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I. EXECUTIVE SUMMARY

The City of Boston Public Works Department (PWD) is studying the
feasibility of composting food waste along with yard waste and generally
intensifying the use of its composting site in Dorchester. Rick Innes of PWD has
requested this report to evaluate the impacts of this increased activity at the site
and to propose remedial measures.

The City began composting approximately 1000 tons per year of yard waste
at the Dorchester site in 1991. The site is part of the inactive Boston State
Hospital controlled by the Massachusetts Department of Capital Planning and
Operations. Although there are no buildings within 700 feet of the site, the Stony
Brook and an 8.5 acre wetland area are within 100 feet. These sensitive receptors
can be damaged by compost leachate and runoff.

The composting site and operation are subject to solid waste, water
pollution, and wetlands regulations. Compliance with these regulations requires
protecting the wetlands and water quality around the site. Compost operations
generate nutrient-rich runoff and leachate based on the amount and type of
feedstock. The addition of food waste to the PWD’s operation will increase
nutrient discharge therefore, increasing the potential for eutrophication and the
depletion of dissolved oxygen in the surrounding waters.

This report proposes a vegetative buffer system to control nutrient
pollution from the composting operation. Three successive buffer zones, beginning
nearest the compost piles and moving away from the piles and down gradient, will
intercept and filter nutrient runoff before entry into surface water. The plant
species listed for each zone were selected primarily for their high nutrient uptake
abilities.

* Annuals Zone - closest to the composting pad; planted with a combination
of sweet corn, peppers, celery, cucumbers, pumpkins, or asparagus; harvested
frequently and sold as a food crop

* Conifer Zone - bordering Annuals Zone; planted with a combination of
yew, spruce, pine, or fir trees; harvested selectively and sold for landscaping; takes
up nutrients in late fall and early spring when Annuals are less active

* Wetland Zone - bordering Conifer Zone and surface water; planted with a
combination of bulrush, arrowhead, rush, water lilies, or spikerushes; some
harvested and sold for other wetland projects

The proposed vegetative buffer system will reduce nutrient discharge,
thereby satisfying environmental regulations, and improving ecological functions
around the site. Harvesting buffer plants will generate some revenue and remove
nutrients from the site. Moreover, a properly operated and maintained buffer
system can improve water quality over existing conditions.



. INTRODUCTION

Composting municipal yard waste is an ecologically sound way to reduce
landfill inputs and to return nutrients to urban soils. During the process,
however, some of these nutrients can be inadvertently lost to the environment in
ways that are ecologically harmful. The City of Boston Public Works Department
(PWD) began composting yard waste at a site in Dorchester in 1991. Since that
time, PWD has begun to explore composting food waste along with the yard waste.
Rick Innes of the PWD requested that we investigate the use of vegetative buffers,
as a way to remediate the environmental effects of intensified composting
activities, at the Dorchester site.

Our proposal suggests a vegetative buffer to intercept and filter nutrients in
the runoff from the compost piles, prior to entry into nearby waters. The buffer
comprises three zones, each of which is represented by a different plant type. The
proposal discusses site characteristics, the criteria used to develop the buffer
design, and how the buffer zones capture nutrient runoff. The buffer, as designed,
will filter nutrients and restore some of the former ecological functions of the site.
Some of the plants will be harvestable to remove nutrients from the site and to
create economic benefits.

The rationale for this report is supported by research in a wide range of
areas. Some of the information is specific to this particular site, and some is
general information that could be applied to similar projects in other locations.
The report draws on a wide range of government sources to describe the site
characteristics, surrounding land uses, water resources, and applicable regulations.
The report also includes an in-depth discussion of composting and how this activity
can have adverse environmental impacts. Some of the basic chemical processes are
reviewed as part of an explanation of how nutrients interact with other elements
in the environment. Vegetative buffers are also reviewed with a discussion of how
they work to filter nutrients and sediment. Included are examples of how buffers
have been used for similar activities, such as agriculture and wastewater
treatment.

With proper management of the composting activity, and maintenance of
the buffer areas, this site offers the potential to recycle nutrients back to the
environment in a way that has no harmful side effects. This project also offers a
valuable lesson in environmental policy. The filtration abilities of natural systems
can be used in some cases not only to protect the larger environment, but also to
produce additional benefits; ecological improvements and the productive growth of
plants. This proposal suggests that environmental policy should seek not only to
solve problems, but to use the problem-solving process to create opportunities.

