetation. 

Where Practice Applies 
~ Where a sufficient supply of quality topsoil is available. 
,. Where slopes are 2:1 or flatter. 
,. Where the subsoil or areas of existing surface soil present the following 
problems: 

~The structure, pH, or nutrient balance of the available soil cannot 
be amended by reasonable means to provide an adequate growth 
medium for the desired vegetation. 
,. The soil is too shallow to provide adequate rooting depth or will 
not supply necessary moisture and nutrients for growth of desired 
vegetation. 
,. The soil contains substances toxic to the desired vegetation. 

~ Topsoiling is strongly recommended where ornamental plants or high­
maintenance turf will be grown. 

Advantages 
Advantages of topsoil include higher organic matter and greater 

available water-holding capacity and nutrient content. 
Topsoil stockpiling ensures that a good growth medium will be 

available for establishing plant cover on graded areas. 
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The stockpiles can be used as noise and view baffles during 
construction. 

Disadvantages/Problems 
Stripping, stockpiling, and reapplying topsoil, or importing topsoil 

may not always be cost-effective. It may also create an erosion problem 
if improperly secured. 
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Unless carefully located, storage banks of topsoil may also obstruct 
site operations and therefore require double handling. 

Topsoiling can delay seeding or sodding operations, increasing 
exposure time of denuded areas. 

Most topsoil contains some weed seeds. 

Planning Considerations 
Topsoiling may be required to establish vegetation on shallow 

soils, soils containing potentially toxic materials, very stony areas, and 
soils of critically low pH. 

Topsoil is the surface layer of the soil profile, generally 
characterized as being darker than the subsoil due to the presence of 
organic matter. It is the major zone of root development and biological 
activities for plants, carrying much of the nutrients available to plants, 
and supplying a large share _of the water used by plants. It should be 
stockpiled and used wherever practical for establishing permanent 
vegetation. 

The need for topsoiling, should be evaluated. Take into account 
the amount and quantity of available topsoil and weigh this against the 
difficulty of preparing a good seedbed on the existing subsoil. Where a 
limited amount of topsoil is available, it should be reserved for use on 
the most critical areas. In many cases topsoil has already been eroded 
away or, as in wooded sites, it may be too trashy. 

Make a field exploration of the site to determine if there is surface 
soil of sufficient quantity and quality to justify stripping. Topsoil sb.ould 
be spread at a depth of 2 to 4 inches. More topsoil will be needed if the 
subsoil is rocky. 

Topsoil should be friable and loamy (loam, sandy loam, silt loam, 
sandy clay loam, clay loam). Areas of natural ground water recharge 
should be avoided. 

Allow sufficient time in scheduling for topsoil to be spread and 
bonded prior to seeding, sodding, or planting. 

Do not apply topsoil if the subsoil has a contrasting texture. Sandy 
topsoil over clayey subsoil is a particularly poor combination; water 
can creep along the junction between the soil layers and causes the 
topsoil to slough. 
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Stripping 
Stripping should be confined to the immediate construction area. A 

4 to 6 inch stripping depth is common, but depth may vary depending on 
the particular soil. All surface runoff control structures should be in place 
prior to stripping. 

Stockpiling 
Locate the topsoil stockpile so that it does not interfere with work on 

the site. 
Side slopes of the stockpile should not exceed 2:1. 
Surround all topsoil stockpiles with an interceptor dike with gravel 

outlet and silt fence. 
Either seed or cover stockpiles with clear plastic or other mulching 

materials within 7 days of the formation of the stockpile. 

Placement 
Topsoil should not be placed while in a frozen or muddy condition, 

when the subgrade is excessively wet, or when conditions exist that 
may otherwise be detrimental to proper grading or proposed sodding or 
seeding. 

Do not place topsoil on slopes steeper than 2:1, as it will tend to slip 
off. 

If topsoil and subsoil are not properly bonded, water will not infiltrate 
the soil profile evenly and it will be difficult to establish vegetation. The 
best method is to actually work the topsoil into the layer below for a depth 
of at least 6 inches. 

Maintenance 
Maintain protective cover on stockpiles until needed. 

Massachusetts Department of Environmental Protection, Office of 
Watershed Management, Nonpoint Source Program, Massachusetts 
Nonooint Source Mancwement Manual. Boston, Massachusetts, June, 1993. 

Washington State Department of Ecology, Stonnwater Mancwement Manual 
lor the Puget Sound Basin, Olympia, WA, February, 1992. 
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Stabilizing disturbed areas by establishing a vegetative cover of 
trees or shrubs. 

Purpose 
c. To stabilize the soil with vegetation other than grasses or legumes. 
c. To provide food and shelter for wildlife. 
oo To provide windbreaks or screens. 

Where Practice Applies 
. Trees and shrubs may be used: 

.,. On steep or rocky slopes, 

.,.. Where mowing is not feasible, 
oo As ornamentals for landscaping purposes, or 
.,. In shaded areas where grass establishment is difficult. 

Advantages 
Trees and shrubs can provide superior, low-maintenance, long­

term erosion protection. They may be particularly useful where site 
aesthetics are important. 

Besides their erosion and sediment control values, trees and 
shrubs also provide natural beauty and wildlife benefits. 

Disadvantages/Problems 
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Except for quick-growing species; it may take a number of years for 
trees to reach full size. 

Trees and shrubs may be expensive to purchase and establish. 
They may also be more subject to theft than materials used in other 
practices. 

Planning Considerations 
There are many different species of plants from which to choose, 

but care must be taken in their selection. It is essential to select 
planting material suited to both the intended use and specific site 
characteristics. 

None of these plants, however, is capable of providing the rapid 
cover possible by using grass and legumes. Vegetative plans must 
include close-growing plants or an adequate mulch with all plantings. 

When used for natural beauty and wildlife benefits, trees and 
shrubs are usually more effectiye when planted in clumps or blocks. 
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Species Selection 
When erosion or sediment control is not of primary, immediate 

concern; areas may be stabilized using rugged, fast-growing trees 
and shrubs that once established have a good record of taking care 
of themselves. These plants may not be the best ornamentals, but 
establishment can usually be made with these low-maintenance trees and 
shrubs. 

In some cases, it may be desirable to use trees and shrubs as 
screening plants to shield sites such as gravel pits from public view. These 
plants should be given the best possible attention at planting time, with 
good soil water, and mulching. 

Shrub and tree species recommendations for various soil conditions, 
densities, and arrangements will be found in Part 4 of this document. 

Planting 
Trees and shrubs will do best in topsoil. If no topsoil is available, 

they can be established in subsoil with proper amendment. If trees and 
shrubs are to be planted in subsoil, particular attention should be paid 
to amending the soil with generous amounts of organic matter. Mulches 
should also be used. 

Good quality planting stock should be used. For mass plantings 
one or two-year old deciduous seedlings, and 3 or 4-year old coniferous 
transplants should be used. For smaller planting groups or individuals 
specimen plants, bare rooted, container grown or balled and burlaped 
stock may be preferred because of their larger size. Stock should be kept 
cool and moist from time of receipt until planted. 

Competing vegetation, if significant, should be destroyed or 
suppressed prior to planting by scalping a small area where the plant is to 
be placed. 

Stock should be planted in the spring by May 15. No fertilizer should 
be used at the time of planting unless it is a slow-release type formulated 
for trees and shrubs. 

Plants should be planted at the approximate depth they were growing 
in the nursery; the roots should be uncrowded; the soil should be firmly 
packed against the roots after setting. 

Shrubs should be mulched to a depth of 4 inches or more with 
woodchips, bark, peat moss or crushed stone. Mulch to the edge of the 
planting at, but not less than, one foot from the trunk. 
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Maintenance 
Deciduous plants should be fertilized six months to one year after 

planting with !4 pound of a 10-6-8 fertilizer per plant (or 251bs. per 1,000 
sq. ft. for block plantings) or the equivalent. A slow release fertilizer is 
preferred. Evergreens should be fertilized half as much. 

The planting should be inspected after the first and second 
growing seasons. Replanting and repairs, as needed to provide adeq!-Jate 
cover, should be scheduled. Fertilizer should be applied to shrubs 
every 3 to 5 years after planting. 

Massachusetts Department of Environmental Protection, Office of 
Watershed Management, Nonpoint Source Program, Massachusetts 
Nonuoint Source Manazement Manual. Boston, Massachusetts, June, 
1993. 

""'""'""~""'~"~•n swales are channels, either natural or 
constructed, with dense vegetation; whose purpose is to retard or 
impound concentrated runoff and dispose of it safely into the drainage 
system. 

Purpose 
To reduce runoff velocities, and reduce potential erosion from the 

discharge of runoff. 
Vegetated swales may also remove some particulate pollutants 

from stormwater runoff and increase infiltration. 

Where Practice Applies 
This practice applies to all sites where a dense stand of vegetation 

can be established and where either a stable outlet exists or can be 
constructed as a suitable conveyance system to safely dispose of the 
runoff flowing from the swale. 

The swale can be used by itself or in combination with erosion and 
sediment control practices: 
o.. In residential areas of low to moderate density where the percentage 
of impervious cover is relatively small. 
o.. In a drainage easement at the side or back of residential lots. 
o.. Adjacent to parking areas. 
o.. Along highway medians as an alternative to curb and gutter 
drainage systems. 
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Planning Considerations 
The vegetated swale and the grassed waterway are very similar. 

The difference in the two practices is mainly in purpose. The vegetated 
swale is used for water quality improvement and peak runoff reduction; 
accomplished by limiting the velocity in the swale. The grassed waterway 
or outlet is used to convey runoff at a non-erosive velocity. 

Vegetated swales are best suited on small drainage areas where the 
amount of impervious cover is relatively small. If dense vegetation cannot 
be established and maintained in the swale, then its effectiveness is 
severely reduced. 

The seasonal high water table should be at least two feet below the 
bottom of the swale in order to provide for more effective infiltration and 
treatment of the runoff and to provide better growing conditions for the 
vegetation. Subsurface drainage may be needed to control high water table 
and improve the condition of the swale. 

The swale should be constructed prior to any other channel or facility 
which will drain into it and flow should be diverted out of the swale until 
adequate vegetation is established. 

Vegetated swales should generally not receive construction-stage 
runoff; if they do, presettling of sediments should be provided. 

Swales should be protected from siltation by a sediment pond or 
basin when the erosion potential is high; otherwise, presettling is not 
generally needed for normal operation. 

Soil moisture should be sufficient to provide water requirements 
during the dry season, but where the water table is not so high as to cause 
long periods of soil saturation. Irrigate if moisture is inadequate during 
summer drought. If saturation will be extended or the slope is minimal but 
grasses are still desired, consider subdrains. 

Prevent bare areas by avoiding gravel, rocks, and hardpan near the 
surface. 

Design Recommendations 
The minimum capacity should be that required to convey the peak 

runoff expected from a 10-year frequency 24-hour duration storm. 
The maximum design velocity for a vegetated swale should be one 

foot per second during passage of the 10-year frequency storm. 
The minimum recommended length of a vegetated swale is 200 feet. 

If a shorter length must be used, increase swale cross-sectional area by an 
amount proportional to the reduction in length below 200 feet, in order to 
obtain the same water residence time. 

The channel slope should normally be between 2 and 4 percent. A 
slope of less than 2 percent can be used if underdrains are placed beneath 
the channel to prevent ponding. A slope of greater than 4 percent can be 
used if check dams are placed in the channel to slow the flows accordingly. 

Install log or rock check dams approximately every 50 feet, if 
longitudinal slope exceeds 4 percent. Adjust check dam spacing in order 
not to exceed 4 percent slope within each channel segment between dams. 
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The cross section for a vegetated swale may be parabolic, 
triangular, or trapezoidal. 

If flow is introduced to the swale via curb cuts, place pavement 
slightly above the swale elevation. Curb cuts should be at least 12 
inches wide to prevent clogging. 

Subsurface drainage measures should be provided if sites have 
high water tables or seepage problems, except where water-tolerant 
vegetation such as reed canary grass can be used. There should be no 
base flow present in the swale. 

Vegetative Recommendations 
Swales should be vegetated with an appropriate grass mixture: The 

swale should be mulched if necessary for establishment of good quality 
vegetation. A temporary diversion should be used to divert runoff 
away from the swale until vegetation is established that is capable of 
preventing erosion. 

Select vegetation according to what will best establish and survive 
in the site conditions. Select fine, close-growing, water-resistant grasses. 
If a period of soil saturation is expected, select emergent wetland .plant 
species. Protect these plants during establishment by netting. 

Select a grass height of 6 inches or less and a flow depth of less 
than 5 inches. Grasses over that height tend to flatten down when water 
is flowing over them, which prevents sedimentation. 

Construction Recommendations 
Avoid compaction during construction. If compaction occurs, till 

before planting to restore lost soil infiltration capacity. 
Divert runoff during the period of vegetation establishment. 

Sodding is an alternative for rapid stabilization. Where it is not possible 
to divert runoff, cover graded and seeded areas with a suitable erosion 
control slope covering material. 

Maintenance 
Timely maintenance is important to keep the vegetation in the 

swale in good condition. Mowing should be done frequently enough to 
keep the vegetation in vigorous condition and to control encroachment 
of weeds and woody vegetation,· however it should not be mowed too 
closely so as to reduce the filtering effect. 

Fertilize on an "as needed" basis to keep the grass healthy. Over­
fertilization can result in the swale becoming a source of pollution. 

The swale should be inspected periodically and after every major 
storm to determine the condition of the swale. Rills and damaged areas 
should be promptly repaired and re-vegetated as necessary to prevent 
further deterioration. 
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Vegetated swales planted in grasses must be mowed regularly during 
the summer to promote growth and pollutant uptake. Plan on mowing as 
needed to maintain proper height. Remove cuttings promptly, and dispose 
in a way so that no pollutants can enter receiving waters. 

Remove sediments during summer months when they build up to 6 
inches at any spot or cover vegetation. If the equipment leaves bare spots, 
re-seed them immediately. 

Inspect periodically, especially after periods of heavy runoff. 
Remove sediments, fertilize, and reseed as necessary. Be careful to avoid 
introducing fertilizer to receiving waters or ground water. 

Clean curb cuts when soil and vegetation buildup interferes with flow 
introduction. 

Massachusetts Department of Environmental Protection, Office of 
Watershed Management, Nonpoint Source Program, Massachusetts 
Nonooint Source Management Manual. Boston, Massachusetts, June, 1993. 

Minnick, E. L., and H. T. Marshall, Stormwater Management and Erosion 
Control for Urban andDevelqningAreas in New Hamnshire, Rockingham 
County Conservation District, August 1992. 

Washington State Department of Ecology, Stqrmwater Management Manual 
for the Paget Sound Basin, Olympia, WA, February, 1992. 

A ridge or ridge and channel constructed diagonally across a sloping 
road or utility right-of-way that is subject to erosion. Used to prevent 
erosion on long, sloping right-of-way routes by diverting runoff at selected 
intervals. 

Where Practice Applies 
.,. · Where runoff protection is needed to prevent erosion on sloping access 
right-of-ways . 
.,. On sloping areas generally less than 100 feet in width. 

Disadvantages/Problems 
Need maintenance periodically for vehicle wear. 

Erosion and Sediment Control Guidelines 



Erosion and Sediment Control Practices 189 

Planning Considerations 
Narrow rights-of-way on long slopes used by vehicles can be 

subject to severe erosion. Surface disturbance and tire compaction 
promote gully formation by increasing the concentration and velocity of 
runoff. 

J 

Water bars are constructed by forming a ridge or ridge and channel 
diagonally across the sloping right-of-way. Each outlet should be stable, 
and should be able to handle the cumulative effect of upslope diversion 
outlets. The height and side slopes of the ridge and channel are , ·,/' 
designed to divert water and to allow vehicles to cross. 

Design Recommendations 
Height-18 inches minimum from channel bottom to top of settled ridge. 
Side slopes- 2:1 or flatter (3: 1 or flatter where vehicles cross). 
Spacing- For right-of-way widths less than 100 feet; spacing as follows: 

Slope (%) Diversion Spacing (feet) 

<5 
5 to 10 

10 to 20 
20 to 35 

>35 

Base width of ridge - 6 feet minimum. 

125 
100 

75 
50 
25 

Grade - Constant or slightly increasing, not to exceed 2%. 
Outlet - Diversion must cross the full access width and extend to a 
stable outlet. 

Installation 
Construct the diversion system as soon as the access right-of-way 

has been cleared and graded. Locate first diversion at required distance 
from the slope crest depending on steepness of right-of-way slope. Set 
crossing angle to keep positive grade less than 2% (approximately 60-
degree angle preferred). 

Mark location and width of ridge and disk the entire length. 
Fill and compact ridge above design height and compact with 

wheeled equipment to the design cross section. 
Construct diversions on constant or slightly increasing grade not 

to exceed 2%. Avoid reverse grades. 
Set direction of water bars to utilize the most stable outlet 

locations. If necessary, adjust length of waterbars or make small 
adjustments to spacing. 
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Do not allow runoff from upslope water bars to converge with 
downslope water bar outlets. 

Construct sediment traps or outlet stabilization structures as needed. 
Seed and mulch the ridge and channel immediately. 

Common Trouble Points 
Overtopping ridge where diversion crosses low areas -
Build water bars to grade at all points 

Erosion between water bars -
Spacing too wide for slope. Install additional water bars. 

Ridge worn down'- . 
Channel filled where vehicles cross; surface not stable; or side slopes too 
steep: may need gravel. 

Erosion at outlets -
Install outlet stabilization structure or extend upslope water bar so runoff 
will not converge on lower outlets. 

Erosion in channel -
Grade too steep. Realign water bar. 

Maintenance 
Inspect water bars periodically for vehicle wear. Inspect for erosion 

and sediment deposition after heaVY rains. 
Remove debris and sediment from diversion channel and sediment 

traps, repair ridge to positive grade and cross section. Add gravel at 
crossing areas and stabilize outlets as needed. 

Repair and stabilize water bars immediately if right-of-way is 
disturbed by installation of additional utilities. 

In removing temporary water bars, grade ridge and channel to blend 
with natural ground. Compact channel fill and stabilize disturbed areas 
with vegetation. Water bars should not be removed until all disturbed 
areas draining to them have been stabilized, inspected, and approved. 

If water bars are designed for permanent use, correct any erosion 
problems, stabilize outlets, and apply permanent seeding. 
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Massachusetts Department of Environmental Protection, Office of 
Watershed Management, Nonpoint Source Program, Massachusetts 
Nonpoint Source Management Manual, Boston, Massachusetts, June, 
1993. 

North Carolina Department of Environment, Health, and Natural 
Resources, Erosion and Sediment Control Field Manual, Raleigh, NC, 
February 1991. 

A natural or constructed waterway or outlet shaped or graded and 
established in suitable vegetation as needed for the safe disposal of 
runoff water. Used to convey and dispose of concentrated runoff to a 
stable outlet without damage from erosion, deposition, or flooding. 

Where Practice Applies 
This practice applies to construction sites where: 

.,. Concentrated runoff will cause damage from erosion or flooding, 

.,. A vegetated lining can provide sufficient stability for the channel 
cross section and grade, 
.,. Slopes are generally less than 5 percent, and 
,. Space is available for a relatively large cross section. 

Typical uses include roadside ditches, channels at property 
boundaries, and outlets for diversions. 

Planning Considerations 
Grass-lined channels resemble natural systems and are usually 

preferred where design velocities are suitable. Select appropriate 
vegetation and construct channels early in the construction schedule 
before grading and paving increase runoff rates. 

Two major considerations for a grassed waterway are adequate 
capacity and sufficient erosion resistance. 

The channel cross section should be wide and shallow with 
relatively flat side slopes so surface water can enter dver the vegetated 
banks without causing erosion. 

191 

Vegetation should be established before runoff is allowed to fl<>w in 
the waterway. 
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Supplemental measures may be needed with this practice. These may 
include but not be limited to such things as: 
.,. Grade control structures, 
.,. Level spreaders, 
.,. Paved or rock-lined bottom, or 
.,. Subsurface drain to eliminate wet spots and permit growing suitable 
vegetation. 

Primary considerations for a stormwater conveyance channel are the 
volume, velocity, and duration of flow expected in the channel. In addition, 
there are several other factors that should be taken into consideration 
when planning a channel. These include soil characteristics, safety, 
aesthetics, availability of land, compatibility with land use and surrounding 
environment, and maintenance requirements. The type of cross section 
that is selected depends on these factors. 

Triangular sections are used where the volume of flow is relatively 
small, such as in roadside ditches. Vegetation can be used in these ditches 
where the velocities are low. On steep slopes, however, where higher 
velocities are encountered; it may be necessary to line the channel with 
rock riprap, concrete, asphalt or other erosion resistant lining. Triangular 
cross-sections may be more prone to erosion because during small flows, 
the flow is concentrated in the narrow v-section. 

Parabolic sections are suited for higher flows, but require the use of 
more land because the channels are generally shallow and wide. These 
channels seem to blend better in natural settings when grass mixtures 
are used as a lining. When velocities exceed the capability of vegetation, 
rock riprap can be used as a lining. When there is a continuous base flow 
in the channel it may be possible to use a combination of rock riprap and 
vegetation as a lining. The base flow would be carried by the riprap section 
and the higher flows by the vegetated section as long as the vegetation is 
capable of withstanding the velocity. 

A trapezoidal channel is usually used where the flows are relatively 
large and at higher velocities. These channels are usually lined with 
materials other than vegetation. Trapezoidal channels usually take up less 
land than either triangular or parabolic channels. 

Regardless of the channel shaped selected, the outlet should be 
checked to determine if it is stable. It may be necessary to have some type 
of energy dissipater to prevent scour to the receiving outlet if there is an 
overflow or if velocities in the contributing channel are higher than the 
outlet can withstand. 

Design Recommendations 
Capacity- The minimum capacity should be that required to convey the 
peak runoff expected from a storm of 10-year frequency. Peak runoff values 
should be determined by accepted methods. 
To provide for loss in channel capacity due to vegetal matter 
accumulation, sedimentation, and normal seedbed preparation, the 
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channel depth and width may be increased proportionally to maintain 
the hydraulic properties of the waterway. In parabolic channels, this 
may be accomplished by adding 0.3 foot to the depth and 2 feet to the 
top width of the channel. This is not required on waterways located in 
natural watercourses. 

Cross Section - The cross section may be parabolic, triangular, or 
trapezoidal. 

Grade- Generally restricted to slopes 5% or less. 