This report was prepared by students at the Department of Urban and

Environmental Policy at Tufts University, in coordination with Bruce Fulford of
Biothermal Associates, and the Boston PWD. Most of the material was obtained
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through literature searches and through contact with numerous professionals
working in a variety of fields. The authors wish to thank the many people who
offered information, advice and technical assistance for the development of this
report.

Brian Holdridge
Mike Peterson
Ellen Serrano

May 9, 1994



. OI. PROPOSAL

This proposal recommends that the Boston Public Works Department
construct a vegetative buffer at the Morton Street composting site to mitigate
damage to adjacent water resources. The proposed multi-zoned buffer will
intercept and filter out nutrients in the leachate and runoff from the composting
operation prior to discharge into the brook.

A. Design Objectives

The vegetative buffer was designed to comply with environmental
regulations, provide ecological restoration, and produce some economic benefits.
The buffer zones are located to intercept runoff according to existing drainage
patterns at the site.

There are two main environmental regulatory criteria that the vegetative
buffer address. The buffer’s primary function is to filter and remove nutrients in
compost runoff to protect water quality. The other function of the buffer is to
control the transport of sediment into receiving waterways. * erosion

Beyond the regulatory concerns, this buffer design takes advantage of
opportunities for ecological restoration on the site. The site is a filled wetland,
therefore the reintroduction of various plants species in the buffer restores some
. of the former filtration functions of that wetland. Moreover, the buffer plants

contribute to overall biological diversity by restoring native species and wildlife
habitat.

Economic viability is the final criteria for the buffer design. Different parts
of the buffer will be harvestable for a number purposes. Certain plants will be
grown for food. Horticultural plants will potentially be sold or used by the city for
landscaping. Some plant species may also be useable in other projects to treat
nutrient pollution. In this way, the buffer zone is a productive as well as
protective area.

Harvesting plants from the buffer will also remove nutrients from the site to
maintain the balance of nutrient inputs and outputs. Plants only store nutrients
while they are living. If they remain on the site, when they die and decompose,
the nutrients will eventually escape into receiving waters. Timely removal of
mature compost and plants from the buffer will reduce the concentration of
nutrients on the site.

B. Proposed Buffer Zones
The vegetative buffer will be comprised of three zones that will remove

nutrients from the compost leachate and runoff and maintain or improve the
ecological integrity of the area. These zones are arranged spatially to intercept
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nutrients prior to entry into the storm drainage basin (see Design Map).
1. Annuals Zone

This zone is the part of the buffer that will be located nearest the compost
piles. It will be comprised of vegetable plants selected for their on high nutrient
requirements and on the root profile. Some of the plants will have broad, deep
root systems that when spread out will trap sediment and extract nutrients from a
large subsurface area of the soil. This will require using some of the compost on
the site as a soil amendment to prepare the pad for the plants. Sweet corn,
peppers, celery, cucumbers, pumpkins, and asparagus have high nutrient

requirements and the appropriate root systems (Lorenz and Maynard, 1980). This
zone will be maintained by local urban gardeners.

2. Conifer Zone

This zone will allow for some nutrient uptake late into the fall. It should
be located on the outer edge of the vegetable garden so as not to interfere with
gardening activity in that zone. Yew, spruce, pine, and fir trees are considered
good nutrient "feeders" by nurseries. Harvesting in this zone should be done
selectively leaving many of the plants so as not to disturb the substrate.
Interspersing this zone with winter squash plants will add to the effectiveness of
nutrient uptake. Small trees that are currently growing in this zone should be
preserved to maintain the integrity of the substrate and provide adequate, long-
term nutrient storage. -

3. Wetland Zone

Properly located wetland areas will actively filter the compost runoff or
ground water discharge of leachate prior to entry into the brook. The wetland
zone will be located in the drainage ditches and brook that surround the site.

This zone will accumulate some nutrients in the sediment, and its plants will cycle
other nutrients within themselves.

The drainage ditches will need to be cleared of debris and large rocks, and
slightly widened to allow for the storage of six inches to three feet of water,
optimal conditions for shallow emergent marsh. The bank will require terracing so
that it more closely imitates a natural stream bank. The restored bank will then
filter runoff from the compost piles, and some of the storm water from upstream.