Sideslopes- Generally 3:1 or flatter to establish and maintain vegetation 
and facilitate mowing. 
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Where a paved or stone-lined bottom is used in combination with 
vegetated side slopes, it should be designed to handle the base flow, 
snowmelt, or runoff from a one-year frequency storm, whichever is 
greater. The flow depth of the paved section should be a minimum of 0.5 
feet. · 

Width - The bottom width of waterways or outlets should not exceed 50 
feet unless multiple or divided waterways or other means are provided 
to control meandering of low flows within this limit. 

Drainage- Subsurface drainage measures should be provided in the 
design for sites having high water table or seepage problems, except 
where water-tolerant vegetation such as reed canarygrass can be used. 
Where there is base flow present or long duration flows are expected, a 
stone center or underground outlet should be used. 

Outlet- The outlet must be stable. Channels carrying sediment must 
empty into sediment traps. 

Stabilization -Waterways should be stabilized with vegetative measures 
or stone centers. If a vegetated lining is supplemented by stone center, 
or other erosion-resistant materials, the velocity may be increased by 
2.0 ft/sec. 

Construction Recommendations 
Remove all trees, brush, stumps, and other objectionable material 

from the foundation area and dispose of properly. 
Install traps or other measures to protect grassed waterways from 

sediment. 
The channel section should be free of bank projections or other 

irregularities which prevent normal flow. 
Excavate and shape channel to dimensions shown on plans. 

Overcut entire channel 0.2 ft to allow for bulking during seedbed 
preparation and growth of vegetation. If installing sod, overcut channel 
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the full thickness of the sod. 
Remove and properly dispose of excess soil so that surface water may 

enter the channel freely. 
Earth removed and not needed in construction should be spread or 

disposed of so as not to interfere with the functioning of the waterway. 
Fills placed in waterways should be thoroughly compacted in order 

to prevent unequal settlement that could cause damage in the completed 
waterway. 

Protect all concentrated inflow points along channel by installing a 
temporary liner, riprap, sod, or other appropriate measures. 

Stabilize outlets and install sediment traps as needed during channel 
installation. 

Vegetate the channel immediately after grading. Smooth slopes 
facilitate maintenance. 

Establishing Vegetation 
Waterways should be protected by vegetative means as soon after 

construction as practical, and before diversions or other channels are 
outletted into them. Consideration should be given to jute matting, 
excelsior matting, or sodding of channel to provide erosion protection as 
soon after construction as possible. 

Install sod instead of seeding in critical areas, particularly where 
slopes approach 5%. 

Seeding, fertilizing, mulching, and sodding should be in accord with 
applicable vegetative standards for permanent cover. See Permanent 
Seeding. 

One-half to one bushel of oats should be added to the basic mixture 
for quick cover and to help anchor the mulch. 

Very moist waterways are often best vegetated by working rootstocks 
of reed canarygrass into the seedbed. 

When soil conditions are unfavorable for vegetation (such as very 
coarse-textured subsoil material), topsoil should be spread to a depth of 4 
inches or more on at least the center half of parabolic shaped channels or 
on the entire bottom of trapezoidal shaped channels. 

Seeded channels should be mulched. For critical sections of large 
channels, and for steep channels, the mulch should be anchored by cutting 
it lightly into the soil surface, or by covering with paper twine fabric or 
equivalent material; or jute netting should be used. 

Common Trouble Points 
Erosion occurs in channel before vegetation is fully established 
Repair, reseed, and install temporary liner. 

Gullying or head cutting in channel 
Grade too steep for grass lining (steep grade produces excessive velocity). 
Channel and liner should be redesigned. 
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Sides/ope caving 
May result from any of the following: 
oo channel dug in unstable soil (high water table), 
oo banks too steep for site conditions, or 
oo velocity too high, especially on outside of channel curves. 

Overbank erosion, spot erosion, channel meander, or flooding 
Avoid debris and sediment accumulation. Stabilize trouble spots and 
revegetate. Riprap or other appropriate measures may be required. 

Ponding along channel 
Approach not properly graded, surface inlets blocked. 

Erosion at channel outlet 
Install outlet stabilization structure. 

Sediment deposited at channel outlet 
Indicates erosion in channel or watershed. Find and repair any channel 
erosion. Stabilize watershed, or install temporary diversions and 
sediment traps to protect channel from sediment-laden runoff. 

Maintenance 
During the initial establishment period, flow should be diverted 

out of the channel if at all possible to allow for a good stand of grass. If 
this is not possible use matting. In any case during the establishment 
period, the channel should be checked after every rainfall to determine 
if the grass is still in good condition and in place. 

After the vegetation has become established, the channel should 
be checked periodically and after every major storm to see if damage 
has occurred. Any damaged areas should be repaired and revegetated 
immediately. 

Maintenance of the vegetation in the grassed waterway is 
extremely important in order to prevent rilling, erosion, and failure of 
the waterway. 

Mowing should be done frequently enough to control 
encroachment of weeds and woody vegetation and to keep the grasses 
in a vigorous condition. The vegetation should not be mowed too 
closely so as to reduce the erosion resistance in the waterway. 

Periodic applications of lime and fertilizer may be needed to 
maintain vigorous growth. 
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Remove all significant sediment and debris from channel to maintain 
the design cross section and grade and prevent spot erosion. 

Existing waterways can often be best repaired by working sods of 
witchgrass ( quackgrass) into the seedbed. 

It is important to check the channel outlet and all road crossings for 
blockage, sediment, bank instability, and evidence of piping or scour holes. 

Massachusetts Department of Environmental Protection, Office of 
Watershed Management, Nonpoint Source Program, Massachusetts 
Nonooint Source Management Manual, Boston, Massachusetts, June, 1993. 

Minnick, E. L., and H. T. Marshall, Stormwater Management and Erosion 
Control for Urban and Developinlf Areas in New Hampshire, Rockingham 
County Conservation District, August 1992. 

North Carolina Department of Environment, Health, and Natural Resources, 
Erosion andSecliment Control Field Manual, Raleigh, NC, February 1991. 

A waterway with an erosion resistant lining of concrete, stone, or 
other permanent material. The lined section extends up the side slopes 
to design flow depth. The earth above the permanent lining should be 
vegetated or otherwise protected. 

Purpose 
To provide for safe disposal of runoff from other conservation 

structures or from natural concentrations of flow, without damage by 
erosion or flooding, where unlined or grassed waterways would be 
inadequate. 

Where Practice Applies 
This practice applies where channel flow velocities exceed those 

acceptable for a grass lined waterway and/or conditions are unsuitable for 
the establishment of grass lined waterways. Specific conditions include: 
,. Concentrated runoff is of such magnitude that a lining is needed to 
control erosion. 
,. Steep grades, wetness, prolonged or continuous base flow, seepage, or 
piping would cause erosion. 
,. The location is such that use by people, animals, or vehicles preclude 
use of vegetated waterways. 
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. 
.,. High value property or adjacent facilities warrant the extra cost to 
contain design runoff in limited space . 
.,. Soils are highly erosive or other soil or climate conditions preclude 
using vegetation. 

Planning Considerations 
Linings can consist of: rock riprap; non-reinforced, cast-in-place 

concrete, flagstone mortared in place; or similar permanent linings. 
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Riprap liners are considered flexible and are usually preferred to rigid 
liners. · 

Riprap is less costly, adjusts to unstable foundation conditions, is less 
expensive to repair, and reduces outlet flow velocity. 

Riprap or paved channels can be constructed with grass lined slopes 
where site conditions warrant. 

Volume, velocity, and duration of flow expected are primary 
considerations for a lined waterway. Other factors include soil 
characteristics, safety, aesthetics, availability of land, compatibility with 
land use and surrounding environment, and maintenance requirements. 
The type-Of cross section that is selected depends on these factors. 

Typical cross sections that can be used include triangular or v-shaped 
sections, parabolic sections, and trapezoidal sections . 
.,. Triangular sections are used where the volume of flow is relatively 
small, such as in roadside ditches . 
.,. Parabolic sections are suited for higher flows, but require the use of 
more land because the channels are generally shallow and wide. When 
velocities exceed the capability of vegetation, rock rip rap can be used as 
a lining. When there is a continuous base flow in the channel it may be 
possible to use a combination of rock riprap and vegetation as a lining. The 
base flow would be carried by the rip rap section and the higher flows by 
the vegetated section; as long as the vegetation is capable of withstanding 
the velocity . 
.,. A trapezoidal channel is usually used where the flows are relatively 
large and at higher velocities. Trapezoidal channels usually take up less 
land than either triangular or parabolic channels. 

Regardless of the channel shaped selected, the outlet should be 
checked to determine if it is stable. It may be necessary to have some type 
of energy dissipater to prevent scour to the receiving outlet if there is an 
overflow or if velocities in the contributing channel are higher than the 
outlet can withstand. 

The Wetlands Protection Act requires that for any stream crossing 
or other work conducted in a wetland resource area, or within 100 
feet of a wetland resource area, the proponent file a "Determination 
of Applicability" or a "Notice of Intent" with the local Conservation 
Commission. 
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Design Recommendations 
See also Riprap. 

Capacity- The minimum capacity should be adequate to carry the peak 
rate of runoff from a 1 0-year frequency storm. 
Cross Section - The cross section may be triangular, parabolic, or 
trapezoidal. Monolithic concrete may be rectangular. 

Velocity 
Rock Riprap Lined Waterways- Rock rip rap linings can be designed to 
withstand high velocities by choosing a stable rock size. Riprap should 
have a transition material (bedding) placed between the rock and the soil. 
This transition material can be either a well graded sand-gravel mixture or 
a geotextile fabric. 
Concrete-Lined Waterways- Velocity is usually not a limiting factor in 
the design of concrete-lined waterways. Keep in mind however that the 
flow velocity at the outlet must not exceed the allowable velocity for the 
receiving outlet. 
Drainage - Drainage is not a factor when considering using a rock riprap 
waterway since subsurface water will drain through the transition 
material and the rock. Concrete lined channels may require drainage to 
reduce uplift pressure and collect seepage water. 
Filters or bedding- Filters or bedding should be used to prevent piping. 
Filter fabric may be used as the filter. Drains should be used, as required, 
to reduce uplift pressure and collect water. Weep holes may be used with 
drains if needed. 
Rock Riprap or Flagstone- Stone used for riprap or flagstone should be 
dense and hard enough to withstand exposure to air, water, freezing and 
thawing. Flagstone should be flat for ease of placement, and have the 
strength to resist exposure and breaking. 

Construction Recommendations 
Outlet must be stable. Stabilize channel inlet points and install 

needed outlet protection during channel installation. 
Remove all trees, brush, stumps, and other objectionable material 

from channel and spoil areas and dispose of properly. 
Construct cross section to the lines and grades shown in plans. 

Install filter fabric or gravel layer as specified in the plan. 

Common Trouble Points 
Foundation not excavated deep enough or wide enough 
Riprap restricts channel flow, resulting in overflow and erosion. 
Side slopes too steep 
Causes instability, stone movement and bank failure. 
Filter omitted or damaged during stone placement 
Causes piping and bank instability. 
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Rip rap poorly graded or stones not placed to form a dense, stable 
channel lining 
Results in stone displacement and erosion of foundation. 
Riprap not extended far enough downstream 
Causes undercutting. Outlet must be stable. 
Riprap not blended to ground surface 
Results in gullying along edge of riprap. 

Maintenance 
Check riprap-lined waterways periodically and after every major 

storm for scouring below the riprap layer, and to see that the stones 
have not been dislodged by the flow. Plastic filter cloth, if used, should 
be completely covered and protected from sunlight. 

If the rocks have been displaced or undermined, the damaged 
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areas should be repaired immediately. Woody vegetation should not be 
allowed to become established in the rock riprap and if present should 
be removed. Debris should not be allowed to accumulate in the channel. 

Give special attention to outlets and points where concentrated 
flow enters channel. Repair eroded areas promptly. 

Concrete-lined waterways should be checked to ensure that there 
is no undermining of the channel. If scour is occurring at the outlet, 
appropriate energy dissipation measures should be taken. 

If the waterway is below a high sediment-producing area, sediment 
should be trapped before it enters. · 

Check for sediment accumulation, piping, bank instability, and 
scour holes. Sediment and debris deposits should be removed before 
they reduce the capacity of the channel. · 

Connecticut Council on Soil and Water Conservation, Connecticut 
Guidelines for Soil Erosion and Sediment Control, Hartford, CT, January, 
1985. 

Massachusetts Department of Environmental Protection, _Office of 
Watershed Management, Nonpoint Source Program, Massachusetts 
Nonpoint Source Manazement Manual, Boston, Massachusetts, June, 
1993. 

Minnick, E. L., and H. T. Marshall, Stormwater ManClflement and Erosion 
Control for Urban and Developing Areas in New Hamoshire, Rockingham 
County Conservation District, August 1992. 

North Carolina Department of Environment, Health, and Natural 
Resources, Erosion and Sediment Control Field Manual, Raleigh, NC, 
February 1991. 
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Effects of Development 
There are two main effects that urbanization has on stormwater. 

First, an increase in the volume and rate of runoff as development 
takes place in a watershed. Second, an increased risk of degrading 
water quality; both surface water and ground water. 

Hydrologic Changes 
Undeveloped land that is in woods, grass, and/or agriculture, has 

an ability to absorb rainfall. Rainfall is infiltrated into the soil, used 
by vegetation, or runs off. Water reaches the earth's surface by rain 
and snow. Some water is retained on the upper surface of the soil 
and is either evaporated or transpired into the atmosphere by grass, 
plants and trees. Some water infiltrates into the soil and becomes 
groundwater which eventually reaches streams, lakes and oceans. 

The remainder of the water falling to the earth becomes 
runoff and flows into the streams, lakes and oceans as surface flow. 
Evaporation takes place on these bodies of water and sends the 
moisture back into the atmosphere as vapor. 

When development takes place, vegetation may be removed and 
replaced with impervious surfaces. These surfaces include roads, 
streets, parking lots, roof tops, driveways, walks, etc. which reduce the 
amount of rainfall that can infiltrate into the soil and therefore create 
more runoff into the surface water system. 

In addition to the increase in impervious surfaces, urbanization 
creates a significant amount of ground surface modification. Natural 
drainage patterns are modified and runoff is transported via road 
ditches, storm sewers, drainage swales, and constructed channels. 
These modifications increase the velocity of the runoff; which in 
effect decreases the time that it takes for runoff to travel through the 
watershed. This decreased time creates higher peak discharges. 

Increase In Pollution Potential 
The largest urban non-point pollution source is sediment and the 

nutrients and trace metals attached to it. In addition, the runoff from 
urban areas may carry bacteria, toxic chemicals, hydrocarl;>ons and 
organic substances. 

Sediment is a major pollutant from urban areas. Runoff from 
construction sites during the urbanization process is the largest source 
of sediment. Sediment fills road ditches, streams, rivers, lakes and 
wetlands. A good erosion and sediment control plan can substantially 
decrease the amount of sediment being produced from urban areas 
and transported off site. 
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Nutrients from urban areas are a major concern to surface water 
quality because of their effects on water bodies. The two major 
nutrients are nitrogen and phosphorous. Nutrient enrichment can cause 
an increase in algal growth. Nitrogen consumes large amounts of oxygen 
in the nitrification process within the water. Both conditions can impair 
the use of our surface waters for water supply, recreation, and fish and 
wildlife habitat. 

Main sources of nutrients in urban areas include improper use 
of fertilizers, and organic matter from lawn clippings and leaves. Auto 
emissions can also contribute phosphorous in areas of heavy traffic. 

Trace metals can degrade water quality because of the effect they 
may have on aquatic life. The most common trace metals found in 
urban runoff are lead, zinc and copper, however other trace metals such 
as chromium, nickel and cadmium are frequently found. 

Bacteria levels can increase due to urbanization. Fecal coliform 
bacteria are found in the intestinal tract of warm-blooded animals and 
can be associated with animal wastes and failed septic systems. 

Hydrocarbons from petroleum are commonly found in urban 
runoff. The hydrocarbons attach to fine sediment and are then 
transported and deposited throughout the surface water system. 
Common sources of hydrocarbons are from roads, streets, and parking 
lots. Other sources include gasoline stations, fuel storage facilities. and 
improper disposal of motor oil. 

Factors affecting surface runoff 
Surface runoff is the volume of excess water that runs off a 

drainage area, or watershed. Peak discharge is the peak rate of runoff 
from a drainage area for a given rainfall. 

A watershed is a drainage area or basin in which all land and water 
areas drain or flow toward a central collector such as a stream, river, 
or lake at a lower elevation. The term watershed is synonymous with 
drainage area; the contributing area, in acres, square miles, or other 
unit is usually expressed as drainage area. 

General 
Rainfall is the primary source of water that runs off the surface 

of small watersheds. The main factors affecting the volume of rainfall 
that runs off are the kind of soil, type of vegetation and amount of 
impervious area in the watershed. Factors that affect the rate at which 
water runs off are watershed topography and shape along with man­
made features in a watershed. 
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Rainfall 
The peak discharge from a small watershed is usually caused by 

intense rainfall. The intensity of rainfall affects the peak discharge more 
than it does the volume of runoff. The melting of accumulated snow 
may result in a greater volume of runoff, but usually at a lesser rate than 
runoff caused by rainfall. The melting of a winter's snow accumulation 
over a large area may cause major flooding along rivers. Intense rainfall 
that produces high peak discharges in small watersheds usually does not 
extend over a large area. Therefore, the same intense rainfall that causes 
flooding in a small tributary is not likely to cause major flooding in a main 
stream that drains 10 to 20 square miles. 

Hydrologic soil groups 
Soils may be classified into four hydrologic soil groups, defined as 

follows: 
Group A soils have low runoff potential and high infiltration rates 

even when thoroughly wetted. They consist chiefly of sands and gravels 
that are deep, well drained to excessively drained, and have a high rate of 
water transmission (greater than 0.30 in/hr). 

Group B soils have moderate infiltration rates when thoroughly 
wetted and consist chiefly of soils that are moderately deep to deep, 
moderately well drained to well drained, and have moderately fine to 
moderately coarse textures. These soils have a moderate rate of water 
transmission (0.15 to 0.30 in/hr). 

Group C soils have low infiltration rates when thoroughly wetted and 
consist chiefly of soils having a layer that impedes downward movement of 
water and soils of moderately fine to fine texture. These soils have a slow 
rate of water transmission (0.05 to 0.15 in/hr). 

Group D soils have high runoff potential. They have very low 
infiltration rates when thoroughly wetted and consist chiefly of clay soils 
with a high swelling potential, soils with a permanent high water table, 
soils with a claypan or clay layer at or near the surface, and shallow soils 
over nearly impervious material. These soils have a very low rate of water 
transmission (0 to 0.05 in/hr). 

Cover Type 
"Cover type" describes conditions at the soil surface; e.g. vegetation, 

bare soil, impervious surfaces such as parking areas, roofs, streets, or 
roads. Cover type affects runoff in several ways. The foliage and its litter 
maintain the soil's infiltration potential by preventing the impact of the 
raindrops from sealing the soil surface. Some of the raindrops are retained 
on the surface of the foliage, increasing their chance of being evaporated 
back into the atmosphere. Some of the intercepted moisture takes so long 
to drain from the plant down to the soil that it is Withheld from the initial 
period of runoff. 
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Ground cover also allows soil moisture from previous rains to 
transpire, leaving a greater void in the soil to be filled. Vegetation, 
including its ground litter, forms numerous barriers along the path of 
the water flowing over the surface of the land. This increased surface 
roughness causes water to flow more slowly, lengthening the time of 
concentration and reducing the peak discharge. 

Treatment 
Conservation practices reduce erosion and help maintain an 

· "open structure" at the soil surface. This reduces runoff, but the effect 
diminishes rapidly with increases in storm magnitude. 
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Check dams, terraces, detention ponds, and similar practices reduce 
erosion and decrease the amount of runoff by creating small reservoirs. 
Closed-end level terraces act as storage reservoirs without spillways. 
Gradient terraces, surface roughening, vegetation increase the distance 
water must travel or impede its flow- and thereby increase the time of 
concentration. 

Hydrologic conditions 
Hydrologic condition indicates the effects of cover type and 

treatment on infiltration and runoff rates. It is generally estimated from 
the density of plant and crop residue on the area. Good hydrologic 
condition indicates that the soil usually has low runoff potential for that 
specific hydrologic soil group, cover type and treatment. Some factors 
to consider in estimating the effect of cover on infiltration and runoff 
are: canopy or density of leaves, amount of year-round cover, percent of 
residue cover, and the degree of surface roughness. 

In most cases, the hydrologic condition of the site affects the volume 
of runoff more than any other single factor. The hydrologic condition 
considers the effects of cover type and treatment on infiltration and runoff 
and is generally estimated from density of plant cover and residue on the 
ground surface. Good hydrologic condition indicates that the site usually 
has a lower runoff potential. 

A grass cover is "good" if the vegetation covers 75 percent or more 
of the ground surface. Cover is "poor" if vegetation covers less than 50 
percent of the ground surface. Grass cover is evaluated on the basal 
area of the plant, whereas trees and shrubs are evaluated on the basis of 
canopy cover. 
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Topography 
The slopes in a watershed have a major effect on the peak discharge 

at downstream points. Slopes have little effect on how much of the rainfall 
will run off. As watershed slope increases, velocity increases, time of 
concentration decreases, and peak discharge increases. An average small 
watershed is fan-shaped. As the watershed becomes elongated or more 
rectangular, the flow length increases and the peak discharge decreases. 

Potholes may trap a small amount of rain, thus reducing the amount 
of expected runoff. If potholes and marshland areas make up one-third 
or less of the total watershed and do not intercept the drainage from the 
remaining two-thirds, they will not contribute much to the peak discharge. 
These areas may be excluded from the drainage area for estimating peak 
discharge. If potholes constitute more than one-third of the total drainage 
or if they intercept the drainage, a "pond and swamp adjustment factor" 
can be applied. 

Runoff 
"Runoff" is the water leaving the water:shed during and after a storm. 

It may be expressed as the average depth of water that would cover the 
entire watershed. The depth is usually expressed in inches. The volume of 
runoff is computed by converting depth over the drainage area to volume 
and is usually expressed in acre-feet. 

Hydrologic Methods 
Hydrologic methods are well-covered in literature such as Soil 

Conservation Service (SCS) Technical Release 55, Urban Hydrology 
for Small Watersheds, other technical documents of various state and 
federal agencies, commercial publishing houses, and numerous computer 
programs. 

In order to assist designers preparing development plans and local 
Conservation Commissions reviewing such plans; checklists for reviewing 
reports prepared using SCS technical releases TR-20, Computer Program 
for Project Formulation -Hydrology, and TR-55, Urban Hydrology for 
Small Watersheds, have been included in this section. Natural Resources 
Conservation Service (formerly Soil Conservation Service) engineers often 
receive queries about technical details of hydrologic procedures, and a 
summary of common questions and answers has also been included. 

Note: Technical Releases issued prior to November 1994 are referred to as Soil Conservation Service 
Technical Releases. After November 1994, they are referred to as Natural Resources Conservation Service 
Technical Releases. 
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Checklist for Reviewing Reports Using SCS TR-55 Analysis 

~ Watershed map at a scale of I inch = 500 feet or larger. Show 
watershed boundary, sub-area boundaries, and sub-area names or 
numbers. Show time of concentration, curve number, and drainage 
area for each sub-area on the rriap. Contour maps must include some 
additional area outside the property line boundaries. 

~ Large scale map showing different soils within each sub-area 
boundary. May also be used to delineate drainage areas. Show the flow 
route used for calculating time of concentration for each sub-area. 

~ Tabulation sheet or computer printout showing runoff curve 
number and time of concentration calculations for each sub-area. 
Drainage areas, hydrologic soils groups, and land use areas should be 
documented and supported from soils maps or other references. 

~ Tabulation sheet showing calculations and equations used for 
any storage estimates to design a detention basin. 

~ Narrative explanation and documentation for any sheet flow 
lengths used that exceed 50 feet. 
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~ TR-55 printout showing graphical or tabular peak discharge 
calculations. include printouts for both pre-development and post­
development conditions. The printout showing the design of a detention 
basin should be included. Thes-e printouts should document any claim 
of zero discharge increase for all required storms. 

~ The written report should state the initial conditions and storm 
frequencies to be analyzed. Include a summary table showing the pre­
development, post-development, and designed system peak discharges 
for all design frequencies~ 

~ Show a sketch of the structure outlet system with elevations and 
dimensions. 
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Checklist for Reviewing Reports Using SCS TR-20 Analysis 

ii TR-20 watershed map at a scale of 1 inch = 500 feet or larger. Show 
sub-area boundaries, cross section locations and numbers, structure 
locations and numbers, and sub-area names or numbers. Show time of 
concentration, curve number, and drainage area for each sub-area on 
the map. Contour maps must include some additional area outside the 
property line boundaries. 

ii Large scale map showing different soils within each sub-area 
boundary. May also be used to delineate drainage areas. Show time of 
concentration calculation path used for each sub-area. 

ii Tabulation sheet or computer printout showing runoff curve 
number and time of concentration calculations for each sub-area. Drainage 
areas, hydrologic soils groups, and land use areas should be documented 
and supported from soils maps or other references. 

ii Tabulation sheet showing calculations and equations used for 
structure stage, discharge, and storage volumes, and cross-section 
elevation, discharge, area calculations. Include sketches of structures and 
cross sections showing elevations and dimensions used in the calculations. 

ri Narrative explanation and documentation for any sheet flow lengths 
used that exceed 50 feet. 

ii TR-20 printout showing input listing and a minimum output of the 
summary tables. The minimum required output is listings and summary 
tables for the pre-development, post-development, and post-development­
with-control for all required storms. These printouts should document any 
claim of zero discharge increase for all required storms. 

ri The written report should state the initial conditions and storm 
frequencies to be analyzed. Include a summary table showing the pre­
development, post-development, and designed system peak discharges for 
all design frequencies . 
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Common Questions and Answers About 
Urban Hydrology for Small Watersheds, TR-55 

General 
Q. What is the minimum acceptable drainage area for the procedure? 
A. The procedure does not have a drainage area limit. It is governed by 
a minimum time of concentration of 0.1 hours. 

Q. What rainfall distribution should be used for Massachusetts? 
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A. All of Massachusetts is covered by the Type Ill rainfall distribution. 
This distribution represents the influence of thunderstorms and tropical 
storms (e.g. hurricanes) along the coast. 

Q. What is the difference between the Type II and Type Ill rainfall 
distributions? 
A. The Type Ill distribution is a little less intense than the Type II 
distribution. The Type III distribution reduces the peak discharges by 
34 percent for short time of concentrations of 0.1 hours, by 17 percent 
for a Tc of 1.0 hours, by 8 percent for a Tc of 3 hours, and approximately 
the same for time of concentrations of 7 to 10 hours. 

Time of Concentration 
Q. How do you handle time of concentrations less than 0.1 hours? 
A. The procedure has a minimum time of concentration of 0.1 hour. If 
the computed Tc is less than 0.1 hour, use the minimum value of 0.1 
hour. The lower limit is consistent with the available rainfall intensity 
information from the National Weather Service. The rainfall distribution 
curve incorporates the high intensity rainfall storm having a 5-minute 
duration. 

Q. What is the acceptable limit for the length of sheet flow? 
A. The procedure designates a maximum limit of 300 feet for sheet flow. 
Considering the definition of sheet flow as flow on a plane surface, a 
more practical limit in the northeast is 50 to 100 feet. 

A good example of sheet flow is flow from the crown of a football 
field to the edge of the field, where the flow becomes concentrated in a 
grass swale. In woods the sheet flow length is also short because flow 
can be diverted by stonewalls, fallen trees, and tree roots. Considering 
the contributing area represented by sheet flow in proportion to th.e 
total drainage area, the travel time for sheet flow should be a small part 
of the total time of concentration. If the sheet flow length is greater than 
10 percent of the total hydraulic length for the watershed or subarea, 
re-evaluate the sheet flow and travel time calculations. 
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Q. For sheet flow, should a surface cover of "woods with dense 
underbrush" be used? 
A. This surface cover should be avoided, because the "n" value for this 
cover type is extrapolated from research data and does not represent 
typical conditions in the Northeast. 

Q. Does shallow concentrated flow need to be used in the time of 
concentration calculations? 
A. The method for shallow concentrated flow is used to calculate the 
travel time for the transition between sheet flow and open channel flow. 
If cross section information is available for the shallow concentrated flow 
segments, they can be treated as open channel flow for calculating travel 
time. 

Q. How can USGS quad sheets be used to calculate time of concentrations? 
A. The first segment can be a 50-foot length for sheet flow at the top 
of the watershed. Shallow concentrated flow will represent segments · 
across parallel contour lines and defined watercourses on the maps. 
Open channel flow will be used for streams indicated by blue lines on the 
maps. A field visit of the area should be made to check the flow path and 
obtain information on the hydraulic characteristics of the channel. This 
information should include measuring the top width and depth of the 
channel for bank-full conditions. 

Q. Can the upland method (Figure 15.2 in NEH-4) be used to calculate time 
of concentrations? 
A. This method was originally developed for estimating time of 
concentrations in small rural watersheds. Based on more recent research 
and analyses, the sheet flow equation in TR-55 has superseded the upland 
method. 

Q. Can other methods be used to calculate time of concentration? 
A. The recommended method for calculating time of concentration is 
the stream hydraulics method. Travel times are calculated based on flow 
characteristics for each segment in the flow path. Other methods can be 
used, but they should be checked to see if the results are realistic for the 
site conditions. The same method should be used when analyzing existing 
and developed situations. 

Hydrographs 
Q. Can the hydrograph developed by the Tabular Method be used for 
detention basin routing? 
A. The composite hydrograph developed by the Tabular Method is only 
a partial hydrograph at the design point based upon rounded time of 
concentration and travel time values in the tables. The partial hydrograph 
can be extrapolated to get a total hydrograph for routing by other 
methods, but this is still an approximation of the entire hydrograph. If 
hydrographs are needed within the drainage basin or a more precise 
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hydrograph is needed, another hydrologic method should be used such 
as TR-20. 

Q. Does the Tabular method consider reach routing? 
A. The subarea hydrograph is translated downstream based on the 
travel time for the reach. The method does not consider storage routing 
in the reach. Floodplain storage in a reach will reduce the peak flow 
similar to reservoir routing, as well as lag the timing of the peak. If reach 
storage routing needs to be considered, use the TR-20 hydrology model. 

Storage Effects 
Q. Can you account for pond and swamp storage within the drainage 
basin? 
A. The Graphical Method has an adjustment factor to account for 
ponds and swarms spread throughout the basin and not in the time of 
concentration flow path. In both the Graphical and Tabular Methods, 
the storage effects within the time of concentration flow path can 
partially be accounted for by increasing the travel time for the segment, 
based upon typical pond routings. 
The TR-20 hydrology model should be used in order to analyze the 
actual effects of pond and swamp storage within the basin by routing 
each storage area. 

Q. Can you get a hydrograph with the TR-55 storage routing method? 
A. The method just determines the peak outflow or total storage volume 
required for a detention basin. It is based on average storage and 
routing effects for many structures and is on the conservative side. If 
an outflow hydrograph or a more refined storage analysis is needed, the 
inflow hydrograph needs to be routed by other procedures. The Tabular 
Method can be used to create an approximate inflow hydrograph. The 
TR-20 hydrology model can be used to create an inflow hydrograph, 
conduct storage routings of a detention basin, and calculate the outflow 
hydro graph. 

Gustafson, C. J., and L. N. Boutiette, Jr., Con(roUingSurface WaterRunoH, 
Soil Conservation Service, Amherst, MA, 1993. 

Minnick, E. L., and H. T. Marshall, Stormwater Mgnqzement and Erosion 
Control for Urban and DevelOJ?ing Areas in New Hampshire, Rockingham 
County Conservation District, August 1992. 

New Hampshire Department of Environmental Services, BaL 
Manazement Practices to ControlNonooint Source PoUution, Amanuensis, 
Manchester, NH, May 1994. 
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North Carolina Sediment Control Commission, Erosion and Sediment 
Control Plannine and DesWo Manual, Raleigh, NC, September, 1988. 

U.S. Department of Agriculture,, Washington, DC, Engineering Field 
Handbook, Chapter 2, Estimating RunoH and Peak discharge. 

U.S. Department of Agriculture, Soil Conservation Service, Washington, DC, 
Urban Hydroloe)' for Small Watersheds. Technical Release 55, June, 1986. 

U.S. Department of Agriculture, Soil Conservation Service, Amherst, MA, 
Supplement to the TR-55 Hydroloe)' Procedure, 1992. 

Vegetation protects the soil surface from raindrop impact, a major 
force in dislodging soil particles and moving them downslope. It also 
shields the soil surface from the scouring effect of overland flow and 
decreases the erosive capacity of the flowing water by reducing its velocity. 
Vegetative cover is relatively inexpensive to achieve and tends to be self­
healing; it is often the only practical, long-term solution to stabilization and 
erosion control on most disturbed sites in Massachusetts. 

The shielding effect of a plant canopy is augmented by roots and 
rhizomes that hold the soil, improve its physical condition, and increase 
the rate of infiltration, further decreasing runoff. Plants also reduce the 
moisture content of the soil through transpiration, thus increasing its 
capacity to absorb water. 

Planning from the start for vegetative stabilization reduces cost, 
minimizes maintenance and repair, and makes erosion and sediment 
control measures more effective and less costly to maintain. Final 
landscaping is also less costly where soils have not been eroded, slopes 
are not too steep, and weeds are not allowed to proliferate. 

Design projects so that only the area that is totally necessary 
is disturbed. The existing natural areas provide low-maintenance 
landscaping, shade, and screening, and soil stability. Large trees increase 
property value, but must be properly protected during construction. 

Besides preventing erosion, healthy vegetative cover provides a stable 
land surface that absorbs rainfall, cuts down on heat reflectance and dust, 
restricts weed growth, and complements architecture. It creates a pleasant 
environment, and an attractive site. Property values can be increased 
dramatically by small investments in erosion control. Vegetative cover and 
landscaping represent only a small fraction of total construction costs and 
contribute greatly to the marketing potential of a development. 
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Site Considerations 
Species selection, establishment methods, and maintenance 

procedures should be based on site characteristics including soils, 
slope, aspect, climate, and expected management. 

Soils 
Many soil characteristics - including texture, organic matter, 

fertility, acidity, moisture retention, drainage, and slope - influence the 
selection of plants and the steps required for their establishment. 

Nature of Disturbed Soils 
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Most disturbed sites end up, after grading, with a surface 
consisting of acid, infertile subsoil materials that lack nutrients 
necessary for supporting plant growth. Such soils may not be capable of 
supporting the dense growth necessary to prevent erosion. 

Construction activities further decrease soil productivity by 
increasing compaction, making slopes steeper, and altering drainage 
patterns. Topsoiling, addition of soil amendments, and special seedbed 
preparation are genera:Ily required. Some native plant species are better 
suited to these conditions. 

Soils Investigation 
The vegetative plan should be based on thorough soil sampling 

and testing in the area of planned construction. Different soils should 
be sampled s.eparately. Contact the local Conservation District office for 
suggestions on providers of these services. Test results should include 
lime and fertilizer recommendations. Fertilizing according to the soil 
test ensures the most efficient expenditure of money for fertilizer and 
a minimum of excess fertilizer to pollute streams or groundwater. Soil 
sampling should begin well in advance of planting because 1 to 6 weeks 
are required to obtain soil test results. 

Information on the soil type is useful in selecting the plants to be 
used. Native plants growing on similar soils will be good candidates for 
revegetation. 

Wet and dry areas should be checked at the time of maximum 
wetness and when the dry areas can be differentiated from the wet 
ones; making it possible to place plants in the microsites for which they 
are best adapted. 

Soil Limitations 
Certain soil factors are difficult to modify and can impose severe 

limitations on plant growth. These include such things as rooting depth, 
stoniness, texture, and properties related to texture such as organic 
matter content, and water- and nutrient-holding capacity. 
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Extremely coarse (gravelly) textures result in droughtiness and 
nutrient deficiencies. Fine textures, on the other hand, impede infiltration 
and decrease permeability, thereby increasing the volume of runoff. Light 
sandy soils may need special treatment with mulches or tackifiers to 
stabilize them sufficiently to allow plant establishment. Other soils may 
have a hardpan that limits water and root penetration. 

Toxic levels of elements such as aluminum, iron, and manganese are 
limiting to plant growth. These become less soluble as the pH is raised, 
however, so that toxicity problems can usually be eliminated by liming. 

Soil survey reports may refer to "poor," "severe," and "droughty," 
soils. These are soils that require special treatment beyond routine tillage 
and fertilization. 

Slope 
The steeper the slope, the more essential a vigorous vegetative cover 

is. Good establishment practices, including seedbed preparation, quality 
seed, lime, fertilizer, mulching and tacking are critical. The degree of slope 
may limit the equipment that can be used in seedbed preparation, planting, 
and maintenance; steep slopes also increase costs. 

The severity of past erosion will indicate the degree of mechanical 
stabilization and slope preparation necessary for plant establishment. 
Shallow surface erosion will indicate the need for maximum surface 
plant cover. More deep-seated erosion will indicate the need for a high 
percentage of deep-rooted species. Relatively small rills and gullies will be 
smoothed as a matter of course during construction, whereas large gullies 
may need to be reworked with heavy equipment. 

Slope angles steeper than 30-34 percent are difficult to revegetate. 
Steep slopes should be laid back whenever possible. Vegetation 
establishment is difficult at best on the tops of cuts. Rounding improves 
the chances of successful revegetation and minimizes chances of future 
undercutting. 

Aspect 
Aspect affects soil temperature and available moisture. South- and 

west-facing slopes tend to be hotter and drier, and often require special 
treatment. For example, mulch is essential to retain moisture, and drought­
tolerant plant species should be added to the seed mixture. South- and 
west-facing slopes also may be subject to more frost heaving due to 
repeated cycles of freezing and thawing. 
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Temperatures are lower on north- and northeast-facing slopes 
than on south- and west-facing slopes. Colder temperatures lead to 
lower evapotranspiration values which result in more available water 
for plant growth. The effective growing season is reduced somewhat, 
however; soil temperatures are lower, affecting seed germination, and 
the possibility of frost damage is greater. 

Climate 
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Climatic differences determine the appropriate plant selections 
based on such factors as cold-hardiness, tolerance to high temperatures 
and high humidity, and resistance to disease. Native plant lists give 
historic information on plants known to have survived in regions over 
centuries. 

Microclimate 
Valleys, draws, and low spots will have different microclimates 

from immediately adjacent higher areas. They will tend to have higher 
soil moisture because of higher water tables. They will be colder than 
adjacent higher ground. These conditions will affect plant performance 
in the same way that they do on slopes of different aspects. 

Exposure to winds will vary from site to site in a general area. The 
winds may occur in either summer or winter or both. Wind increases 
evapotranspiration and reduces the effective water availability. Summer 
winds will make plant establishment more difficult, and winter winds 
may increase winter damage. 

Soil pH 
Soil pH may limit choices of plant species. Some plants require acid 

soils, some alkaline, and some are tolerant of a wide range of pH. High 
soil pH (7.5 and above) or low pH (4.5 or below) may restrict availability 
of plant nutrients or may make toxic ions available. Extremely low pH 
levels will increase availability of aluminum, and manganese and other 
metal ions that are toxic to plants. The pH in surface soils may be 
satisfactory for plant growth, but highway cuts may expose strata with 
abnormally high or low pH levels. 

Management 
When selecting plant species for stabilization, consider post­

construction land use and the expected level of maintenance. In every 
case, future site management is an important factor in plant selection. 

Where a neat appearance is desired, use plants that respond well 
to frequent mowing and other types of intensive maintenance. 

At sites where low maintenance is desired, longevity is particularly 
important. Try to use native species. 
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Seasonal Considerations 
Newly constructed slopes and other unvegetated areas should be 

seeded and mulched, or sodded, as soon as possible after grading. Where 
feasible, grading operations should be planned around optimal seeding 
dates for the particular region. The most effective times for planting 
perennials generally extend from April through May and from August 
through September. Outside these dates the probability of failure is higher. 
Late summer (August 15- September 30) is the best period to establish 
grass/legume seedings. 

If the time of year is not suitable for seeding permanent cover 
(perennial species), a temporary cover crop should be planted. Otherwise, 
the area must be stabilized with gravel or mulch. Temporary seeding of 
annual species (small grains, Sudangrass, or German millet) often succeeds 
at times of the year that are unsuitable for seeding permanent (perennial) 
species, 

Dormant seeding can be made from the end of November through 
March. This type of seeding needs to be adequately protected with mulch, 
or better yet, erosion control fabric. 

Seasonality must be considered when selecting species. Grasses and 
legumes are usually classified as "warm" or "cool" season in reference to 
their season of growth. Cool season plants produce most of their growth· 
during the spring and fall and are relatively inactive or dormant during 
the hot summer months, therefore late summer into early fall is the most 
dependable time to plant them. Warm season plants greenup late in the 
spring, grow most actively during the summer, and go dormant at the 
first frost in fall. Spring and early summer are preferred planting times for 
warm-season plants. 

Plant Species 
Species selection should be considered early in the process of 

preparing the erosion and sedimentation control plan. For practical, 
economical stabilization and long-term protection of disturbed sites, 
species selection should be made with care. Many widely occurring plants 
are inappropriate for soil stabilization because they do not protect the soil 
effectively, or because they are not quickly and easily established. Plants 
that are preferred for some sites may be poor choices for others; some can 
become troublesome pests. 

Initial stabilization of most disturbed sites requires grasses and 
legumes that grow together without gaps. This is true even where part 
or all of the site is planted to trees or shrubs. In landscape plantings, 
disturbed soil between trees and shrubs must also be protected either by 
mulching or by permanent grass-legume mixtures. Mulching alone is an 
alternative, but it requires continuing maintenance. 
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Mixtures vs. Single-Species Plantings 
Single-species plantings are warranted in many cases, but they 

are more susceptible than mixtures to damage from disease, insects, 
and weather extremes. Also, mixtures tend to provide protective cover 
more·quickly. The inclusion of more than one species should always be 
considered for soil stabilization and erosion control. 

Addition of a quick-growing annual provides early protection and 
facilitates establishment of perennials. More complex mixtures might 
include a quick-growing annual, one or two legumes, and one or two 
perennial grasses. 

Companion or "Nurse" Crops 
The addition of a "nurse" crop (quick-growing annuals added 

to permanent mixtures) is a sound practice for soil stabilization, 
particularly on difficult sites - those with steep slopes; poor, stony, 
erosive soils; late seedings, etc.- or in any situation where the 
development of permanent cover is likely to be slow. The nurse crop 
germinates and grows rapidly, holding the soil until the slower growing 
perennial seedlings become established. Seeding rate of the nurse crop 
must be limited to avoid crowding, especially under optimum growing 
conditions. 

Legumes: Nitrogen-Fixing Plants 
Legumes should be used when practical because of their ability 
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to improve sites by adding nitrogen. They should be inoculated at 
planting with appropriate bacteria. Commercial inoculants are available 
for many species. Native species for which no commercial inoculant is 
available should be inoculated by incorporating soil from native stands 
in the soils in which transplants are grown, or by topdressing with 
native soils. 

Annuals 
Annual plants grow rapidly and then die in one growing season. 

They are useful for quick, temporary cover or as nurse crops for slower­
growing perennials. 

Winter rye 
Winter rye (grain) is usually superior to other winter annuals 

(wheat, oats, crimson clover, etc.) both for temporary seeding and as 
a nurse crop in permanent mixtures. It has more cold hardiness than 
other annuals and will germinate and grow at lower temperatures. By 
maturing early, it offers less competition during the late spring period, a 
critical time in the establishment of perennial species. 

Rye grain germinates quickly and is tolerant of poor soils. Including 
rye grain in fall-seeded mixtures is almost always advantageous, but it is 
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particularly helpful on difficult soils and erodible slopes or when seeding is 
late. Overly thick stands of rye grain will suppress the growth of perennial 
seedlings. Limit seeding rates to the suggested level. About SO pounds per 
acre is the maximum for this purpose. Where lush growth is expected, that 
rate should either be cut in half, or rye grain should be eliminated from the 
mixture. 
Annual ryegrass 

Annual ryegrass provides dense cover rapidly, but may be more 
harmful than beneficial in areas that are to be permanently stabilized. 
Annual ryegrass is highly competitive, and if included in mixtures, it 
crowds out most other species before it matures in late spring or early 
summer, leaving little or no lasting cover. It can be effective as a temporary 
seeding, but if allowed to mature the seed volunteers and seriously 
interferes with subsequent efforts to establish permanent cover. Winter 
rye (grain) is preferable in most applications. 
German millet · 

German millet is a fine-stemmed summer annual, useful for temporary 
seeding, as a nurse crop, and for tacking mulch. It is better adapted to 
sandy soils than are the Sudangrasses. Normal seeding dates are between 
the last frost in spring and the middle of August. 
Sudangrass 

Only the small-stemmed varieties of Sudangrass should be used. Like 
German millet, Sudangrass is useful for temporary seeding and as a nurse 
crop, but it is adapted to soils higher in clay content. 