The plants suggested are native, non-invasive species. Two native species
that are effective for nutrient removal are bulrush (Scirpus americanus), and
arrowhead (Sagittaria latifolia). Rush (Juncus) and water lilies (Nyphaea odorata)
are also recommended for their effectiveness in taking up nitrogen and are native
to the area. Spikerushes (Eleocharis) tolerate reasonably long dry periods and
could be used on the drier, terraced bank where facultative species may be
required. It may also be advantageous to use the wetland buffer zone as a nursery
for some rare species that could be harvested and relocated to other wetland
restoration site (Luttenberg et al., 1993).



C. Recommendations

Proper site management is an integral part of successful functioning of the
buffer system and the composting operation as a whole. This includes allocating
sufficient staff time and training, adequate equipment and tools, and management
oversight. Composting operations must be carried out in a manner that does not
infringe on the proposed buffer areas. Engineered buffer systems require ongoing
maintenance as well as timely and responsible harvesting of buffer plants and the
addition of soil amendments. Poorly maintained buffers will not be effective or
productive.



IV. SITE EVALUATION

This section provides basic information on the operations, characteristics,
and surroundings of the City of Boston’s Composting area in Dorchester. Site
specific data are the basis of the proposed mitigation plan, the general
identification of potential problems, and areas or activities that may be subject to
various state environmental regulations. '

A. Location

Boston’s Dorchester yard waste composting site is located south of Franklin
Park along the northern edge of the Boston State Hospital property. The site is
bounded by American Legion Highway to the north, Morton Street to the east, the
Stony Brook to the south, and Myerson Road to the west. The main entrance is
off of American Legion Highway and Myerson Road (see Water Resources & Locus
Map).

B. Site Characteristics

The Boston State Hospital property, including the composting site, is owned
by the State of Massachusetts and controlled by the Department of Capital
Planning and Operations (DCPO), Office of Real Estate Management.

The composting site is approximately 850 feet long and 135 to 275 feet
wide. Although basically flat, two drainage ditches run north to south across the
site some eight to ten feet below grade and discharge to the brook. A gravel road
extends the length of the site with culvert crossings of Ditch #1 near the east side
of the site and Ditch #2 at the western end (see Site Map).

U.S. Geologic Survey maps from 1943 show the entire site as low land at
the same elevations as the current wetland across the brook. The area of the
composting site was probably filled by the Metropolitan District Commission in the
1950’s or 1960’s during the construction of the Dorchester water supply tunnel
now maintained by the Massachusetts Water Resources Authority. The fill
material of gravel and rock fragments drains the site effectively (Innes, 1994). The
edges of the site are covered with light brush and young trees surviving in six
inches or less of top soil.

C. Operational History

The City of Boston, Public Work Department (PWD), filed a Compost Site
Registration Form in the fall 1991 to the Department of Environmental Protection
(DEP), Division of Solid Waste Management. In the form the City proposed to
compost approximately 1000 tons per year of yard waste from the PWD and Parks
Department. Following DEP’s approval, the PWD removed illegally dumped solid
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waste material and erected a double stacked row of haybales for erosion control
per the request of the Boston Conservation Commission. The City commenced
operation of the site in October 1991 and has continued at the 1000 tons per year
level to the present. '

City trucks deliver yard waste to the site and heavy equipment, supplied
primarily by the Parks Department, form and turn the windrows (composting
piles). There are no buildings or equipment on site. Community gardeners, the
Parks Department and the PWD are the end users of the mature compost
produced at this site.

D. Surrounding Land Uses

The composting site is part of the grounds of Boston State Hospital. The
land was assembled from two farms in the 1880’s by the City of Boston for a
mental institution. In 1908, the City sold the 153 acres of land and the institution
to the state. The in-patient population at the hospital peaked in the early 1950’s
at 3,100 and dropped dramatically in the 1960’s to under 400. Since the hospital’s
closure in 1980, the state and a citizens advisory committee have been working on
plans to reuse or redevelop the site (Boston State Hospital Citizens Advisory
Committee, 1987).