Perennials 
Perennial plants remain viable over winter and initiate new growth 

each year. Stands of perennials persist indefinitely under proper 
management and environmental conditions. They are the principal 
components of permanent vegetative cover. Wherever possible, use native 
species for plantings 

Native vs. Non-Native Species 
In general, if a plant is indigenous to a given area of the country, it is a 

native. Some define "native" more narrowly, even to a plant indigenous to a 
given site. 

Non-native plant species have been used to control erosion since the 
dust-bowl days of the 1930s. They are vigorous, establish their dense root 
systems in the soil, and ·stabilize bare earth. 

These non-native plants, however, can be very competitive. 
Introduced, invasive plants can cause many more problems than they will 
solve. They crowd out native species and reduce plant diversity. They are 
capable of taking over landscapes, resulting in a monoculture. Natural 
ecosystems are degraded and the site may become vulnerable to disease 
and pest threats. 
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Even when non-natives are only a minor component of the seed 
mix, they tend to outperform and overrun natives for the first few 
years. Then, over the long term, 10 to 15 years, introduced species may 
weaken and die out. Native species generally have long-term superiority 
over non-native species. 

Non-natives typically offer two features often lacking with native 
species; they are readily available and much cheaper than natives. 
Compared to earthmoving costs on most sites, however, the cost of 
seed is very small. 

In addition to price and availability, project objectives can also 
affect the decision to plant native or introduced species. For example, 
an introduced species may be the only seed available that will establish 

· soon enough to protect from a fast-approaching winter and its storms. 

Native Species 
Native plants evolved under local soil and climatic conditions and 

are best adapted to sites similar to those on which they grow. They are 
adapted to annual fluctuations in rainfall and temperatures. Natives 
often have minimal fungus and insect problems or exist in reasonable 
balance with such pests. At a proper site, they become established, 
reproduce, and perform satisfactorily without supplementary irrigation 
or maintenance. Native plants blend aesthetically with the surrounding 
vegetation. 

Using native plants maintains the genetic integrity of plant 
populations in the area. Native plants have adapted to an environment; 
an important consideration in establishing environmentally-sound and 
low maintenance landscapes. 

Native plants are especially adapted to poorer soils and may 
require no fertilizers or pesticides. Some of them, e.g. sweetfern, refuse 
to grow well, and sometimes not at all, if given fertilizer~ Native plants 
are also adapted to the soils and require little or no watering. 

Retaining native buffers produces great benefits for wildlife. 
. Establishing islands of vegetation offers increased biotic diversity and 

helps produce wildlife benefits. 
Native species maintain natural diversity providing an alternative 

to boring landscapes which routinely appear around shopping centers, 
industrial buildings and condominiums. Some people feel that disturbed 
land should reflect the natural plant systems in place before the site 
was disturbed. 

Native species may be slow to establish, but this is not a significant 
drawback. Some sort of mulch is usually used anyway to control erosion 
on newly-seeded disturbed areas. Generally, it takes a year or so before 
native species can begin protecting the soil, but within two or three 
years they can provide as much cover as non-natives. Native species 
are becoming popular for highway embankments, utility corridors, and 
other development sites. 
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The availability of native planting stock, seeds or transplants, is 
sometimes limited because of lack of demand or limited knowledge about 
propagation methods and cultural requirements. There may be limited 
numbers of species adapted to artificially altered or disturbed sites.· The 
use of introduced species may be necessary when the numbers of suitable 
plant species is limited. Increased demand for native plant ma,terials, 
however, will encourage nursery suppliers to stock them. 

Non-Native Species 
Other terminology: ''introduced, " "Exotic. " 

The number of introduced species with potential for revegetation of 
any particular site is usually greater than the number of native species. 
The commercial availability of introduced species is usually greater 
because they are the plants of our cultivated landscapes, and more 
information is usually available about their propagation and cultural 
requirements. 

Introduced plants may sometimes be better adapted to an area than 
native plants. This may be so because of random chance in evolution 
or because evolutionary changes in the native plant spectrum have not 
occurred as rapidly as climatic changes. Introduced plants sometimes 
have fewer problems than natives because diseases and pests have been 
"left behind." Introduced species may be more pleasing, aesthetically, 
than many natives in urbanized areas because they blend with the 
surroundings. 

There are now about 900 alien or introduced plant species in 
Massachusetts, about a third of the state's flora. In their native habitats, 
many of these plants were restrained by the pests and diseases that 
evolved with them over thousands of years. When brought into a new 
environment, however, they are not bound by natural restraints. The 
characteristics of disease resistance, fast growth, abundant reproduction, 
easy propagation, wildlife food production allow them to outcompete and 
overwhelm native plants. 

Native· Grasses 
Big Bluestem* Andropogon gerardii 
Big Bluestem is a long-lived perennial, warm-season native grass that 
has excellent drought resistance. It is being used in critical area seedings 
where cool season species cannot tolerate the high temperatures or coarse 
soils. It is selected for the Northeast for its standard durability. It grows 
from 5 to 7 feet tall and is very leafy. 
Big Bluestem is an erosion control plant for sand and gravel pits, mine 
spoil, and road sides. It is also excellent cover for wildlife. 
Seed Big Bluestem in the early spring, taking care to compact the soil 
after seeding. Seed at 15 to 20 pounds per acre. It is slow to germinate and 
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establish the first year but will produce fair to good cover by the end 
of the second year. 
Big Bluestem grows well on hot, droughty sites. It tolerates medium 
to low fertility, acid, sandy, loamy, and clayey soils, has poor shade 
tolerance and prefers well-drained sites. 

Little Bluestem* Schizachryrium scoparium 
Little Bluestem is a persistent, low maintenance, warm-season bunch 
type perennial grass. As a native grass, Little Bluestem is almost 
always incorporated into mixes used to produce longliving native 
stands. Used as a cover plant on slopes and road banks. 
Grows well on either uplands or lowlands. It is drought tolerant and 
adapted to wide variety of soil types, but is not very shade tolerant. Its 
russet-red color in fall and winter make it desirable for landscaping. 
Height: 1 - 3' 
Seedling vigor is weak, and control of competition is necessary. For 
best results, soil pH should be between 5.5 to 6.5. 

Deertongue Dichanthelium clandestinum 
Deertongue is a native warm-season bunch grass that grows to a height 
of 1-1/2 to 3 feet. It has broad, short leaves and a strong, fibrous root 
system. It will tolerate sites with a pH as low as 3.8 and aluminum 
concentrations which limit growth of other species. 
Deertongue is excellent for revegetating acid mine spoil and ground 
cover for erodible sandy areas, such as road banks, ditch banks, and 
gravel pits. The seeds are eaten by many species of birds. 
Deertongue grows in low-fertility, acid, loamy, and sandy soils. It has 
excellent drought tolerance, poor shade tolerance, and tolerates 
moderately well drained soil. 
Establish by seeding early in spring. Seed 12 to 15 pounds per acre. It 
can be seeded with 10 to 15 pounds of tall fescue or perennial ryegrass 
for quick cover. It will produce complete cover in 2 years. 

Eastern Gamagrass* Tripsacum dactyloides 
A native, warm-season, perennial, tall grass that grows in large clumps 
from 1 - 4 feet in diameter on stems 3 - 9 feet tall. Regrows vigorously 
after mowing. Height: 3 - 9' 

lndiangrass* Sorghastrum nutans 
Indiangrass is a native, perennial warm season bunch type grass 
that grows 3 to 5 feet in height and produces most heavily from July 
through September. 
Indiangrass is excellent for wildlife habitat, critical area seeding and 
as roadside beautification 'and erosion control. Indiangrass is winter 
hardy. It grows best in deep, well-drained soil, but is tolerant of 
moderately wet soil. 
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Tumble Lovegrass* Eragrostis Spectabilis 
Fine-leaved bunch grass; tan, purplish, dainty, feathery seed heads. Grows 
best in sandy soil. Height: 10- 12" 

Annual Ryegrass Lolium multiflorum 
Annual Ryegrass is a short lived, annual grass useful for obtaining quick 
ground cover for lawns, slopes, and mine spoils. It usually germinates in 4 
to 7 days, making it very effective for soil erosion. It is adapted to a wide 
range of soil conditions. Seed in mixtures at a rate of 20 to 30 pounds per 
acre. 

Switchgrass* Panicum virgatum 
Switchgrass is a medium height to tall perennial grass that grows native in 
nontidal marshes, stream banks, lake shores, moist woods, and fresh tidal 
marshes. 
Grows under a wide range of soils: low-fertility, acid, sandy, clayey, and 
loamy soils. Winterhardy, and has excellent heat and drought tolerance, 
low shade tolerance. Does well on moderately well drained soils. Feathery, 
open heads; orange-yellow in winter. 
Switchgrass is a valuable soil stabilization plant on strip mine spoil, sand 
dunes, dikes, and other critical areas. It is also suitable for low windbreak 
plantings in truck crop fields and provides food and excellent nesting and 
fall and winter cover for wildlife. 
Switchgrass requires 1 to 2 years.to become totally established. Little or no 
management is required after establishment. 
Height: 4- 5' 
Varieties: 
"Blackwell" - reclamation (performs better under low maintenance and wet 
soils), 4 to 5 feet tall. 
"Shelter" - Plant Material Center released variety, wildlife cover, 4 to 6 feet 
tall. Besides being a good plant for revegetation of surface mine spoil, sand 
and gravel pits, and steep, sandy roadside cuts, Shelter is an excellent 
wildlife plant that provides year-round cover and food during the fall and 
winter. Its stiff stems resist lodging and will recover to an upright position 
after winter snowstorms. 

Canada Wildrye Elymus canadensis 
A cool season, native grass that prefers moist sites. This perennial bunch 
grass has very good seedling vigor and early spring growth, which make it 
easy to establish and cover ground rapidly. (See also Wetland Grasses.) 

Riverbank Wild Rye Elymus riparius 
This rye grows along nontidal shores, wet woods, meadows, prairies and 
also fresh tidal marshes. With the exception of having a somewhat nodding 
spike, this perennial grass has very similar characteristics to Virginia Wild 
Rye. (See also Wetland Grasses.) 
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Virginia Wildrye Elymus virginicus 
A cool-season, native grass that tolerates both moist and dry sites, shade 
and full sun. Medium height perennial. While it can be planted alone, it 
makes an excellent component in a flood plain mix or a habitat mix. (See 
also Wetland Grasses.) 

Broomsedge Andropogon virginicus 
Broomsedge is a very hardy perennial which will tolerate both low pH and 
fertility. It is a clump type grass that will grow to a height of 1 to 3 feet. 
Mainly found in upland wet areas, an excellent ground cover, and provides 
feed for game and songbirds. 
*Denotes warm-season grass. 

Other Grasses 
Kentucky bluegrass 
Kentucky bluegrass has higher lime and fertility requirements than some 
other perennial grasses. Bluegrass spreads by strong rhizomes and, where 
adapted, is an excellent soil stabilizer, readily filling in damaged spots. 
It has undergone intensive breeding activity in recent years, resulting in 
varieties with more heat tolerance and resistance to hot-weather diseases. 

Creeping Red Fescue Festuca rubra 
Creeping Red Fescue grows in medium fertility, slightly acid, clayey and 
loamy soils. It has fair drought tolerance, excellent shade tolerance and 
requires well drained soils. It will produce a complete cover of attractive, 
uniform sod in one year. 
It is a cool season, fine textured, lawn grass that has narrow, bright green 
leaves. Similar to bluegrass. 
It spreads by short underground stems to produce a tight, dense sod for 
stabilizing road banks and north facing slopes. Above-ground stems have 
a reddish tint and grow to a height of 18 inches. Red fescue may turn 
brown in hot, dry summer weather but will recover in the fall. 
Red fescue is established by seeding on a firm seed bed in spring or early 
fall. It is usually used in a mix constituting 25 to 60 percent of the total and 
seeded at 3 to 5 pounds per thousand square feet. 'Pennlawn' is the most 
popular variety available. 

Red Top Agrostis alba 
Redtop is a tough, cool-season perennial grass tolerant of infertile, 
droughty, somewhat acid soils. 
Red Top will provide quick cover for critical areas such as grassed 
waterways, road banks, diversions, and strip mine spoils. Other uses 
include erosion control, and temporary grass in turf seedings. It can be a 
useful component of mixtures on dry, stony slopes. 
It is a fast-starting, sod-forming grass that is about 18 inches tall at 
maturity. It will produce effective ground cover the first year. Because it is 
fast starting and tolerates cold temperatures and poorly drained soils, red 
top is widely used as a component in mixtures planted on disturbed sites 
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in Northeast. 
Red Top grows in clayey, loamy, and sandy soils. It has poor shade 
tolerance. 

Perennial Ryegrass Lolium perenne 
Perennial Ryegrass is a fast growing, short term grass used for soil 
stabilization and improvement and lawns. Rapid growth rate is the primary 
conservation value, producing complete cover in a few months. 
It grows in medium fertility, acid, clayey and loamy soils. It has fair drought 
tolerance, poor shade tolerance and will tolerate somewhat poorly drained 
soil. It grows to a height of 1 to 2 feet. Many long, narrow leaves extend 
from the base of the plant. 
Oftentimes, seeding mixtures containing red fescue, redtop, Canada 
bluegrass, or perennial ryegrass are used; as they provide good short 
term erosion protection, but will allow indigenous plants to eventually 
naturalize the site. 
When used in mixes, ryegrass should not exceed 20% of the mix. The 
turf varieties are longer lived and include 'Manhattan II,' 'Pennant' and 
'Pennfine.' 

Native Legumes 
Roundhead lespedeza Lespedeza capita 
Roundhead lespedeza is common on sand dunes, dry fields, sandy woods, 
and roadsides. It is important for soil stabilization. It flowers from June to 
September. The foliage is eaten by deer and turkeys. Seeds are consumed 
by upland birds and rodents. 
Roundhead lespedeza seed is commercially available. The seed should be 
scarified to assure high rates of germination. Life span: perennial. 

Panicled tickclover Desmodium paniculatum 
Panicled tickclover is infrequent to locally common in dry woods, 
especially if the soil is rocky or sandy. It occasionally is found on 
roadsides. It flowers from July to September. It is consumed by domestic 
livestock and deer while it is immature. Rodents and birds utilize the 
seeds. 
Seed is not commercially available. Panicled tickclover has no value for 
landscaping or erosion control. Life span: perennial. 

Canada tickclover Desmodium canadense 
Canada tickclover is infrequent to common in prairies and thickets and 
along rivers and roads. It is most common in sandy soil. It flowers from 
July to September. Foliage is eaten by deer and rabbits. Many kinds of 
rodents and birds eat the seeds. 
Canada tickclover is poor for erosion control. It has no value for 
landscaping. Life span: perennial. · 
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Yellow wildindigo Baptisia tinctoria 
Yellow wildindigo is scattered to common in open woods and clearings. It 
flowers from late May through July. Life span: perennial. 
Seed is seldom commercially available. Most seed is destroyed in the 
legume by weevils. Germination may be improved by scarification and 
stratification. It is an attractive landscape plant. 
Caution must be taken, because it may be poisonous to humans. 

Groundnut Apios americana 
Groundnut is infrequent to locally common in moist soils of ravines, pond 
and stream banks, and thickets. Life span: perennial. 
Seeds are eaten by upland game birds and song birds. Tubers are eaten by 
mice, rabbits, and squirrels. 
Seed is not commercially available. The plant has no potential for 
landscaping, although it holds promise as a tangle vine for erosion 
control. 

Beach pea Lathyrus japonicus 
Native to coastal Massachusetts. Adapted to beach/dune sites. Life span: 
perennial. 
Seeded in moist, inter-dune areas. 

Bush clover .Lespidesa capitata 
Bush clover may be used in locations where Sericea Lespedeza would 
previously have been recommended. 

Native Ground Covers 
Wintergreen Gaugtheria paceumbens 
6" (Height) x 3' (Spread) 
Acid, average/dry soil. Partial shade. Evergreen, reddish in winter, pinkish­
white flowers, red berries. 

Bearberry Artostaphylus uva-ursi 
9" X 3' 
Sandy soil. Full sun to partial shade. Evergreen, bronze in falL urn-shaped 
flowers, red berries, sturdy and reliable. 

Cranberry Vaccinium macrocarpon 
4"x3' 
Cool, moist soil.Full sun. Evergreen, dense, glossy, red edible fruit. 

Bunchberry Cornus Canadensis 
6" . 
Moist, acid soil. Partial/full shade. Excellent under pines, broad-leaved 
evergreens, lovely fruit, whorled leaves, beautiful. 
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Trailing arbutus Epigaea repens 
5"x2' 

Plants, Vegetation, and Soil Cover 

Acid, sandy soil with oak leave/pine needle mulch. Evergreen; dainty, fragrant 
flowers, does not tolerate disturbance. State flower of Massachusetts. 

Virginia creeper Parthenocissus quinequefolia 
35' 
Vine/ground cover. Tolerant as to soil. Sun/shade. Excellent low-maintenance 
cover, does not need support, red in fall, blue berries. 

Coastal Dune Vegetation 
R~vegetation of construction sites requires special attention to 

selection of plant species. In the foredune area there are only a few plants 
that tolerate the stresses of the beach environment. They must be able 
to survive salt spray, sand blasting, burial by sand, saltwater flooding, 
drought, heat, and low nutrient supply. 

'Cape'American beachgrass 
American beachgrass is a cool-season perennial dune grass; for dune 

building and as a stabilizer in the foredune zone. Easy to propagate, it 
establishes and grows rapidly, and is readily available from commercial 
nurseries. 

It is an excellent sand trapper capable of growing upward with 
four feet of accumulating sand in one season. New plantings are usually 
effective at trapping wind-blown sand by the middle of the first growing 
season. Beachgrass is also a good plant for interior dune zones as well as 
other droughty, sandy sites inland. 

American beachgrass is extremely valuable for initial stabilization 
and dune building in disturbed areas. It is severely affected by heat and 
drought and tends to deteriorate and die behind frontal dunes as the sand 
supply declines. 

It is also susceptible to a fungal disease (Marasmius blight) and a 
soft scale insect (Eriococcus carolinae). Beachgrass plantings should, 
therefore, be reinforced with plantings of woody species such as beach 
plum or barberry. Interior dune areas are candidates for a wider variety of 
coastal woody shrubs. 

Saltmeadow cordgrass 
A warm-season perennial useful for transplanting on low areas subject 

to saltwater flooding. It is a heavy seed producer and is often the first plant 
on moist sand flats. It collects and accumulates blowing sand, creating an 
environment suitable for dune plants. 

Saltmeadow cordgrass is easy to transplant on moist sites but does 
not survive on dry dunes. Plants should be dug from young, open stands. 
Survival of transplants from older, thick stands is poor. Nursery production 
from seed is relatively easy, and the pot-grown seedlings transplant well. 
Propagation by seed is possible, but the percentage of viable seed varies. 
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Beach plum 
A shrub of the New England coastal areas, of special interest for its 

edible fruit. It grows well in sandy, dry, windswept sites, and produces 
a profusion of white flowers in early May. Beach Plum grows to about 
6 feet in height and makes an excellent massed seaside planting or a 
hedge to prevent erosion because it can tolerate salt spray. Nursery 
grown plants are recommended, as transplanting from the wild is not 
often successful. Produces flowers and fruit in 3 to 4 years; matures in 7 
to 8years. 

Beach Plum requires cross-pollination to insure fruit production so 
it is necessary to have more than one plant if plums are desired. Beach 
plum can be grown in areas other than coastal dunes. Grows in medium­
fertility, acid, loamy, and sandy soils; excellent drought tolerance; fair 
shade tolerance; tolerates moderately well-drained soil. 

Bayberry 
Bayberry is a semi-evergreen shrub that grows to a height of 6 

to 8 feet. Ideal for sunny, coastal sites. Grows in low-fertility, acid, 
clayey, loamy, and sandy soils; excellent drought tolerance, poor 
shade tolerance; tolerates moderately well-drained soil. Versatile for 
landscaping and revegetating, sand dunes and inland areas; berries 
provide food for birds. It can also help stabilize dry slopes prone to 
erosion. 

Produces fruit in 3 to 4 years; matures in 7 to 8 years. Fruit appears 
only where both male and female shrubs are planted in the same area. 
Roots fix nitrogen, which helps bayberry grow in low-fertility soil. 
Establish by planting bare-root or container-grown seedlings 2 years 
old. 

Bayberry does best in open sites. It can be rejuvenated by cutting 
it back hard, which stimulates underground lateral stem growth. 
Stems root at the nodes where new leaves form, and new plants can be 
established by pinning down a prostrate stem node tightly against the 
soil. 

Rugosa Rose 
Rugosa Rose produces large bushy masses of greenery topped by 

red and white blossoms from soil that is little more than loose sand. 
Spreading and sprawling, its six-foot branches covered with spines, the 
plant is a formidable barrier that deters trampling feet and anchors 
dunes. 

It is useful for roadside and dunes, replacing plants which could 
not tolerate the abuse of pedestrian traffic. 
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Intertidal Vegetation 
In saltwater areas, smooth cordgrass is transplanted in the intertidal 

zone from mean sea level to mean high water, and saltmeadow cordgrass 
from mean high water to the storm tide level. In brackish water areas (10 
parts per thousand or less of soluble salts), giant cordgrass may be used 
in the intertidal zone. Greenhouse-grown seedlings of these plants can 
be obtained from commercial sources, but usually only on special order. 
Transplants may be dug from young, open natural stands of smooth and 
saltmeadow cordgrass. 

Smooth cordgrass 
Smooth cordgrass is the dominant plant in the regularly flooded 

intertidal zone of saltwater estuaries along the Atlantic and Gulf Coast of 
North America. It is adapted to anaerobic, saline soils that may be clayey, 
sandy, or organic. It will tolerate salinities of 35 parts per thousand (ppt) 
but grows best from 10 to 20 ppt. 

Plant height varies from 1 to 7 ft depending on environmental 
conditions and nutrient supply. It produces a dense root and rhizome mat 
that helps prevent soil movement. Transplants can be obtained by digging 
from new, open stands of the grass or may be grown from seed in pots. 
Seed are collected in September and stored, covered with seawater, and 
refrigerated. The plants and seedlings grow rapidly when transplanted on 
favorable sites. 

Saltmeadow cordgrass 
A fine-leaved grass, 1 to 3 ft in height, that grows just above the mean 

high tide line in regularly flooded marshes, and throughout irregularly 
flooded marshes. It can be propagated in the same way as smooth 
cordgrass except that seed may be stored dry under refrigeration. A stand 
of saltmeadow cordgrass provides good protection from storm wave 
erosion. 

Giant cordgrass 
Grows in brackish, irregularly-flooded areas. Stems are thicker and 

taller than in the other cordgrasses, growing to a height of 9 to 10 feet. 
Seedlings are easy to produce in pots and these can be successfully 
transplanted, but survival of plants dug from existing stands is poor. 

Salt grass Distich/is spicata 
Salt grass is another appropriate plant for intertidal zones. 
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Native Shrubs 
Bayberry Myrica pensylvanica 
9' (Height) x 9' (Spread) . 
Sandy/clay soils. Full sun to half-shade. Excellent for massing, borders, 
foundation plantings. 

Mountain Laurel Kalmia latifolia 
11' X 11' 
Acid, moist, well-drained soil. Sun/shade. Evergreen, magnificent in 
flower, exquisite in mass. 

Common Buttonbush Cephalanthus occidentalis 
9' X 16' 
Moist soil. Sun. Loose in appearance; white, fragrant flowers; best for 
naturalizing in wet areas. 

Pinxterbloom Azalea Rhododendron nudiflorum 
9'x9' 
Dry, sandy, acid soil. Bright green foliage, yellow in fall, fragrant light­
pink flowers, deciduous. 

Roseshell Azalea Rhododendron noxeum 
9'x9' 
Moist/dry soil. Deciduous, much-branched, bright pink flowers with 
clove-like scent. 

American Elder Sambucus canadensis 
9'x6' 
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Moist/dry soil. White profuse flowers, edible fruit, good for naturalizing. 

Hardhack Spirea Spiraea tomentosa 
S'xS' 
Moist soil. Sun. Pink spike-like flowers, thicket of wand-like stems. 

Canada Yew Taxus canadensis 
S'x 7' 
Moist, sandy soil. Needs winter shade. Evergreen, hardy; suitable for 
underplanting in cool, shaded situations. 

Lowbush Blueberry Vaccinium augustifolium 
2'x2' 
Dry, acid soil. Sun/partial shade. White flowers, sweet berry, lustrous 
blue-green foliage. 
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Highbush Blueberry Vaccinium corymbosum 
9' X 10' 
Dry, acid soiL Sun/partial shade. Excellent fall color, rounded, compact, 
edible fruit, white flower. 

American Cranberrybush Viburnum Viburnum milobum 
9'X9' 
Well-drained, moist soil. Sun/partial shade. Informal hedges; excellent 
flower, fruit, foliage. 

Summersweet Clethra Clethra alnifolia 
6'x5' 
Moist, acid soil. Sun/shade. White fragrant flowers, handsome foliage, pest­
free. 

Grey Dogwood Comus racerosa 
12' X 12' 
Moist, well-drained soil. Sun/shade. (See also Wetland Shrubs.) 

Beaked Filbert Corylus cornuta 
6'x6' 
Well-drained, loamy soiL Sun/light shade. Interesting beaked fruits, refined, 
edible fruit. 

Common Winterberry /lex verticillata 
8'x8' 
Moist, acid soil. Sun/partial shade. Shrub borders, massing waterside 
planting, male and female required for fruit, red fruit framed by snow. (See 
also Wetland Shrubs.) 

Common Juniper Juniperus communis 
7' X 10" 
Dry soil. Sun. Useful for undergrowth and naturalized plantings, extremely 
hardy, evergreen. 

Common Spicebush Lindera benzdin 
9'x9' 
Moist, well-drained soil. Sun/half shade. Splendid plant in flower and fall 
color, ornamental fruit. (See also Wetland Shrubs.) 

Bush Cinquefoil Potentilla pruticosa 
3'x3' 
Moist, well-drained soil. Sun/partial shade. Low hedge, perennial border, 
yellow flowers, graceful appearance. 
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Blackhaw Viburnum Viburnum prunifolium 
13'x 10' 
Tolerant as to soil. Sun/shade. Massing, shrub border, stiffly branched, 
red in fall, white flowers. 

Rugosa Rose (naturalized) Rosa rugosa 
5'x5' 
Well-drained soil. Sun. Beautiful in foliage, flower, fruit, hedging, low 
maintenance, hardy, fragrant flowers. 

Native Trees 
Red maple Acer rubrum 
50' (Height) x 50' (Spread) 
Acid, moist soil. One of first trees to color in fall, dazzling fall color. 

Sugar maple Acer saccharum 
70' x50' 
Well-drained, slightly acid soil. Beautiful fall color, pleasing growth 
habit. 

Shadblow Amelanchier canadensis 
20' X 20' 
Average/moist soil. White flowers, edible sweet fruit, yellow in fall. 

Sweet birch Betula lenta 
50'x40' 
Rich, moist, well-drained soil. Reddish-brown bark, best of birches for 
fall color. 

Paper birch Betula papyrifera 
60'x30' 
Well-drained, acid soil. Full sun. Handsome for bark and fall color, 
splendid in winter with evergreens. 

Common choke cherry Prunus virginiana 
25' x22' 
Well-drained soil. Sun to partial shade. Rounded crown, red/purple 
edible fruit, white fragrant flowers. 

White oak Quercus alba 
75' X 75' 
Moist, well-drained acid soil. Sun. Majestic tree for large areas. 

Northern red oak Quercus borealis 
75'x 60' 
Acid, well-drained soil. Shade tolerant. High wildlife value, ascending 
branches, globular. 
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Rosebay rhododendron Rhododendron maximum 
20'x 10' 
Moist, acid soil. Shade. Loose, open habit; large, evergreen leaves; rose 
flowers. 

Pussy willow Salix discolor 
25' x6' 
Moist soil. Sun. Multiple trunks, leggy, high wildlife value. 

Canada hemlock Tsula canadensis 
50' X 30' 
Moist, well-drained, acid soil. Sun/shade. Evergreen hedges, graceful, does 
not tolerate wind or drought. 

Nannyberry viburnum Viburnum lentago 
20' X 15' 
Moist/dry soil. Sun/shade. Durable naturalizing or shrub borders, white 
flowers, handsome fruit, good winter food for birds. (See also Wetland 
Trees.) 

Shagbark hickory Carya ovata 
70'x35' 
Adaptable to wide range of soils. Edible nuts, "shaggy" bark, picturesque. 
Use chips for barbecues. 

Pagoda dogwood Comus alternifolia 
20'x 30' 
Moist, acid, well-drained soil. Partially shaded. Horizontal, low-branched, 
excellent textural effects. 

Flowering dogwood Comus florida 
40' X 40' 
Acid, well-drained soil. Four-season character; flower, foliage, fruit, winter 
habit. 

Witchhazel Hamamelis virginiana 
25' X 20' 
Moist soil. Sun/shade. Shrub border, fragrant flowers, yellow in fall. (See 
also Wetland Trees.) 

Eastern red cedar Juniperus virginiana 
45' X 14' 
Moist soil. Sun. Windbreaks, hedges, reddish-brown bark, evergreen. 

Eastern larch Larix laricina 
60' x25' 
Moist, well-drained acid soil. Sun. Excellent in groves, horizontal, drooping 
branches, deciduous. 
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Eastern white pine Pinus strobus 
70'x30' 
Tolerant as to soil. Sun/some shade. Handsome, beautiful hedge, graceful, 
plume-like branches. 

Quaking aspen Populus tremuloides 
40'x25' 
Tolerant as to soil. Narrow leaves flutter in breeze, yellow in fall. 

Black cherry Prunus serotina 
50'x25' 
Moist/dry soil. Sun. Oval-headed; lustrous, dark-green leaves, edible fruit. 

Native Wetland Herbs and Grasses 
Sweet flag Acorus calamus 
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Sweet" Flag is a perennial herb usually 1 to 4 feet tall. It flowers from May 
to August and has a very pleasant aroma. It grows in shallow waters, 
nontidal marshes, wet meadows, and fresh tidal marshes. 

Swamp Aster Aster puniceus 
Swamp Aster is a popular wetland perennial herb. It differs from New 
England Aster in that it often has hairy, purplish stems. It blooms from 
July to October sporting a bluish, daisy-like flower. The Swamp Aster, 
also known as the Red Stalk or Purple Stemmed Aster, prefers very 
moist, swampy areas. 

Nodding Bur Marigold Bidens cernua 
Bur Marigold is an annual herb that reaches up to 3-1/2 feet tall. Its 
large, yellow, daisy-like flowers, which contain six to eight "petals," 
will nod as their maturity increases from July into October. It grows in 
freshwater marshes and along stream banks. 

Beggar Ticks Bidens frondosa 
Beggar-Ticks, also known to many as the Stick-Tight, is an annual 
herb reaching up to 4 feet. It produces small yellow to orange flowers 
from June to October. It is found in many wet areas including ditches, 
pastures, and wet meadows and fields. 

Fringed Sedge Carex crinita 
Fringed Sedge is a perennial grass like plant growing up to 4-1/2 feet 
high. It flowers from May through June and grows in fresh water 
marshes, wet meadows, forested wetlands, pond borders, and ditches. 

Lurid Sedge Carex lurida 
This sedge will reach up to 3-1/2 feet tall. It flowers from June into 
October and grows in freshwater marshes, wet meadows, forested 
wetlands, ditches, and pond borders. 
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Fox Sedge Carex vulpinoidea 
Fox Sedge is very hardy, an ideal pioneer plant when establishing new 
wetlands. It is a perennial grass like plant reaching up to 3-l/2 feet tall. It 
flowers from June through August. It grows in fresh water marshes, wet 
meadows, and other wet places. 

Grass-Leaved Goldenrod Solidago graminifolia 
Grass Leaved Goldenrod is a perennial herb growing up to 4 feet tall. Small 
yellow flowers appear on the top of the stem from July through October. 
It grows in nontidal marshes and meadows, various open, moist or dry 
inland habitats and brackish tidal marshes. 

Hop Sedge Carex lupulina 
These sedges are perennial grasslike plants very common to wetlands. 
They add beauty as well as seed for ducks and other wildlife. They reach 
heights between 1- ~to 3 feet tall and bloom from May to October. They 
grow well in open woodlands, seasonally flooded areas, standing water, 
and saturated soils. 

Riverbank Wild Rye Elymus riparius 
This rye grows along nontidal shores, wet woods, meadows, prairies and 
also fresh tidal marshes. With the exception of having a somewhat nodding 
spike, this perennial grass has very similar characteristics to Virginia Wild 
Rye. 

Virginia Wild Rye Elumus virginicus 
Virginia Wild Rye is an excellent pioneer species to use when establishing a 
new wetland. A cool season perennial, it is good for wildlife cover and food 
and grows up to 5 feet tall. It is also good for forage. It is found in flood 
plains, thickets, along road sides, and many other wet areas. It is shade and 
drought tolerant and can handle wet areas better than Riverbank Wild Rye. 

Canada Wild Rye Elymus canadensis 
Canada Wild Rye is a cool season perennial bunch grass. It is good for 
wildlife food and cover, growing up to 6 feet tall. It is also good for forage. It 
grows in dry or moist soils and is drought tolerant. 
Joe-Pye Weed (Spotted Flat-Topped) Eupatoriadelphus maculatus or 
Eupatorium maculatum 
A very common wetland plant in the northeastern United States. It grows 
in forested wetlands, saturated fields or meadows, and in shrub swamps. 
It can be identified by its purple or purplespotted stems and a flat-topped 
inflorescence with small pinkish or purplish flowers that bloom from July 
through September. 

Boneset Eupatorium perfoliatum 
Boneset is a perennial herb reaching up to 5 feet high. It flowers in late July 
through October. Nontidal and fresh tidal marshes, wet meadows, shrub 
swamps, low woods, shores and other moist areas. 
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Arrow Arum Peltandra virginica 
Arrow Arum is a fleshy perennial herb that grows up to 2 feet tall. 
Inconspicuous flowers on a spike enclosed within a pointed leaf-like 
structure will appear from May through July. Arrow Arum grows in 
shallow waters of ponds, lakes, swamps, and marshes. 

Pennsylvania Smartweed Polygonum pennsylvanicum 
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Smartweed is an annual herb reaching a height of 6-1/2 feet tall. It grows 
well in fresh water marshes and wet fields and meadows. Its pink or 
purple flowers are very small and are arranged in dense clusters. 

Blue Flag Iris versicolor 
A member of the Iris family, Blue Flag is an eye-catching wetland 
perennial herb that grows in many wet areas including nontidal and 
tidal marshes, wet meadows, and shores. A blue flower can be seen on 
the Blue Flag from May through July. 

Rattle Snake Grass Glyceria canadensis 
This per('!nnial grass grows to a height up to 3-1/2 feet tall. It blooms 
from June through August in forested wetlands, wet meadows, and 
bogs. 

Fowl Manna Grass Glyceria striata 
A perennial grass that will reach 4 feet in height. It prefers freshwater 
marshes, open forested wetlands, and other saturated soils. It blooms 
from June on into September. 

Soft Rush Juncus effusus 
Soft Rush is a perennial grass-like plant that grows up to 3-1/2 feet tall. 
It flowers from July into September. It grows in nontidal marshes, wet 
meadows, shrub swamps, wet pastures, and fresh tidal marshes. 

Sensitive Fern Onoclea sensibilis 
Sensitive Fern grows up to 3-1/2 feet tall. It flowers from June into 
October. It grows in nontidal marshes, meadows, forested wetlands, and 
fresh tidal marshes, and moist woodlands. 

Rice Cntgrass Leersia oryzoides 
Rice Cutgrass is a medium height to tall perennial grass growing up 
to 5 feet high. It flowers from June into October. It grows in nontidal 
marshes, wet meadows, ditches, muddy shores, and fresh tidal 
marshes. 

Wool Grass Scirpus cyperinus 
Wool Grass is a medium height to tall perennial grass like plant that 
grows up to 6-1/2 feet high. It flowers from August through September. 
It grows in nontidal marshes, wet meadows, swamps, and fresh tidal 
marshes. · 

Erosion and Sediment Control Guidelines 



234 Plants, Vegetation, and Soil Cover 

Soft-Stemmed Bulrush Scirpus validus 
This perennial herb grows to a height of up to 10 feet. It flowers from 
June into September. It grows in inland shallow waters, shores, nontidal 
marshes, and brackish and fresh tidal marshes. 

Canada Goldenrod Solidago canadensis 
Canada Goldenrod is a medium to tall perennial herb, sporting small yellow 
flowers in August through October. It grows well along stream banks, and 
in upland wet areas. 

Eastern Bur-Weed Sparganium americanum 
Eastern Bur-Weed is a perennial growing up to 3-1/2 feet tall. It flowers 
from May through August. It grows in muddy shores, shallow waters and 
nontidal marshes. 

Prairie Cord grass Spartina pectinata 
Prairie Cordgrass is a native perennial that grows from 2 to 7 feet tall. It 
flowers from July through September and grows in wet spots. 

Narrow-Leaved Cattail Typha angustifolia 
Narrow-Leaved Cattail provides food and shelter for wildlife and is used to 
control erosion. It has narrow leaves (1/2" wide) and reaches up to 6 feet 
tall. 

Cattail Typha latifolia 
The Cattail is a perennial herb growing to 10 feet high. It flowers from May 
through July. It grows in nontidal marshes, ponds, ditches, and fresh tidal 
marshes. 

Blue Vervain Verbena hastata 
Blue Vervain is a perennial herb that grows up to 5 feet tall. The flowers are 
bluish to violet and are borne on several dense spikes. Its blooms begin in 
June and continue through October. It does well in nontidal marshes, wet 
meadows, open shrub swamps, and moist fields. 

Turtlehead Chelone glabra 
Turtlehead is a perennial herb growing up to 3 feet tall. The flowers, which 
bloom from July to September, resemble turtle heads as the petals are two­
lipped and tubular. It can be found growing along stream banks, forested 
wetlands, swamps and fresh water marshes. 

Erosion and Sediment Control Guidelines 



Plants, Vegetation, and Soil Cover 

Native Wetland Shrubs and Trees 
Red Osier Dogwood Comus stolonifera 
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Has red stems, green leaves, and white fruit. Its ability to spread by 
layering and its tolerance of wet soils makes it an excellent choice for 
stream bank erosion control. It is also a useful upland plant, providing 
food and cover for wildlife and color for shrub borders and landscaping. 
Grows in medium-fertility, slightly acid, clayey, loamy, and sandy soils. It 
has moderate shade tolerance and poor drought tolerance. 
When planting along stream banks, plant at the waters edge, using 
rooted cuttings or fresh hardwood unrooted cuttings that are at least 
9 to 12 inches long and leaving 2 inches of the stem above ground. 
Spreads by layering where stems contact the ground. It is moderately 
fast growing, reaching a height of 6 to 10 feet. 

Button bush Cephalanthus occidentalis 
Button Bush is a broad leaved, deciduous, tall shrub or small tree 
growing to 33 feet high. Its flowers are white and appear from May 
though June. It grows in nontidal and fresh tidal marshes and shrub 
swamps, forested wetlands, and borders of streams, lakes and ponds. 

Grey Dogwood Comus racemosa 
Grey Dogwood is a shrub similar to Silky Dogwood, but possesses grey 
twigs and white berries. It grows in medium fertility, acid, clayey, loamy 
and sandy soils. Unlike Silky Dogwood it requires well-drained soil. It 
is best adapted along stream banks, in forested wetlands and shrub 
wetlands. It can be established by seed or unrooted cuttings. 

Silky dogwood Comus amomum 
Silky Dogwood is a broad leaved deciduous shrub that grows to a height 
of 9 to 12 feet. White flowers and blue or white berries remain until late 
summer or early fall. It is used for stabilizing lower slopes of stream 
banks. It also provides food and cover for game birds, song birds, 
rabbits, raccoon, and other wildlife. 
To establish on stream banks plant Silky Dogwood seedlings, rooted 
cuttings or unrooted cuttings 2 feet apart or broadcast seed. Silky 
Dogwood provides effective stream bank protection in 3 to 5 years 
and also produces fruit at this age. Silky Dogwood grows in forested 
wetlands, shrub wetlands, stream banks, and moist woods. It grows in 
medium fertility, acid, clayey, loamy, and sandy soils. It has fair drought 
tolerance, fair shade tolerance and tolerates poorly drained soil. 

Witch Hazel Hamamelis virginiana 
Witch Hazel is a broad-leaved deciduous shrub or low tree up to 30 feet 
tall. It flowers from September into November. It grows in seasonally 
flooded swamps and forested wetlands, and tidal swamps. 
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Common Winterberry flex verticillata 
Winterberry is a broad leaved, deciduous shrub growing up to 16 feet tall. 
It flowers from May through July. It grows in seasonally flooded shrub 
swamps and forested wetlands. Showy red berries remain on the plant 
until spring. 

Spicebush Lindera benzoin 
Spicebush is a broad leaved, deciduous shrub growing up to 16 feet tall. 
It flowers from March through July. It grows in nontidal marshes, ponds, 
ditches and fresh tidal woodlands. 

Swamp Rose Rosa palustris 
Swamp Rose is a broad-leaved, deciduous thorny shrub growing up to 
7 feet tall. It blooms pink five-petalled flowers from May through July. It 
grows in upland fields, thickets, and woods, and forested wetlands. 

Black Willow Salix nigra 
A broad-leaved deciduous shrub or tree that can reach a height of 70 
feet tall or more. It grows well in nontidal forested wetlands, fresh tidal 
marshes, tidal swamps, and wet meadows. Identifying characteristics of 
the Black Willow is its brownish or blackish deeply grooved bark and its 
narrow leaves. 

Common Elderberry Sambucus canadensis 
Elderberry is a broad leaved deciduous shrub growing up to 12 feet tall. It 
flowers from June through July. It grows in nontidal and fresh tidal marshes 
and swamps, meadows, old fields, moist woods, and along road sides. 

Arrowwood Viburnum Viburnum dentatum 
Arrowwood is a broad leaved deciduous shrub growing up to 15 feet tall. It 
flowers from May through July. It grows in non tidal and fresh tidal marshes, 
shrub swamps, and forested wetlands. It also does well in moist woods, 

. and various drier sites. 

Nannyberry or Wild Raisin Viburnum lentago 
Nannyberry is a broad leaved deciduous shrub or small tree growing up to 
27 feet tall. It has long, pointed leaves with winged stalks. It flowers from 
April into May and produces berries in the fall that are eaten by wildlife. It 
grows in forested wetlands, open upland woods and thickets, fence rows 
and road sides. 

Northern or Smooth Arrowwood Viburnum recognitum 
Arrowwood is a broad leaved deciduous shrub growing up to 15 feet tall. 
It flowers from May through July. It grows in nontidal and fresh marshes, 
shrub swamps, forested wetlands, moist woods and various drier sites. 
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American Cranberrybush Viburnum trilobum 
This shrub provides winter food for grouse, songbirds, and squirrels 
and is useful for hedges and borders. It grows in medium-fertility, acid, 
clayey, loamy and sandy soils. It has poor drought tolerance, fair shade 
tolerance and tolerates poorly drained soil. 

Establishing Vegetation 

Site Preparation 
The soil on a disturbed site must be modified to provide an 

optimum environment for germination and growth. Addition of topsoil, 
soil amendments, and tillage are used to prepare a good seedbed. At 
planting the soil must be loose enough for water infiltration and root 
penetration, but firm enough to retain moisture for seedling growth. 
Tillage generally involves disking, harrowing, raking, or similar method. 
Lime and fertilizer should be incorporated during tillage. 

Topsoiling 
The surface layer of an undisturbed soil is often enriched in 

organic matter and has physical, chemical, and biological properties 
that make it a desirable planting and growth medium. Topsoil should 
be stripped off prior to construction and stockpiled for use in final 
revegetation of the site. · 
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Topsoiling may not be required for the establishment of less 
demanding, lower maintenance plants, but it is essential on sites having 
critically shallow soils or soils with other severe limitations. It is also 
essential for establishing fine turf and ornamentals. 

Soil Amendments 
Liming 

Liming is almost always required on disturbed sites to decrease the 
acidity (raise pH), reduce exchangeable aluminum, and supply calcium 
and magnesium. Even on the best soils, some fertilizer is required. 
Suitable rates and types of soil amendments should be determined 
through soil tests. Limestone and fertilizer should be applied uniformly 
during seedbed preparation and mixed well with the top 4 to 6 inches of 
soil. 

Organic amendments 
Organic amendments, in addition to lime and fertilizer, may 

improve soil tilth, structure, and water-holding capacity-all of 
which are highly beneficial to seedlings establishment and growth. 
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Some amendments also provide nutrients. Examples of useful organic 
amendments include well-rotted animal manure and bedding, crop residue, 
peat, and compost. 

Organic amendments are particularly useful where topsoil is absent, 
where soils are excessively drained, and where soils are high in clay. The 
application of several inches of topsoil usually eliminates the need for 
organic amendments. 