The nearest building to the composting site is the unoccupied Myerson Lab
building over 700 feet away. Although future redevelopment plans call for
commercial and residential uses between 700 and 800 feet from the site, set-backs
from Stony Brook, wetlands, and the 100 year flood plain will continue to provide
the site with a substantial buffer (DCPO, 1993). The only nearby non-State
Hospital land uses are to the north. First, the four-lane American Legion Highway
and across that roadway the Franklin Park Zoo Parking Lot. This under-utilized
parking lot was built by the Metropolitan District Commission in the late 1980’s
(Volpe, 1994).

At least since its closure, the deteriorating and vandalized State Hospital
has been a burden on the surrounding minority community. The City’s
composting operation should not interfere with the long awaited beneficial reuse of
the hospital property. Moreover, the PWD should continue its efforts to involve
this community in the composting plans and operations, to keep this project from
becoming or being perceived as another unwanted facility.

E. Surface Water

On-site surface water includes the Stony Brook to the south and various
storm water drains. The storm water falls into three categories, run-on, run-off
and run-through, allowing for a distinction between the entire site and the

composting pad. (see Site Map)

Run-On. From various maps and visual inspection (during heavy snow melt) there
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is virtually no run-on to the compost pad itself. A small amount may enter from
Myerson Road, but this is a considerable distance from any of the active compost
piles. There is some run-on from the small knoll between the site and American
Legion Highway.

Run-off. Although basically flat, the site tilts slightly away from with brook. The
center of the site is the highest point from observation and the Boston Water &
Sewer Commission maps. The eastern half of the site drains toward Ditch #2.
The northwestern section tends to pond at the base of the knoll and may drain
into the ravine between the composting pad and the base of American Legion
Highway. This ravine leads to the head of Ditch #2. The west /southwest section
of the site seems to drain into Ditch #1 (see Site Map). Overall, site run-off is low
due to the rock fill of the area.

Run-through. There is a considerable amount of water that runs-through the site
via the two drainage ditches. From visual inspection, Ditch #1 is fed by at least
two catch basins on American Legion Highway. According to the City’s wastewater
maps, Ditch #2 drains the southeast portion of the Forest Hills Cemetery and the
adjacent portion of Morton Street about 1/4 of a mile from the site. This ditch
ends at the brook with a culvert through a low dike.

Stony Brook is classified by the Boston Water and Sewer Commission as a
storm drain. This surface brook begins at the outfall of the Canterbury Brook
Conduit (also a storm drain classification) approximately 1/3 of a mile from the
site and runs westerly (see Water Resources & Locus Map). The water is dark
brown in color with a shade of green, and has some petroleum products on the
surface; there is some litter on the stream banks as well. At the observed high-
flow period, the brook averaged 13 feet in width with a depth of two to five feet.
At a lower flow period, the brook was slight narrower and ranged in depth from
less than a foot to three feet. The brook has riprap banking topped with an
accumulation of mud and roots. During high water the riprap banking is not
visible.

Approximately 3/4 of a mile downstream of the site, the brook disappears
underground near the junction of Starbird Avenue and American Legion Highway.
This storm drain soon merges with one of the branches of the Stony Brook
Conduit. Just west of Hyde Park Avenue near the interséection with Walk Hill
Street, this conduit merges with a sanitary sewer and becomes the Stony Brook
Interceptor. This combined sewer is treated at Deer Island and discharged (Boston
Water & Sewer, 1985).

F. Wetlands

Based on orthophoto maps taken in 1990 for DEP’s Division of Wetlands
and Waterways, there are four wetland areas associated with the site. The largest
area is immediately across the brook and three smaller areas are located
downstream. (see Water Resources & Locus Map)



The nearest wetland area covers approximately 8.5 acres, the majority of
which is shallow marsh, meadow or fen. The northwest 1.2 acres and the
southern 1.2 acres are shrub swamp. The map indicates a narrow strip of high
ground separating the brook banking and the wetland except for a 50 foot span
immediately upstream across from Ditch #2. Site investigation revealed that
there is no break in the riprap but there is little or no high ground behind the
banking. Washed-up trash in this area indicates that flood waters enter the
wetlands through this route.

This wetland area is one of the largest in the vicinity and under
considerable strain from various contaminant sources. Beyond the storm water
that runs in the brook, at least two storm drains empty into the wetlands from
Boston State Hospital grounds. There is also evidence of past filling of the
wetlands with brush and stumps off University Road. In addition, an old pile of
metal furniture and drums was observed at the edge of the wetlands off Myerson
Road. (see Water Resources & Locus Map)

About 1,000 feet downstream of the site is a 0.25 acre deciduous wooded
swamp wetland and 500 feet further down is another 0.87 acres wetland of the
same type. The final wetland is across American Legion Highway from the 0.87
acre area and is a shallow marsh, meadow or fen of about 0.5 acres. However, the
orthophoto map does not make an explicit connection with the brook.