Surface Roughening 
A rough surface is especially important to seeding sloped areas. Contour 
depressions and loose surface soil help retain lime, fertilizer, and seed. A 
rough surface also reduces runoff velocity and increases infiltration. 

Permanent Cover 
A permanent type of vegetation should be established as soon as possible: 
to reduce damages from sediment and runoff to downstream areas; and to 
avoid severe erosion on the site itself. 
Vegetation may be in the form of grass-type growth by seeding or sodding, 
or it may be trees or shrubs, or a combination of these. Establishing this 
cover may require the use of supplemental materials, such as mulch or jute 
netting. 

Planting Methods 
Seeding is the fastest and most economical method that can be used 

with most species. However, some grasses do not produce seed and must 
be established by planting runners or stems (sprigging) or plugs cut 
from sod (plugging). Seedbed preparation, liming, and fertilization are 
essentially the same regardless of the method chosen. 

Seeding 
Unifo~m seed distribution is essential. This is best obtained using 

a cyclone seeder (hand-held), drop spreader, conventional grain drill, 
cultipacker seeder, or hydraulic seeder. The grain drill and cultipacker 
seeders (also called grass seeder packer or Brillion drill) are pulled by a 
tractor and require a clean, even seedbed. 
On steep slopes, hydroseeding may be the only effective seeding method. 
Surface roughening is particularly important when preparing slopes for 
hydroseeding. In contrast to other seeding methods, a rugged and even 
trashy seedbed gives the best results. 
Hand-broadcasting should be considered only as a last resort, because 
uniform distribution is difficult to achieve. When hand-broadcasting of 
seed is necessary, minimize uneven distribution by applying half the seed 
in one direction and the other half at right angles to the first. Small seed 
should be mixed with sand for better distribution. 
A "sod seeder" (no-till planter) is used to restore or repair weak cover. It 
can be used on moderately stony soils and uneven surfaces. It is designed 
to penetrate the sod, open narrow slits, and deposit seed with a minimum 
of surface disturbance. Fertilizer is applied in the same operation. 
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Inoculation of legumes 
Legumes have bacteria, rhizobia, which invade the root hairs and 
form gall-like "nodules." The host plant supplies carbohydrates to the 
bacteria, which supply the plant with nitrogen compounds fixed from 
the atmosphere. A healthy stand of legumes, therefore, does not require 
nitrogen fer~ilizer. Rhizobium species are host specific; a given species 
will inoculate some legumes but not others. Successful establishment 
of legumes, therefore, requires the presence of specific strains of 
nodule-forming, nitrogen-fixing bacteria on their .roots. In areas where a 
legume has been growing, sufficient bacteria may be present in the soil 
to inoculate seeded plants, but in other areas the natural Rhizobium 
population may be too low. 
In acid subsoil material, if the specific Rhizobium is not already present, 
it must be supplied by mixing it with the seed at planting. Cultures for 
this purpose are available through seed dealers. 

Sprigging and Plugging 
Sprigging refers to planting stem fragments consisting of runners 

(stolons) or lateral, belowground stems (rhizomes), which are sold by 
the bushel. This method can be used with most warm-season grasses 
and with some ground covers, such as periwinkle. Certain dune and 
marsh grasses are transplanted using vertical shoots with attached 
roots or rhizomes. Lawn-type plants are usually sprigged much more 
thickly. 

Broadcasting is easier but requires more planting material. 
Broadcast sprigs must be pressed into the top ~ to 1 inch of soil by 
hand or with a smooth disk set straight, special planter, cultipacker, or 
roller. 

Plugging differs from sprigging only in the use of plugs cut from 
established sod, in place of sprigs. It is usually used to introduce a 
superior grass into an old lawn. It requires more planting stock, but 
usually produces a complete cover more quickly than sprigging. 

Sodding 
In sodding, the soil surface is completely covered by laying cut 

sections of turf. A commercial source of high-quality turf is required and 
water must be available. Plantings must be wet down immediately after 
planting, and kept well watered for a week or two thereafter. 

Sodding, though quite expensive, is warranted where immediate 
establishment is required, as in stabilizing drainage ways and steep 
slopes, or in the establishment of high-quality turf. If properly done, 
it is the most dependable method and the most flexible in seasonal 
requirements. Sodding is feasible almost any time the soil is not frozen. 

Irrigation 
Irrigation, though not generally required, can extend seeding dates 
into the summer and insure seedling establishment. Damage can be 
caused by both under and over-irrigating. If the amount of water applied 
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penetrates only the first few inches of soil, plants may develop shallow 
root systems that are prone to desiccation. If supplementary water is 
used to get seedlings up, it must be continued until plants become firmly 
established. 

Mulching 
Mulch is essential to the revegetation of most disturbed sites, especially on 
difficult sites such as southern exposures, channels, and excessively dry 
soils. The steeper the slope and the poorer the soil, the more valuable it 
becomes. In addition, mulch fosters seed germination and seedling growth 
by reducing evaporation, preventing soil crusting, and insulating the soil 
against rapid temperature changes. 
Mulch may also protect surfaces that cannot be seeded. Mulch prevents 
erosion in the same manner as vegetation, by protecting the surface from 
raindrop impact and by reducing the velocity of overland flow. There are a 
number of organic and a few chemical mulches that may be useful, as well 
as nets and tacking materials. 

Maintenance 
Satisfactory stabilization and erosion control requires a complete 

vegetative cover. Even small breaches in vegetative cover can expand 
rapidly and, if left unattended, can allow serious soil loss from an 
otherwise stable surface. A single heavy rain is often sufficient to greatly 
enlarge bare spots, and the longer repairs are delayed, the more costly 
they become. Prompt action will keep sediment loss and repair cost down. 

New seedlings should be inspected frequently and maintenance 
performed as needed. If rills and gullies develop, they must be filled in, re­
seeded, and mulched as soon as possible. Diversions may be needed until 
new plants take hold. 

Maintenance requirements extend beyond the seeding phase. Damage 
to vegetation from disease, insects, traffic, etc., can occur at any time. 
Herbicides and regular mowing may be needed to control weeds; dusts and 
sprays may be needed to control insects. Herbicides should be used with 
care where desirable plants may be killed. Weak or damaged spots must 
be relimed, fertilized, mulched, and reseeded as promptly as possible. 
Refertilization may be needed to maintain productive stands. 

Vegetation established on disturbed soils often requires additional 
fertilization. Frequency and amount of fertilization can best be determined 
through periodic soil testing. A fertilization program is required for the 
maintenance of fine turf and sod that is mowed frequently. Maintenance 
requirements should always be considered when selecting plant species 
for revegetation. 
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Native Grasses and legumes for Eastern Massachusetts 
Essex, Middlesex, Suffolk, Noifolk, Plymouth, Bristol, Barnstable, Dukes and 
Nantucket Counties 

Dry Sites 
Ticklegrass 
Upland Bentgrass 
Beachgrass 
Big Bluestem 
Broomsedge 
Common Hairgrass 
Deertongue grass 
Canada Wild Rye 
Tumble Lovegrass 
Red Fescue 
Nimblewill 
Switchgrass 
Little Bluestem 
Dropseed 
Poverty Dropseed 
lndiangrass 
Purple Sandgrass 
Wild Indigo 
Showy Tick-Trefoil 
Beach Pea 
Round Head Bush Clover 

Moist Sites 

Agrostis hyemalis (no Essex) (no seed source)( cool season) 
Agrostis prennans (no seed source)( cool season) 
Ammophila brevigulata (cool season) 
Andropogon gerardii (warm season) 
Andropogon virginicus (warm season) 
Deschampsia flexuosa (no seed source) (warm) 
Dichanthehum clandestinum (warm season) 
Elymus canadensis (no Cape and Islands) (cool season) 
Eragrostis spectabilis (warm season) 
Festuca rubra (cool season) 
Muhlenbergia schreberi (no seed source) 
Panicum virgatum (warm season) 
Schizachyrium scoparium (warm season) 
Sporabolus cryptandrus (no Cape and Islands) (warm season) 
Sporobolus vaginiflorus (Annual) (warm season) 
Sorghastrum nutans (warm season) 
Triplasis purpurea (Annual) (cool season) 
Baptisia tinctoria 
Desmodium canadense 
Lathyrus japonicus var. glaber 
Lespideza capitata 

Creeping/Marsh Bentgrass 
Fringed Bromegrass 
Deertongue Grass 

Agrostis stolonifera var. palustris 
Bromus ciliatus 
Dichanthelium clandestinum 
Elymus canadensis 

(cool season) 
(cool season) 
(warm season) 
(cool season) 
(cool season) 
(warm season) 
(warm season) 
(cool season) 
(tidal) 
(brackish) 
(warm season) 

Canada Wild Rye 
Virginia Wild Rye 
Purple Lovegrass 
Switchgrass 
Fowl Meadow Grass 
Salt Meadow Cordgrass 
Giant Cordgrass 
Eastern Gammagrass 
Ground Nut 
Showy Tick-Trefoil 

Wet Sites 
Creeping Bentgrass 
Fringed Bromegrass 
Blue Joint Reed Grass 
Stout Wood Reed 
Canada Manna Grass 
Fowl Meadow Grass 
Rice Cut Grass 
Marsh Mully 
Smooth Cordgrass 
Freshwater Cordgrass 

Elymus virginicus 
Eragrostis pectinacea 
Panicum virgatum 
Poa palustris 
Spartina patens 
Spartina cynocuroides 
Tripsacum dactyloides 
Apios americana 
Desmodium canadense 

Agrostis stolonifera var. palustris 
Bromus ciliatus 
Calamagrostis canadensis 
Cinna arundinacea 
Glyceria canadensis 
Glyceria striata 
Leersia oryzoides 
Muhlenbergia glomerata 
Spartina altiniflora 

Spartina pectinata 

(cool season) 
(cool season) 
(cool season) 
(cool season) 
(cool season) 
(cool season) 

. (cool season) 
(no Islands) 
(tidal) 
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Native Grasses and Legumes for Central and Western 
Massachusetts 
Worcester, Franklin, Hampshire, Hampden and Berkshire Counties 

Dry Sites 
Big Bluestem Andropogon gerardii (warm season) 
Broomsedge Andropogon virginicus (warm season)(no Berkshire or Franklin) 
Common Hair Grass Deschampsia flexuosa (warm season)(no seed source) 
Deertongue Grass Dicanthelium clandestinum(warm season) 
Nodding Wild Rye Elymus canadensis (cool season) 
Tumble Lovegrass Erogrostis spectabolis (warm season) 
Red Fescue Festuca rubra (cool season) 
Nimblewill Muhlenbergia schreberi (no seed source) 
Switchgrass Panicum virgatum (warm season) 
Little Bluestem Schizachyrium scoparium(warm season) 
Yellow Indiangrass Sorghastrum nutans (warm season) 
Sand Dropseed Sporobolus cryptandrus (no seed source) 
Poverty Dropseed Sprobolus vaginiflorus (Annual) 
Wild Indigo Baptisia tinctoria 
Showy Tick Trefoil Desmodium canadense 
Narrow-leafed Tick Trefoil Desmodium paniculatum 
Round Head Bush Clover Lespideza capitata 

Moist Sites 
Creeping/Marsh Bentgrass 
Fringed Bromegrass 
Wood Reed grass 
Riverbank Wild Rye 
Virginia Wild Rye 
GreenMuhly 
Switchgrass 
Ground Nut 
Showy Tick Trefoil 

Wet Sites 

Agrostis stolonifera var. palustris 
Bromus Ciliatus 
Cinna arundinacea 
Elymus riparius 
Elymus virginicus 
Muhlenbergia glomerata 
Panicum virgatum 
Apios americana 
Desmodium canadense 

Creeping/Marsh Bent Grass Agrostis stolonifera var. palustris 
Blue Joint Reed Grass Calamagrostis.canadensis 
Wood Reed Grass Cinna arundinacea 
Canada Mannagrass Glyceria canadensis 
Fowl Meadow Grass Glyceria striata 
Rice Cut Grass Leersia oryzoides 
Fowl Meadow Grass Poa palustris 
Fresh Water Cordgrass Spartina pectinata 

Courtesy of Natural Resources Conservation Service, Amher.st, MA. 
Source: Massachusetts Natural Heritage and Endangered Species Program 

(cool season) 
(cool season) 
(cool season) 
(cool season) 
(cool season) 

(warm season) 

(cool season) 
(cool season) 
(cool season) 
(cool season) 
(cool season) 
(cool season) 
(cool season) 
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Tree and Shrub Plantings 
Trees For Dry Soils 
Scientific Name Common Name 

Acer Negundo 
Betula populifolia 
Pinus resinosa .. 
Pinus strobus • 
Pinus sylvestris* 
Populus tremuloides 

Box Elder 
Gray Birch 
Red Pine 
Eastern White Pine 
Scotch Pine 
Quaking Aspen 

Shrubs For Dry Soils 
Scientific Name Common Name 

Acer ginnala 
Ceanothus americanus 
Comptonia peregrina 
Corylus americana 
Gaylussacia baccata 
Juniperus communis* 
Juniperus virginian a* 
Myrica pennsylvanica 
Rhus aromatica 
Rhus copallina 
Rhus glabra 
Rhus typhina 
Rosa rugosa 
Rosa virginiana 
Viburnum lentago 

AmurMaple 
New Jersey Tea 
Sweet Fern 
American Hazelnut 
Black Huckleberry 
Common Juniper 
Red-cedar 
Bayberry 
Fragrant Sumac 
Shining Sumac 
Smooth Sumac 
Stagborn Sumac 
Rugosa Rose 
Virginia Rose 

Nannyberry 

Trees For Moderately Moist Soils 
Scientific Name Common Name 

Fraxinus pennsylvanica 
Picea abies* 
Picea pungens* 
Pinus strobus* 
Populus nigra 'ltalica' 
Pseudotsuga menziesii* 
Salix nigra 
Sorbus americana 
Thuja occidentalis* 
Tilia americana 

Tsuga canadensis* 

*evergreen 

Green Ash 
Norway Spruce 
Colorado Spruce 
Eastern White Pine 
Lombardy Poplar 
Douglas-fir 
Black Willow 
American Mountain Ash 
American Arbor-vitae 
Basswood 

Canada Hemlock 
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Mature Height 

60' 
30' 
80' 
90' 
60' 
50' 

Mature Height 

20' 
2' 
3' 
6' 
3' 
3-30' 

10-90' 
5' 
3' 

30' 
9-15' 

30' 
6' 
3' 

15' 

Mature Height 

50' 
150' 
100' 
100-150' 
90' 

100-300' 
40' 
25' 
60' 
60-80' 
90' 
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Shrubs For Moderately Moist Soils 
Scientific Name Common Name 

Comus amomum 
Comus racemosa 
Corylus americana 
Corylus cornuta 
Forsythia Z intermedia 
Hamemelis virginiana 
Ilexglabra 
Myrica pennsylvanica 
Rhododendron maximum 
*evergreen 

Silky Dogwood 
Gray-stemmed Dogwood 
American Hazelnut 
Beaked Hazelnut 
Border Forsythia 
Common Witchhazel 
lnkberry 
Bayberry 

Rhododendron 

Trees For Very Moist Soils 
Scientific Name Common Name 

Acer negunda 
Acerrubrum 
Acer saccharinum 
Fraxinus pennsylvanica 
Fraxinus nigra 
Larix laricina 
Platanus occidentalis 
Populus deltoides 
Salix nigra 
Salix bebbiana 
Thuja occidentalis 

Box Elder 
Red Maple 
Silver Maple 
Green Ash 
Black Ash 
American Larch 
Sycamore 
Eastern Cottonwood 
Black Willow 
Bebb Willow 
White Cedar 

Shrubs For Very Moist Soils 
Scientific Name Common Name 

Alnus rugosa Speckled Alder 
Alnus serulata Smooth Alder 
Aronia arbutifolia Red Chokeberry 
Clethra alnifolia Sweetpepper Bush 
Comus amomum Silky Dogwood 
Comus stolonifera Red Osier Dogwood 
/lex verticillata Winter berry 
Lonicera canadensis Canada Honeysuckle 
Lyonia ligustrium Male berry 
Rhododendrum canadensis Rhodora*** 

Mature Height 

6-10' 
6' 
6' 
12' 
9' 
15' 
5' 
5' 
20' 

Mature Height 

60' 
60' 
70' 
40' 
45' 
60' 
100' 
70' 
40' 
25' 
60' 

Mature Height 

20' 
20' 
20' 
10' 
8' 
8' 
10' 
15' 
8' 
12' 

Rubus odoratus Purple Flowering Raspberry 8' 
Salix discolor Pussy Willow 10' 
Salix Iucida Shining Willow 8' 
Sambucus canadensis Elderberry 10' 
Vacciniu111 corymbosum Highbush Blueberry 10' 
Viburnum cassinoides Wild Raisin 12' 
Viburnum acerifolium Mapleleal Viburnum 6' 
Viburnum dentatium/recognitum Arrowwood 8' 
Viburnum trilobum Highbush Cranberry 15' 
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Spacing Distance 
For water erosion control: 
Small to medium shrubs 
Medium to large shrubs 
Trees 

For wind erosion control: 
Small to medium shrubs 
Medium to large shrubs 
Trees 

1' X 1' to 2' X 2' 
2' X 2' to 4' X 4' 
4' X 4' to 8' X 8' 

2' X 2' to 4' X 4' 
4' X 4' to 6' X 6' 
6' X 6' to 10' X 10' 

Soil Bioengineering 

assistance provided by Natural Resources Conservation Service 
staff at Amherst, MA, Massachusetts Native Plant Advisory Committee, and 
the Massachusetts Natural Heritage and Endangered Species Program. 

"Introducing Natives," Erosion Control, The Journal For Erosion & Sediment 
Control Professionals, Vol. 2, No.4, July/August 1995. 

North Carolina Sediment Control Commission, Erosion and Sediment 
ControlPlan-qingDesim Manual, Raleigh, NC, September, 1988. 

Washington State Department of Ecology, Stormwater Management Manual 
for the Pueet Sound Basin, Olympia, WA, February, 1992. 

Soil bioengineering use vegetative materials in combination-
with more traditionallandshaping, rock placement, and structural 
techniques. Bioengineering techniques can be used for immediate 
protection of slopes against surface erosion, cut and fill slope stabilization, 
earth embankment protection, and small gully repairs. 

Stems and branches of living plants are used as soil reinforcing and 
stabilizing material. Techniques include live staking, fascines, brushlayers, 
branchpacking, and live gully repair. Roots develop and foliage sprouts 
when the vegetative cuttings are placed in the ground. The resulting 
vegetation becomes a major structural component of the bioengineering 
system. 
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· Bioengineering combines biological elements with engineering 
design principles. The requirements for both must be considered 
when planning and designing measures. Engineering requirements may 
call for highly compacted soil for fill slopes, for example, while plants 
prefer relatively loose soil. Using a sheepsfoot roller for compaction is 
a solution that would integrate biological and engineering requirements 
because it compacts the soil, but also allows plant establishment in 
resulting depressions in the slope. 

Vegetation can be used with rigid construction such as surface 
armoring, gravity retaining walls, and rock buttresses to create 
vegetated structures. Vegetation enhances the structures and helps 
reduce surface erosion, but usually does not provide any reinforcement 
benefits. 
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Vegetated cribwalls, gabions, and rock walls are bioengineering 
techniques that use porous structures with openings through which 
vegetative cuttings are inserted and established. The structural 
elements provide immediate resistance to sliding, erosion, and washout. 
As vegetation becomes established, roots develop, binding the slope 
together in a unified, coherent mass. Over time, the structural elements 
diminish in importance as the vegetation increases in strength and 
functionality. 

Contact the local Conservation Commission regarding any stream 
crossing or other work conducted in a wetland resource area. The 
Massachusetts Wetland Protection Act requires that the proponent file a 
"Request for Determination of Applicability" or "Notice of Intent." 

Material in this section is adapted from Chapter 18, Soil 
Bioengineering for Upland Slope Protection and Erosion Reduction, of the 
Natural Resources Conservation Service Engineering Field Handbook, 
and from Stormwater Management Manual for the Puget Sound Basin, 
Washington State Department of Ecology. 

Vegetative Components 
Vegetation offers long-term protection against surface erosion on 

slopes. It provides some protection against shallow mass movement. 
Vegetation helps to prevent surface erosion by: 
,. Binding and restraining soil particles in place, 
.,. Reducing sediment transport, 
.,.. Intercepting raindrops, 
.,. Retarding velocity of runoff, 
.,. Enhancing and maintaining infiltration capacity,· 
,. Minimizing freeze-thaw cycles of soils susceptible to frost. 

Woody vegetation has deeper roots and provides greater protection 
against shallow mass movement by: 
"" Mechanically reinforcing the soil with roots, 
.,. Depleting soil-water through transpiration and interception, 
.,. Buttressing and soil arching action from embedded sterns. 
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Examples 
Fascines: 

Soil Bioengineering 

Woody species, such as shrub willow or shrub dogwood, are used 
for "live fascines" -long bundles of branch cuttings bound together into 
sausage-like bundles. The bundles are placed with the stems oriented 
generally parallel to the slope contour. 

Live fascines dissipate the energy of flowing water by trapping 
debris and providing a series of benches on which grasses, seedlings, and 
transplants establish more easily. Portions of the live fascines root and 
become part of the stabilizing cover. Live fascines provide an immediate 
increase in surface stability and can further improve soil stability to depths 
of two to three feet as roots develop. 

Brushlayering: 
Live branches or shoots of such woody species as shrub willow, 

dogwood, or privet are placed iri successive layers with the stems 
generally oriented perpendicular to the slope contour. This orientation 
is the optimal direction for maximum reinforcing effect in a slope. 
Brushlayering can improve soil stability to depths of 4 to 5 feet. 

Structural Components 
Structural measures help stabilize a slope against shallow mass 

movement and protect the slope against rill and gully formation. Structures 
also help establish vegetation on steep slopes or in areas subject to severe 
erosion. They may make it feasible to establish plants on slopes steeper 
than would normally be possible. Structures stabilize slopes during critical 
seed germination and root growth. Without this stabilization, vegetative 
plantings would fail during their most vulnerable time. 

Materials 
Structures can be built from natural or manufactured materials. 

Natural materials, such as earth, rock, stone, and timber, usually cost less, 
are environmentally more compatible, and are better suited to vegetative 
treatment or slight modifications than are manufactured materials. Natural 
materials may also be available onsite at no cost. 

Some structures are comprised of both natural and manufactured 
materials. Examples include concrete cribwalls, steel bin walls, gabion 
walls or revetments, welded wire or polymeric geogrid walls, and 
reinforced earth. In these cases steel and concrete mostly provide rigidity, 
strength, and reinforcement, whereas stone, rock, and soil provide 
mass. These types of structures have spaces that are often planted with 
herbaceous or woody vegetation. 
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Retaining Structures 
A retaining structure of some type is usually required to protect 

and stabilize extremely steep slopes. Low retaining structures at the 
toe of a slope make it possible to grade the slope back to a more stable 
angle that can be successfully revegetated without loss of land at the 
crest. Structures are generally capable of resisting much higher lateral 
earth pressures and shear stresses than vegetation. 

Grade Stabilization Structures 
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Grade stabilization structures are used to control and prevent gully 
erosion. A grade stabilization structure reduces the grade above it and 
dissipates the excess energy of flowing water within the structure itself. 
Debris and sediment tend to be deposited and trapped upstream of the 
structure. This, in turn, permits establishment of vegetation behind 
the structure, which further stabilizes the ground. Grade stabilization 
structures may range from a series of simple timber check darns to 
complex concrete overfall structures and earth embankments with pipe 
spillways. 

Gully control is an example of the integration of structures and 
vegetation. Structural measures may be required in the short term 
to stabilize critical locations. The long-term goal is to establish and 
maintain a vegetative cover that prevents further erosion. Vegetation 
alone will rarely stabilize gully headcuts because of the concentrated 
water flow, overfalls, and pervasive forces that promote gully 
enlargement in an unstable channel system. Initially, the vegetation 
and the structure work together in an integrated fashion. The ultimate 
function of these structures, however, is to help establish vegetation 
which will provide longterm protection. 

Factors to Consider 
Bioengineering integrates the characteristics of vegetative 

components with those of structural components. The resulting 
systems and their components have benefits and limitations that need 
to be considered prior to selecting them for use. 

Bioengineering is not appropriate for all sites and situations. In 
some cases, conventional vegetative treatment (e.g., grass seeding and 
hydro mulching) works satisfactorily at less cost. in other. cases, the 
more appropriate and most effective solution is a structural retaining 
system alone or in combination with bioengineering. 
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Environmental Compatibility 
Bioengineering systems generally require minimal access for 

equipment and workers and cause relatively minor site disturbance 
during installation. These are generally important considerations in 
environmentally sensitive areas, such as parks, woodlands, and scenic 
corridors where aesthetic quality, wildlife habitat, and similar values may 
be critical. 

Cost Effectiveness 
Combined slope protection systems are more cost effective than the 

use of either vegetative treatments or structural solutions alone in some 
instances. Where construction methods are labor intensive and labor costs 
are reasonable, the combined systems may be especially cost effective. 
If labor is scarce or costly, however, bioengineering systems may be less 
practical than structural measures. 

Using native plant materials accounts for some of the cost 
effectiveness because plant costs are limited to labor for harvesting and 
handling and direct costs for transporting the plants to the site. 

Planting Times 
Bioengineering systems are most effective when they are installed 

during the dormant season, usually the late fall winter, and early spring. 
This often coincides with the time that other construction work is slow. 

Constraints on planting times or the availability of the required 
quantities of suitable plant materials during allowable planting times may 
limit the usefulness of bioengineering methods. 

Difficult Sites 
Bioengineering may be an alternative for small, sensitive, or steep 

sites where the use of machinery is not feasible and hand labor is a 
necessity. Rapid vegetative establishment may be difficult, however, on 
extremely steep slopes. 

Suitable soils are needed for plant growth. Rocky or gravelly slopes 
may lack sufficient fines or moisture to support plant growth. Restrictive 
layers in the soil, such as hardpans, may restrict root growth. 

Vegetation would be of limited use on slopes that are exposed to high 
velocity water flow or constant inundation. 

Harvesting Local Plant Material 
Vegetation can often be obtained as dormant cuttings from local 

stands of willows and other suitable species. This stock is already well 
suited to the climate, soil conditions, and available moisture and is a good 
candidate for survival. Using local plant materials and gathering in the wild 
could result in short supplies or unacceptable depletion of site vegetation. 
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Some localities have prohibitions against gathering native plants and 
materials must be purchased from commercial sources. 

Biotechnical Strengths 
Bioengineering systems are strong initially and grow stronger 

with time as vegetation becomes established. In some instances, the 
primary role of the structural component is to give the vegetation a 
better chance to become established. Bioengineering systems can 
usually withstand heavy rainfalls immediately after installation. Even 
if established vegetation dies, the plant roots and surface residue still 
furnish protection during reestablishment. 

Design Considerations 
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Consider site topography, geology, soils, vegetation, and hydrology. 
Avoid extensive grading and earthwork in critical areas. Perform soil 
tests to determine if vigorous plant growth can be supported. 

Topography and Exposure 
Note the degree of slope in stable and unstable areas. Also 

note the presence or lack of moisture. The potential for success of 
bioengineering treatments can best be determined by observing 
existing stable slopes in the vicinity of the project site. 

Note the type and density of existing vegetation in areas with and 
without moisture and on slopes facing different directions. Certain 
plants grow well on east-facing slopes, but will not survive on south­
facing slopes. 

Look for areas of vegetation that may be growing more vigorously 
than other site vegetation. This is generally a good indicator of excess 
moisture, such as seeps and a perched water table, or it may reflect a 
change in soils. 

Geology and Soils 
Note evidence of past sliding. If site evidence exists, determine 

whether the slide occurred along a deep or shallow failure surface. 
Leaning or deformed trees may indicate previous slope movement or 
downhill creep. In addition to site evidence, check aerial photos, which 
can reveal features that may not be apparent from a site visit. 

Determine soil type and depth. Use the soil survey report, if 
available. 
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Hydrology 
Determine the drainage area. Note whether water can be diverted 

away from the problem area. 
Are there concentrated discharges? 
Calculate peak flows through the project area. 
If a seep area is noted, locate the source of the water. Determine 

whether the water can be intercepted and diverted away from the slope 
face. 

Vegetation 
Retain existing vegetation, limit the removal of vegetation. Vegetation 

provides excellent protection against surface erosion and shallow slope 
failures. 

Bioengineering measures are designed to aid or enhance the 
reestablishment of vegetation. 

Limit cleared area to the smallest practical size. 
Limit duration of disturbance to the shortest practical time. 
Remove and store existing woody vegetation that may be used later in 

the project. 
Schedule land clearing during periods of low precipitation whenever 

possible. 

Earthwork 
Sites usually require some earthwork prior to the installation of 

bioengineering systems. A steep undercut or slumping bank, for example, 
requires grading to flatten the slope for stability. The degree of flattening 
depends on the soil type, hydrologic conditions, geology, and other site 
factors. 

Scheduling and Timing 
Planning and coordination are needed to achieve optimal timing and 

scheduling. The seasonal availability of plants or the best time of year to 
install them may not coincide with the construction season or with tight 
construction schedules. In some cases, rooted stock may be used as an 
alternative to unrooted dormant season cuttings. 

Vegetative Damage to Inert Structures 
Vegetative damage to inert structures may occur when inappropriate 

species or plant materials that exceed the size of openings in the face of 
structures are used. Vegetative damage does not generally occur from 
roots. Plant roots tend to avoid porous, open-faced retaining structures 
because of excessive sunlight, moisture deficiencies, and the lack of a 
growing medium. 
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Moisture Requirements and Effects 
The backfill behind a stable retaining structure needs specific 

mechanical and hydraulic properties. Ideally, the fill is coarse-grained, 
free-draining, granular material. Excessive amounts of clay, silt, and 
organic matter are not desirable. Free drainage is essential to the 
mechanical integrity of an earth retaining structure and a:lso important to 
vegetation, which cannot tolerate waterlogged soil conditions. 

Establishing and maintaining vegetation, however, usually requires 
some fine-grained soils and organic matter in the soil to provide adequate 
moisture and nutrient retention. These requirements can often be satisfied 
without compromising the engineering performance of the structure. With 
cribwalls, for example, adequate amounts of fine-grained soils or other 
amendments can be incorporated into the backfill. Gabions can have the 
spaces between rocks filled with and soil to facilitate growth of vegetation. 
Woody vegetative cuttings can be placed between the baskets during 
filling and into the soil or backfill beyond the baskets. The needs of plants 
and the requirements of structures must be taken into account when 
designing a system. 

Construction Materials and Techniques 
General Considerations 

Bioengineering measures have certain requirements and capabilities. 
Plant species must be suitable for the intended use and adapted to 
the site's climate and soil conditions. Species that root easily, such as 
willow, are required for such measures as live fascines, brushlayer, and 
live staking or where unrooted stems are used with structural measures. 
See the end of this section for a list of plant species suitable for use in , 
bioengineering applications in Massachusetts. 

Rooted plants and live dormant cuttings are living materials and must 
be handled properly to avoid excess stress, such as drying or exposure 
to heat. They must be installed in moist soil and adequately covered. The 
soil must be compacted to eliminate or minimize air pockets around the 
buried stems. If soils are not at or near moisture capacity, the installation 
should be delayed unless deep and regular irrigation can be provided 
during and following installation. 

Bioengineering systems are best installed in the late fall at the onset 
of plant dormancy; either in the winter, as long as the ground is not frozen, 
or in early spring before growth begins. Installation after initial spring 
growth may be successful in some cases, but the risks of failure are high. 
Summer installation is not recommended. Rooted plants can be used, but 
they are sometimes less effective and more expensive. 

All installations should be inspected regularly and provisions made 
for prompt repair if needed. Initial failure of a small portion of a system 
normally can be repaired easily and inexpensively. Neglect of small 
failures, however, can often result in the failure of large portions of a 
system. 
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· Properly designed and installed vegetative portions of systems will 
become self-repairing to a large extent. Periodic pruning and replanting 
may be required to maintain healthy and vigorous vegetation. Structural 
elements, such as cribwalls, rock walls, and gabions, may require 
maintenance and/or replacement throughout their life. Where the 
main function of structural elements is to allow vegetation to become 
established and take over the role of slope stabilization, the eventual 
deterioration of the structures is not a cause for concern. 

Bioengineering Materials 
Plant tolerances to deposition, flooding, drought, and salt should be 

considered in selecting species for adverse site conditions. 

Locating and Selecting Plant Materials 
Commercial Sources 

Commercially grown plant materials are suitable sources of vegetation 
for use in bioengineering systems; however, it is necessary to allow 
adequate lead time for their procurement and delivery. 

Native Species 
Correctly selected live dormant cuttings harvested from existing 

stands of living woody vegetation are the preferred bioengineering 
materials. The use of indigenous live materials requires careful selection, 
harvesting, handling, and transporting. They should result in plants that 
have deep and strong root systems, are relatively inexpensive, are usually 
effective, and can be installed quickly. 

Live plant materials can be cut from existing native or naturalized 
stands found near the project site or within practical hauling distance. 
The s.ource site must contain plant species that will propagate easily from 
cuttings. Cuttings are normally ~ to 2 inches in diameter and range in 
length from 2 to 6 feet. 

Chain saws, bush axes, loppers, and prunners are recommended 
for cutting living plant material. Safety precautions must be followed 
when using these tools. Onsite plant material should be harvested with 
great care. In some places a large area can be cut, but other sites require 
selective cutting. Cuts should be made at a blunt angle, 8 to 10 inches from 
the ground, to assure that the source sites will regenerate rapidly and in a 
healthy manner. 

The harvesting site should be left clean and tidy. Remnant materials 
that are too large for use in bioengineering projects should be chipped 
or left in piles for wildlife cover. A site may be needed again for future 
harvesting and should be left in a condition that will enhance its potential 
for regeneration. 
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Binding and Storage 
Live cuttings should be bundled together securely at the collection 

site for easy loading and handling and for protection during transport. 
Side branches and brushy limbs should be kept intact. 

Transporting 
The bundles of live cuttings should be placed on the transport 

vehicles in an orderly fashion to prevent damage and facilitate handling. 
They should be covered with a tarpaulin during transportation to 
prevent drying and additional stress. 

Handling 
Live cuttings should arrive on the job site within eight hours of 

harvest and should be installed immediately. This is especially critical 
when the ambient temperature is 50 degrees F or above. 

Live cuttings not installed on the day they arrive should be 
placed in controlled storage conditions and protected until they can 
be installed. When in storage, the cuttings must receive continuous 
shade, must be sheltered from the wind, and must be continuously 
protected from drying by being heeled into moist soils or stored in 
uncontaminated water. All live cuttings should be removed from storage 
and used within 2 days of harvest. 

Installing Plant Materials 
Timing 

Installation of live cuttings should begin concurrently with earth 
moving operations if they are carried out during the dormant season. 
All construction operations should be phased together whenever 
possible. The best time for installation of bioengineering systems is 
during the dormant season. 

Planting Medium 
Bioengineering projects ideally use onsite stockpiled topsoil as the 

planting medium of choice. Gravel is not suitable for use as fill around 
live plant materials. A planting medium is needed that includes fine­
grained soil and organic material, and is capable of supporting plant 
growth. 

Muddy soils that are otherwise suitable should not be used until 
they have been dried to a workable moisture content. Heavy clays 
should be mixed with organic soils to increase porosity. Select soil 
backfill does not need to be organic topsoil but it must be able to 
support plant growth. 

Erosion and Sedirnent Control Guidelines 



256 Soil Bioengineering 

Soil samples should be taken of the onsite materials prior to planting 
live woody cuttings. Soil samples should also be taken of all fill materials 
that are brought to the site prior to use. Nutrient testing should include 
analyses for plant nutrients, metal contents, and pH. Laboratory reports 
should include recommended fertilizer and lime amendments for woody 
plant materials. 

All fill soil around the vegetative cuttings should be compacted to 
densities approximating the surrounding natural soil densities. The soil 
around plants should be free of voids. 

Establishment Period 
Bioengineering measures should be checked periodically after 

installation. Recommended schedule: 
First two months: 
Inspect biweekly. Check for insect infestations, soil moisture, and other 
conditions that could lead to poor survivability. Take action, such as the 
application of supplemental water, to correct any problems. 
Next six months: 
Inspect monthly. Systems not in acceptable growing condition should be 
noted and, as soon as seasonal conditions permit, should be removed 
from the site and replaced with materials of the same species and sizes as 
originally specified. 
Initial 2-year establishment period: 
Perform reestablishment work as needed every six months. This will 
usually consist of replacing dead material. 
Make additional inspections during periods of drought or heavy rains. 
Damaged sections should always be repaired immediately. 

live Staking 
Live staking involves the insertion and tamping of live, rootable 

vegetative cuttings into the ground. If correctly prepared and placed, the 
live stake will root and grow. Stakes create a living root mat that stabilizes 
the soil by reinforcing and binding soil particles together and by extracting 
excess soil moisture. 

Live staking increases the opportunity for natural invasion and 
establishment of other plants from the surrounding plant community. 

Recommended Uses 
Most willow species root rapidly and begin to dry out a slope soon 

after installation. Live staking is appropriate for repair of small earth slips 
and slumps that frequently are wet. 

May be used for pegging down surface erosion control materials. 
Can be used to stabilize intervening area between other 

bioengineering techniques, such as live fascines. 
Well-adapted to relatively uncomplicated site conditions when 

construction time is limited and an inexpensive method is necessary. 
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Construction Recommendations 
Select cuttings ~ to 1 ~ inches in diameter and 2 to 3 feet long. 
The cuttings must have side branches cleanly removed and the 

bark intact. 
The ends should be cut at an angle for easy insertion into the soil. 

The top should be cut square. 
Cuttings should be installed the same day that they are prepared. 

Installation 
Tamp the live stake into the ground at right angles to the slope. 

The installation may be started at any point on the slope face. 
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The live stakes should be installed 2 to 3 feet apart using triangular 
spacing. The density of the installation will range from 2 to 4 stakes per 
square yard. 

The buds should be oriented up. 
About four-fifths of the length of the live stake should be installed 

into the ground. Pack soil firmly around stakes after installation. 
Be careful not to split the stakes during installation. Stakes that do 

split should be replaced. 
An iron bar can be used to make a pilot hole in firm soil. Drive the 

stake into the ground with a dead blow hammer (hammer head filled 
with shot or sand). 

Dormant Woody Plantings 
This involves the use of live, dormant-stem cuttings of woody plant 

species from \.1 to 3 inches or more in diameter. The plantings create 
a living root mat that stabilizes the soil by reinforcing and binding soil 
particles together and by extracting excess soil moisture. 

Recommended Uses 
Dormant plantings are appropriate for repair of small earth slips 

and slumps that frequently are wet. 
Can be used to stabilize intervening area between other 

bioengineering techniques, such as live fascines. 
A technique for relatively uncomplicated site conditions when 

construction time is limited and an inexpensive method is necessary. 

Materials and Preparation 
Cuttings, stakes and posts to be used as live dormant woody 

materials should be obtained from moisture-loving species that will 
either root naturally or respond to treatment with rooting hormones. 
Always select healthy materials native or adaptable to the planting site. 

The proper preparation arid handling of selected materials is very 
important. Make clean cuts and avoid split ends. 
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Always plant materials with the butt end down. The butt end should 
be tapered to mark it for proper orientation as well as facilitate driving it 
into the soil if done so manually. The top end should be flat, especially on 
stakes and posts, to facilitate manual driving. 

Trim lateral branches to leave the bark ridge and branch collar intact. 
The diameter and length of the plant materials varies with the type: 

Dormant "cutting"- The diameter of cuttings should be a minimum of one­
half inch and a maximum of less than one (1) inch. Cuttings should be at 
least 12 inches but less than 18 inches in length. 
Dormant "stake"- Stakes should be one to three inches in diameter at the 
top and 18 inches to six feet in length. 
Dormant "post"- Posts should be greater than three inches in diameter 
at the top end. Length will vary with the depth to saturated soil and the 
difference in feet between the channel bottom and low bank elevation. 
However, posts should be a minimum length equal to the difference in feet 
between the lowest point of channel scour and the low bank elevations or 
7 feet, whichever is less. 

All "stakes" and "posts" should extend a minimum of two feet below 
the maximum depth of the streambed scour. 

There should be at least two lateral buds and/or terminal bud scars 
above the ground on "cuttings." A terminal bud scar should be within 1 
to 4 inches of the top. Cuttings put out the largest number and strongest 
·shoots just below a terminal bud scar (annual growth scar). 

Planting materials must not be allowed to dry out. They should be 
kept moist and covered during transport to the planting site and during 
planting operations. Material should be kept submerged in water up to 
the time of planting. It is best to plant materials the same day they are cut 
and prepared. One exception is Eastern Cottonwood, which has exhibited 
increased survival rates if soaked in water for 1 to 2 days prior to planting. 

Select native or naturalized species that root readily with or without 
the use of rooting hormones. Rooting hormones, if used, should be applied 
according to manufacturers' recommendations. 

Wood species with short, dense, flexible top growth and large, deep, 
fibrous root systems are recommended. Other desirable characteristics 
include rapid initial growth, ability to reproduce by seed or vegetatively, 
and resistance to insects and diseases. 

Layout 
Dormant "stakes" and "posts" should be placed in staggered rows 

at two-foot by two-foot, two-foot by four-foot, or four-foot by four-foot 
spacings. Dormant "cuttings" may be scattered between rows of "stakes" 
and "posts." 

On eroding streambanks over 15 feet high, use a minimum of 4 rows of 
dormant "stakes" or "posts." 
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Installation 
All materials should be cut and installed while in a dormant stage. 

The following periods are recommended for practice installation: 
November 1 until ground becomes frozen, or February 1 to April 1 
provided ground is not frozen or buds have not broken dormancy. 

Be sure that the planting material is right side up (butt end in the 
ground). 
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Set the materials as deep as possible with at least the bottom 12 
inches into a saturated soil layer. Deep planting insures an adequate 
moisture supply for root development, minimizes water loss due to 
transpiration and prevents root breakage caused by movement between 
the planting material and the soil during high velocity water flows. 

Avoid excessive damage to the bark of the planting material, 
especictlly stripping. 

Be sure there is good contact between the soil and planting 
material. "Dormant cuttings" will have the soil tamped around them. 
Dormant materials may be installed using an iron bar for "cuttings" 
and a post hole digger, powered auger or a metal ram on a backhoe or 
similar equipment for "stakes" and "posts." 

In soft, nonrestricted soils, "stakes" or "posts" may be manually 
driven into place using a wooden maul. If a sledge is used, care must 
taken to avoid splitting the planting material. Extreme care is needed in 
driving the stakes or posts, and should be limited to soils such as sandy 
soils, where use of the other methods is not feasible. 

Post lengths should be extended 4 to 6 inches to allow for a new 
flat cut to eliminate any damaged materials after manual driving. At 
least 40 percent, and preferably 50 percent or more, of the planting 
material should be below ground level after planting. 

Where damage by beaver may occur, treating materials with 
a repellant, such as repel, or enclosing them with chicken wire is 
recommended. 

All ~stakes" and "posts" located in the stream channel should have 
a minimum of 12 inches extending above the normal water level. 

Recommended Species 
Species selection should consider the position of the plant in the bank 
profile. 
Zone I 
Below normal waterline to upper limit of saturation area kept moist by 
capillary water movement. This zone includes the greatest potential for 
periodic inundations and the least moisture stress. 
Zone2 
Area from upper limit of Zone 1 to 2-3 feet from the top of the bank. This 
area may be subject to rapid drying and greater moisture stress. 
Zone3 · 
Area 2-3 feet below the top of the bank to a minimum of 30 feet into the 
floodplain. 
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Plant Zone Common Name/Scientific Name Growth Form 

1 Black Willow* Salix nigra Tree 
1 Bankers Willow* Salix cottettii Shrub 
1 Purple-osier willow* Salix purpurea Shrub 
1 Sandbar Willow* Safix interior Tree 
1 Carolina Willow* Safix caroliniana Tree 
1 Peach-leaved Willow* Salix amycdaloides Tree 
1 Buttonbush* Cephalanthis occidetalis Shrub 
1,2,3 Red-osier Dogwood* Comus stolonifera Shrub 

2,3 Silky Dogwood Comus amomum Shrub 
2,3 Flowering Dogwood Comus florida Tree 
2,3 Green Ash Fraxinus pennsylvanica Tree 
2,3 Sycamore* Platanus occidentalis Tree 
1,2,3 Bald Cypress Taxodium distichum Tree 
1,2 River Birch Betula nigra Tree 
1,2,3 Eastern Cottonwood* Populus deltoides Tree 
1,2,3 Swamp Cottonwood* Populus heterophylla Tree 

•These species are suitable for use as dormant woody cuttings, stakes or posts. All species of willow and 
cottonwood do not require hormone treatment for rooting. 

Fascines are long bundles of live branch cuttings bound together into 
sausage-like structures. When cut from appropriate species and properly 
installed with live and dead stout stakes, fascines will root and immediately 
begin to stabilize slopes. 