G. Permits and Spills

In July 1990, the Boston Conservation Commission granted the
Massachusetts Water Resources Authority a wetlands permit (#6-427) for work
around the brook. The Special Conditions of the permit required haybales or silt
fencing to prevent erosion.

According to a DEP Oil and Hazardous Materials Spill/Release Incident
Report (N91-186), on February 9, 1991, a car struck a Boston Edison pole at the
intersection of American Legion Highway and Morton Street spilling 25 gallons of
transformer oil on the street. Clean Harbors, Inc. performed the clean-up and
DEP confirmed this on February 11, 1991.

A site visit revealed some evidence of a past spill in Ditch #2. A partially
deployed spill boom and petroleum products float on the top of the water near a
mysterious dike and culvert at the end of the ditch. At the top of the banking on
the east side of the ditch is a torn plastic bag containing some used absorbent
packs and another bag with some unused absorbent packs.

H. Discussion of State Environmental Regulations
The City’s composting operation is subject to three primary sets of state

environmental regulations administered by the Department of Environmental
Protection (DEP). The first set of regulations pertain to solid waste. Although
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the current solid waste regulations for yard waste facilities are minimal,
requirements for food waste composting are extensive. However, the DEP Division
of Solid Waste is developing new compost facility regulations that aim to raise the
standards for all compost operations while not discouraging food waste composting.
The new regulations are set for promulgation in the fall of 1994.

The second set of regulations pertains to water pollution control. These
regulations apply to surface and ground water quality, discharge requirements, and
sewer connections. A definitive statement of applicability is difficult because the
site and its operations do not fit easily into the regulatory categories. The gray
area extends to whether an outdoor composting operation may be a point or
nonpoint source and to the significance of water quality of the brook and the fact
that it is treated.

In contrast, the third set of regulations that govern wetlands and
waterways, is clearly applicable. Primarily these regulations require a 100 foot
buffer zone around all wetlands and waterways (see Site Map). The buffer zone
cannot be altered without explicit permission from the local conservation
commission. (For further discussion of the regulations, see the Appendix.)

I. Proposal Rationale

Although the applicable regulations do establish a baseline for protecting
the natural resources identified on and around the site, these rules provide little
incentive to improve the status quo. To compensate for this shortcoming, our
vegetative buffer proposal is not driven solely by the regulations. We assert the
principle that environmental mitigation in urban areas is an opportunity to make
net improvements in the environment and not simply a process to avoid additional
harm.

In this case, the performance of the nutrient buffer for the compost runoff
and leachate should result in some improvement in the water quality in the brook,
which would ease the strain on the wetlands and reduce overall nutrient discharge
to Boston Harbor. Although the brook’s input to the Deer Island treatment works
may be small, the facility does not have the capacity to remove nutrients from
wastewater. A properly designed and operated buffer system should also satisfy
the solid waste, wetlands and wastewater regulations, and protect the operation
from the long-term possibility of the separation of the storm water system from
the sewer. '
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V. COMPOSTING YARD AND FOOD WASTE

A. General Information

Composting is the decomposition of organic matter that occurs
independently in nature, but can also be controlled by humans. Whether in
nature or in urban settings, the process is the same: microorganisms consume the
organic material, modifying and reducing it until enough of the organic matter is
stabilized and can be used as a nutrient-enhancing amendment to soil.

Whether it is applied to small vegetable and flower gardens, or large farm
fields, compost is a valuable soil amendment. Compost utility derives from a large
content of mineralized nutrients in the form that is compatible with plants.
Compost also has high water retention capacity.

Composting, thus, saves landfill space, and provides a useful soil
amendment. Advocates of composting sometimes incorrectly assume that the
composting process is environmentally benign. Without proper management, large
concentrations of decomposing organic matter can adversely impact surface and
ground water quality.

B. Leachate

Leachate is any liquid that has percolated through solid waste, and has
extracted, dissolved, or suspended materials in it (Wirth, 1989). Since leachate
usually contains contaminants, its entry into ground and surface waters must be
monitored and contained. Composting sites that lack a proper buffer between the
composting activity and receiving waters are ill-suited for their purpose.