Advantages 
An effective stabilization technique for slopes. 
Immediately reduces surface erosion or rilling. 
Enhances vegetative establishment by creating a microclimate 

conducive to plant growth. 
Capable of trapping and holding soil on the face of the slope, thus 

reducing a long slope, into a series of shorter slopes. 

Recommended Uses 
To protect slopes from shallow slides (1 to 2 foot depth). 
On steep, rocky slopes, where digging is difficult. 

Construction guidelines 
Fascines should be placed in shallow contour trenches on dry slopes 

and at an angle on wet slopes to reduce erosion and shallow face sliding. 
This causes little site disturbance when installed by a trained crew. 
Live materials 
Cuttings must be from species, such as young willows or shrub dogwoods, 
that root easily and have long, straight branches. 
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Live material sizes and preparation 
Cuttings tied together to form live fascine bundles may vary in length 
from 5 to 30 feet or longer, depending on site conditions and limitations 
in handling. 
The completed bundles should be 6 to 8 inches in diameter, with all of 
the growing tips oriented in the same direction. Stagger the cuttings in 
the bundles so that tops are evenly distributed throughout the length 
of the uniform-sized bundle. Live stakes should be 2 ~ feet long in cut 
slopes and 3 feet long in fill slopes. 
Inert materials 
String used for bundling should be untreated twine. 

261 

Dead stout stakes used to secure the fascines should be 2 ~foot long, 
untreated, 2 by 4lumber. Each length can be cut again diagonally across 
the 4-inch face to make two stakes from each length. Use new, sound, 
unused lumber. Any stakes that shatter during installation should be 
discarded. 

Installation 
Prepare the fascine bundles and live stakes immediately before 

installation. 
Beginning at the base of the slope, dig a trench on the contour just 

large enough to contain the live fascine. The trench will vary in width 
from 12 to 18 inches, depending on the angle of the slope to be treated. 
The depth will be 6 to 8 inches, depending on the individual bundle's 
final size. Place the live fascine into the trench. 

Drive the dead stout stakes directly through the live fascine every 
2 to 3 feet along its length. Extra stakes should be used at connections 
or bundle overlaps. Leave the top of the stakes flush with the installed 
bundle. 

Live stakes are generally installed on the downslope side of the 
bundle. Drive the live stakes below and against the bundle between the 
previously installed dead stout stakes. The live stakes should protrude 
2 to 3 inches above the top of the live fascine. Place moist soil along the 
sides of the live fascine. The top of the fascine should be slightly visible 
when the installation is completed. 

Repeat the preceding steps to the top of the slope; at intervals on 
the contour or at an angle up the face of the bank. When possible, place 
one or two rows over the top of the slope. 

Long straw or similar mulching material should be placed between 
rows on 2.5:1 or flatter slopes, while slopes steeper than 2.5:1 should 
have jute mesh or similar material placed in addition to the mulch. 
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Brushlayering consists of placing live branch cuttings in small 
benches excavated into the slope. The benches can range from 2 to 3 feet 
wide. These systems are recommended on slopes up to 2:1 in steepness 
and not to exceed 15 feet in vertical height. 

Brushlayers are similar to ~ascine systems because both involve 
the cutting and placement of live branch cuttings on slopes. The two 
techniques differ principally in the orientation of the branches and 
the depth to which they are placed in the slope. In brushlayering, the 
cuttings are oriented more or less perpendicular to the slope contour. The 
perpendicular orientation is more effective for earth reinforcement and 
mass stability of the slope. 

Brushlayer branches serve as reinforcing units. The portions of the 
brush that protrude from the slope face assist in retarding runoff and 
reducing surface erosion. 

Purpose 
Brushlayers perform several immediate functions in erosion control 

earth reinforcement, and mass stability of slopes: 
.,. Breaking up the slope length into a series of shorter slopes separated 
by rows of brushlayer . 
.,. Reinforcing the soil with the unrooted branch stems . 
.,. Reinforcing the soil as roots develop, adding significant resistance to 
sliding or shear displacement . 
.,. Providing slope stability and allowing vegetative cover to. become 
established . 
.,. Trapping debris on the slope . 
.,. Aiding infiltration on dry sites . 
.,. Drying excessively wet sites . 
.,. Adjusting the site's microclimate, thus aiding seed germination and 
natural regeneration . 
.,. Improving slope stability by acting as horizontal seepage drains. 

Construction Recommendations 
Live material sizes 

Branch cuttings should be ~ to 2 inches in diameter and long enough 
to reach the back of the bench. Side branches should remain intact for 
installation. 

Installation 
Starting at the toe of the slope, benches should be excavated 

horizontally, on the contour, or angled slightly down the slope, if needed to 
aid drainage. The bench should be constructed 2 to 3 feet wide. 

Erosion and Sediment Control Guidelines 



Soil Bioerigineering 263 

The surface of the bench should be sloped so that the outside edge 
is higher than the inside. 

Live branch cuttings should be placed on the bench in a crisscross 
or overlapping configuration. 

Branch growing tips should be aligned toward the outside of the 
bench. 

Backfill is placed on top of the branches and compacted to 
eliminate air spaces. The brush tips should extend slightly beyond the 
fill to filter sediment. 

Each lower bench is backfilled with the soil obtained from 
excavating the bench above. 

Long straw or similar mulching material with seeding should be , 
placed between rows on 3:1 or flatter slopes, while slopes steeper than 
3:1 should have jute mesh or similar material placed in addition to the 
mulch. 

The brushlayer rows should vary from 3 to 5 feet apart, depending 
upon the slope angle and stability. 

Branchpacking consists of alternating layers of live branch cuttings 
and compacted backfill to repair small localized slumps and holes in 
slopes. Branchpacking provides immediate soil reinforcement. 

Where Practice Applies 
.,.. Effective in earth reinforcement and mass stability of small earthen 
fill sites . 
.,.. Produces a filter barrier, reducing erosion and scouring conditions . 
.,. Repairs holes in earthen embankments other than dams where 
water retention is a function. 

Construction Recommendations 
Live material 
Live branch cuttings may range from ~ inch to 2 inches in diameter. 
They should be long enough to touch the undisturbed soil at the back of 
the trench and extend slightly from the rebuilt slope face. 

Inert material 
Wooden stakes should be 5 to 8 feet long and made from 3- to 4-inch 
diameter poles or 2 by 4 lumber, depending upon the depth of the 
particular slump or hole. 
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Installation 
Starting at the lowest point, drive the wooden stakes vertically 3 to 4 

feet into the ground. Set them 1 to 1 ~ feet apart. 
A layer of living branches 4 to 6 inches thick is placed in the bottom 

of the hole, between the vertical stakes, and perpendicular to the slope 
face. They should be placed in a crisscross configuration with the growing 
tips generally oriented toward the slope face. Some of the basal ends of the 
branches should touch the back of the hole or slope. 

Subsequent layers of branches are installed with the basal ends lower 
than the growing tips of the branches. 

Each layer of branches must be followed by a layer of compacted soil 
to ensure soil contact with the branch cuttings. 

The final installation should match the existing slope. Branches 
should protrude only slightly from the filled face. 

The soil should be moist or moistened to insure that live branches do 
not dry out. 

The live branch cuttings serve as "tensile inclusions" for 
reinforcement once installed. As plant tops begin to grow, the 
branchpacking system becomes increasingly effective in retarding 
runoff and reducing surface erosion. Trapped sediment refills the 
localized slumps or holes, while roots spread throughout the backfill and 
surrounding earth to form a unified mass. Branchpacking is not effective in 
slump areas greater than 4 feet deep or 5 feet wide. 

gully repair utilizes alternating layers of live branch cuttings and 
compacted soil to repair small rills and gullies. Similar to branchpacking. 

Limited to rills or gullies which are a maximum of 2 feet wide, 1 foot 
deep, and 15 feet long. 

Advantages 
The installed branches offer immediate reinforcement to the 

compacted soil and reduce the velocity of concentrated flow of water. 
Provides a filter barrier that reduces rill and gully erosion. 

Construction Recommendations 
Live material sizes 
Live branch cuttings may range from ~ inch to 2 inches in diameter. They 
should be long enough to touch the undisturbed soil at the back of the rill 
or gully and extend slightly from the rebuilt slope face. 
Inert materials 
Fill soil is compacted in alternate layers with live branch cuttings. 
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Installation 
Starting at the lowest point of the slope, place a 3- to 4-inch layer 

of branches at lowest end of the rill or gully and perpendicular to the 
slope. 

Cover with a 6 to 8 inch layer of fill soil. 
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Install the live branches in a crisscross fashion. Orient the growing 
tips toward the slope face with basal ends lower than the growing tips. 

Follow each layer of branches with a layer of compacted soil to 
ensure soil contact with the live branch cuttings. 

Vegetated structures consist of either low walls or revetments 
(concrete or rock and mortar) at the foot of a slope with plantings on 
the interposed benches. 

A structure at the foot of a slope protects the slope against 
undermining or scouring and provides a slight buttressing effect. In the 
case of low walls, it allows regrading of the slope face to a more stable 
angle without excessive retreat at the crest. 

Vegetation planted on the crest of the wall and the face of the slope 
protects against, erosion and shallow sloughing. In the case of tiered 
structures, the roots of woody plants grow into the soil and backfill 
within the structure, binding them together. The foliage in front covers 
the structure and enhances its appearance. 

Low Wall/Slope Face Plantings 
A low retaining structure at the foot of a slope makes it possible to 

flatten the slope and establish vegetation. Vegetation on the face of the 
slope protects against both surface erosion and shallow face sliding. 

Several types of retaining structures can be used as low walls. The 
simplest type is a "gravity wall" that resists lateral earth pressures by 
its weight or mass. The following types of retaining structures can be 
classified as gravity walls: 
.,. Masonry and concrete walls 
.,. Crib and bin walls 
.,. Cantilever and counterfort walls 
.,. Reinforced earth arid geogrid walls 

Each of these can be modified in a variety of ways to fit nearly any 
condition or requirement. The retaining structure should be designed 
by a qualified engineer. 
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Tiered Wall or Bench Plantings 
These are alternatives to a low wall with face planting. They allows 

vegetation to be planted on slopes that would otherwise be too steep. 
Shrubs and trees planted on the benches screen the structure behind and 
lend a more natural appearance while their roots permeate and protect the 
benches. 

Almost any type of retaining structure can be used in a tiered wall 
system. A tiered wall system provides numerous opportunities for use of 
vegetation on steep slopes and embankments. 

A cribwall is a structure formed by joining a number of cells together 
and filling them with soil, gravel, or rock to furnish strength and weight. A 
vegetated cribwall is filled with suitable backfill material and layers of live 
branch cuttings. The cuttings root inside the crib structure and extend 
into the slope. Once the live cuttings root and become established, the 
subsequent vegetation gradually takes over the structural functions of the 
wood members. 

The cribwall provides immediate protection from erosion; while 
established vegetation provides longterm stability. 

Where Practice Applies 
This technique is appropriate at the base of a slope where a low wall 

may be required to stabilize the toe of the slope and reduce its steepness. 
Not designed for or intended to resist large, lateral earth stresses. 

Recommended only to a maximum of 6 feet in overall height, including the 
excavation required for a stable foundation. 

Useful where space is limited and a more vertical structure is · 
required. 

Should be tilted back or battered if the system is built on a smooth, 
evenly sloped surface. 

May also be constructed in a stair-step fashion, with each successive 
course of timbers set back 6 to 9 inches toward the slope face from the 
previously installed course. 

Construction Recommendations 
Live material sizes 

Live branch cuttings should be ~ to 2 inches in diameter and long 
enough to reach the back of the wooden crib structure. 
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Installation 
Starting at the lowest point of the slope, excavate loose material 2 

to 3 feet below the ground elevation until a stable foundation is reached. 
Excavate the back of the stable foundation (closest to the slope) 

slightly deeper than the front to add stability to the structure. 
Place the first course of logs or timbers at the front and back of the · 

excavated foundation, approximately 4 to 5 feet apart and parallel to the 
slope contour. 

Place the next course of logs or timbers at right angles 
(perpendicular to the slope) on top of the previous course to overhang 

. the front and back of the previous course by 3 to 6 inches. 
Each course of the live cribwall is placed in the same manner and 

nailed to the preceding course with nails or reinforcement bars. 
When the cribwall structure reaches the existing ground elevation, 

place live branch cuttings on the backfill perpendicular to the slope; 
then cover the cuttings with backfill and compact. 

Live branch cuttings should be placed at each course to the top of 
the cribwall structure with growing tips oriented toward the slope face. 
Follow each layer of branches with a layer of compacted soil to ensure 
soil contact with the live branch cuttings. Some of the basal ends of the 
live branch cuttings should reach to undisturbed soil at the back of the 
cribwall with growing tips protruding slightly beyond the front of the 
cribwall. 

Empty gabions are placed in position, wired to adjoining gabions, 
filled with stones and then folded shut and wired at the ends and 
sides. Live branches are placed on each consecutive layer between 
the rockfilled baskets. These will take root inside the gabion baskets 
and in the soil behind the structures. In time the roots consolidate the 
structure and bind it to the slope. 

Construction Recommendations 
Live material sizes 

Branches should range from ~ to 1 inch in diameter and must be 
long enough to reach beyond the back of the rock basket structure into 
the backfill. 
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Installation 
Starting at the lowest point of the slope, excavate loose material 2 to 3 

feet below the ground elevation until a stable foundation is reached. 
Excavate the back of the stable foundation (closest to the slope) 

slightly deeper than the front to add stability to the structure. This will 
provide additional stability to the structure and ensure that the living 
branches root well. 

Place the fabricated wire baskets in the bottom of the excavation and 
fill with rock. 

Place backfill between and behind the wire baskets. 
Place live branch cuttings on the wire baskets perpendicular to the 

slope with the growing tips oriented away from the slope and extending 
slightly beyond the gabions. The live cuttings must extend beyond the 
backs of the wire baskets into the fill material. Place soil over the cuttings 
and compact it. 

Repeat the construction sequence until the structure reaches the 
required height. 

VeJ;fet;ated rock walls from.conventional retaining structures 
in that they are placed against relatively undisturbed earth and are not 
intended to resist significant lateral earth pressures. A vegetated rock wall 
is a combination of rock and live branch cuttings used to stabilize and 
protect the toe of steep slopes. 

This system is appropriate at the base of a slope where a low wall may 
be required to stabilize the toe of the slope and reduce its steepness. 

Construction Recommendations 
Live material sizes 

Live cuttings should have a diameter of~ to l-inch and be long 
enough to reach beyond the rock structure into the fill or undisturbed soil 
behind. 
Inert materials 

Inert materials consist of rocks and fill material for the wall 
construction. Rock should normally range from 8 to 24 inches in diameter. 
Larger boulders should be used for the base. 

Installation 
Starting at the lowest point of the siope, remove loose soil until 

a stable base is reached. This usually occurs 2 to 3 feet below ground 
elevation. Excavate the back of the stable foundation (closest to the slope) 
slightly deeper than the front to add stability to the structure. 

Excavate the minimum amount from the existing slope to provide a 
suitable recess for the wall. 

Erosion and Sediment Control Guidelines 



Soil Bioengineering 

Provide a well-drained base in locations subject to deep frost 
penetration. 
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Place rocks with at least a three-point bearing on the foundation 
material or underlying rock course. They should also be placed so that 
their center of gravity is as low as possible, with their long axis slanting 
inward toward the slope if possible. 

When a rock wall is constructed adjacent to an impervious surface, 
place a drainage system at the back of the foundation and outside toe of 
the wall to provide an appropriate drainage outlet. 

Overall height of the rock wall, including the footing, should not 
exceed 5 feet. 

A wall can be constructed with a sloping bench behind it to 
provide a base on which live branch cuttings can be placed during 
construction. Live branch cuttings should also be tamped or placed 
into the openings of the rock wall during or after construction. The butt 
ends of the branches should extend into the backfill or undisturbed soil 
behind the wall. 

The live branch cuttings should be oriented perpendicular to the 
slope contour with growing tips protruding slightly from the finished 
rock wall face. 

or vegetated riprap involves tamping live cuttings 
of rootable plant material into soil between the joints or open spaces 
in rocks that have previously been placed on a slope. Alternatively, the 
cuttings can be tamped into place at the same time that rock is being 
placed on the slope face. 

Roots improve drainage by removing soil moisture. Over time, they 
create a living root mat in the soil base upon which the rock has been 
placed. The root systems of this mat help to bind or reinforce the soil 
and to prevent washout of fines between and below the rock units. 

Construction Recommendations 
Live material sizes 

The cuttings must have side branches removed and bark intact. 
They should range in diameter from Y2 inch to 1 Y2 inches and be 
sufficiently long to extend into soil below the rock surface. 

Installation 
Tamp live branch cuttings into the openings of the rock during or 

after construction. The butt ends of the branches should extend into 
the backfill or undisturbed soil behind the riprap. 

Orient the live branch cuttings perpendicular to the slope with 
growing tips protruding slightly from the finished face of the rock. 
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Bioengineering techniques for slope stabilization involve using a 
combination of vegetative and mechanical measures on steep slopes, cut 
and fill banks, and unstable soil conditions that cannot be stabilized using 
ordinary vegetative techniques. 

Advantages 
Vegetation reduces sheet erosion on slopes and impedes sediment at 

the toe of the slope. 
Where soils are unstable and liable to slip due to wet conditions, 

utilization of soil moisture by vegetation can reduce the problem. 
Shrubs and trees shelter slopes against the impact of rainstorms, and 

the humus formed by decaying leaves further helps to impede runoff. 
Mechanical measures help to stabilize soil long enough to allow 

vegetation to become established. 

Disadvantages/Problems 
The planting of non-seeded material such as live willow brush is a 

specialized operation and cannot be highly mechanized or installed by 
unskilled labor. 

The methods described are effective but require familiarity with soils, 
hydrology, and other physical data to design measures that will solve the 
problem. 

Design and Construction Recommendations 
The following bioengineering methods can be used after slopes have 

been protected by diversion of runoff. 

Sod walls or retaining banks 
These may be used to stabilize terraces. Sod is piled by tilting it 

slightly toward the slope and should be backfilled with soil and compacted 
as they are built up. Sod walls can be as steep as 1: 8 but should not be 
higher than 5 feet. 

Timber frame stabilization 
This can be. effective on gradients up to 1:1. The following steps are 

involved in construction: 
co Lay soil retarding frames of 2 x 4 in. vertical members and 1 x 4 in. 
horizontal members on slopes. Frames on slopes over 15 feet in length 
need to be anchored to slope to prevent buckling . 
.,. Attach 14 gauge galvanized wires for anchoring wire mesh . 
.,. Fill frames with moist topsoil and compact the soil . 
.,. Spread straw 6 inches deep over slope . 
.,. Cover straw with 14 gauge 4-inch mesh galvanized reinforced wire. 
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.,. Secure wire mesh at least 6 feet back of top slope . 

.,. Plant ground cover plants through straw into topsoil. 

Woven willow whips 
May be used to form live barriers for immediate erosion control. 
Construction: 
.,. Three-foot poles are spaced at 5 foot distances and driven into the 
slope to a depth of 2 feet . 
.,. Two-foot willow sticks are inserted between poles at one foot 
distances. 
,. Live willow branches 5 feet long are sunk to a depth of 1 inch and 
interwoven with poles and stocks . 
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.,. Spaces between the woven "fences" are filled with topsoil. Fences 
are generally arranged parallel to the slope or in a grid pattern diagonal 
to the direction of the slope. 

can ··made stable by establishing 
vegetation where erosion potential is low and installing structural 
measures, or a combination of vegetative and structural measures on 
more vulnerable areas; such as the outside of channel bends and where 
the natural grade steepens. 

Any work in or adjacent to a stream should be coordinated with 
the local Conservation Commission, and done in accordance with 
wetlands protection laws. 

Advantages 
Bioengineering techniques are generally less costly than structural 

practices and more compatible with natural stream characteristics. 
Roots and rhizomes stabilize streambanks. 
Certain reeds and bulrushes have the capability of improving 

water quality by absorbing certain pollutants such as heavy metals, 
detergents, etc. 

Plants regenerate themselves and adapt to changing natural 
situations, thus offering a distinct economic advantage over mechanical 
stabilization. 

Mechanical materials provide for interim and immediate 
stabilization until vegetation takes over. 

Once established, vegetation can outlast mechanical structures 
and requires little maintenance while regenerating itself. 

Aesthetic benefits and improved wildlife and fisheries habitat. 
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Disadvantages/Problems 
Native plants may not be carried by regular nurseries and may need 

to be collected by hand, or obtained from specialty nurseries. Nurseries 
which carry these plants may require a long lead time for large orders. 

Flow retarding aspects of vegetated waterways need to be taken into 
account. 

Planning Considerations 
Streambanks can be divided into: 

.,. Aquatic plant zones, at the mean low-water level; 

.,. Reed bank zones, covered at bankfull stage; 

.,. Lower riparian zones or open floodway zones naturally covered with 
willows and shrubbery plants; 
.,. Upper riparian areas or flood fringe areas that would naturally be 
covered with canopy-forming trees. 

Aquatic plant zones 
Aquatic plants are often considered weeds and a nuisance, though 

they do slow down streamflow and protect the streambed. Primary 
emphasis of streambank stabilization lies in the bankfull zone. 

Reed bank zone 
The reed bank zone forms a permeable obstacle, slowing down current waves 
by friction. Plant shoots, with a root clump, can be planted in pits at Y2 to 1 
foot depth below water, or in a reed roll. 

Lower riparian zone 
Lower riparian zones often have a natural growth of willow, alder, 

cottonwood, small maples, and various berries. These vegetative types 
can be reintroduced on denuded floodplains to stabilize the soil with their 
roots. In periods of high water, their upper branches reduce the speed of 
the current and thereby the erosive force of water. The most commonly 
used vegetative stabilizer is willow; because of its capability to develop 
secondary roots on cut trunks and to throw up suckers. Willows are 
planted either as individual cuttings bound together in various forms or 
wired together in fascines. 

Slip banks of the lower riparian zone and tidal banks can be stabilized 
with grass. First the bank needs to be graded to a maximum slope of 3: 
1. Topsoil should be conserved for reuse; lime and fertilizer should 
be applied. Coarse grass and beach grass should be planted at the 
water's edge to trap drift sand; and bermuda grass, suitable for periodic 
inundation, should occupy the face of the slope, followed by tall fescue on 
higher ground. 

In the lower riparian zone (open floodway) bank stabilization efforts 
should be concentrated on critical areas only. The stabilizing effect of 
riprap can be supplemented with willows which will bind soil through their 
roots and screen the bank. Banks can be paved with stone (set in sand). 
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