C. Leachate Determinants

The amount of leachate generated is influenced in part by a compost pile’s
water content. Studies indicate that microbial activity is optimal when there is a
proper balance between a compost pile’s air and water content. Optimal
decomposition prevails when the water content of the pile is in the range of forty
to sixty percent. Water content in excess of sixty percent increases the
runoff/leachate potential of a composting pile during periods of rainfall. The
shape of a compost pile also influences leachate generation. Compost piles that
are flat or concave on top are more likely to retain water, while piles with a convex
or peaked shape are more likely to shed water, especially in periods of heavy rain
(Rymshaw et al., 1992).

D. Chemical Composition of Leachate: Nitrogen

Yard and food waste contain a large amount of nitrogen which is necessary
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for microorganisms to carry out the decomposition process. Although nitrogen is
essential to all life, in large concentrations, such as at a composting site, it can be
problematic. Since nitrogen is water-soluble, water is its main mode of transport
(Horsely Witten & Hegemann, 1990). Within the soil system, nitrate (NO3-) is
especially susceptible to water transport because the anion is not easily absorbed
by soil colloids (Haynes, 1986). Nitrogen-rich water that leaches through a
compost pile needs to be intercepted before it washes into surface and sub-surface
waters.

As decomposition progresses, and nitrification (conversion of ammonia to
nitrates) occurs, the compost pile is characterized by increased nitrogen
mineralization levels. Mature compost can contain up to fifty percent mineralized
nitrogen (Wirth, 1989). Consequently, leachate from a more mature compost pile
is predominately nitrate (NO3-)(Rymshaw et al., 1992). If the compost pile is
uncured, the material’s nitrogen is still organic or unmineralized, and is dominated
by ammonia (NH4+). Ammonia is largely insoluble in water and is therefore
unlikely to be leached. Soils, which are predominately negatively charged, are able
to attract and hold positively-charged cations, such as ammonia (Haynes, 1986).
Therefore, ammonia mainly travels via the sediment to which it is attached. Any
ammonia that does dissolve in water is rapidly converted to nitrate when the
leachate is exposed to air (Rymshaw et al., 1992).

Nitrogen can be transported from soils into ground and surface waters by
leaching, erosion, and runoff. In general, any downward movement of water
through the soil profile causes nitrate (NO3-) to leach because soils have a low
capacity to retain these anions (Pierzynski et al, 1994). Microbial assimilation and
denitrification reduce nitrate levels as water passes through the soil, but for large
concentrations, these processes have a limited effect and are difficult to control
(Rymshaw et al., 1992). Ground water’s limited self-purification capabilities
explain why nutrient-rich leachate is a prime candidate for ground water
contamination.

E. Impacts of Nitrogen-rich Leachate

Although nitrogen is essential to humans and plants, it can create a number
of potentially serious health and environmental problems. Drinking water with
high levels of nitrates has been linked to various health problems such as
methemoglobinemia ("blue-baby syndrome"). Certain nitrogen compounds have
also been found to form carcinogens (Horsely Witten & Hegemann, 1991).
Although documented cases of methemoglobinemia are rare, and carcinogenicity
not yet fully proven, the U.S. Environmental Protection Agency has established a
maximum contaminant level of 10mg N/L (45mg NO3-/L) to protect the safety of
drinking water supplies (Pierzysnki et al., 1994).

Excess nitrates discharged into natural waters can accelerate the growth of
algae and other water plants, a process called eutrophication. Algal growth is
responsive to the amounts and availability of nutrients, and when these nutrients
are present in abundance, algal blooms may occur. Concentrations of 0.5-1.0 mg
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N/L are generally used as water threshold values for eutrophication to occur
(Pierzynski et al., 1994). Eutrophication depletes a water body’s dissolved oxygen
content; without adequate oxygen in the water, marine life in the water body will
suffocate. Large discharges of nitrogen can also increase the turbidity of the
receiving water.

F. Controlling Nitrogen-rich Leachate: Optimal C:N Ratio

The most widely-used and effective tool used to control nitrate content in
compost leachate is to maintain an appropriate carbon (abundant in leaves) to
nitrogen (abundant in grass) ratio. Studies recommend that raw materials be
mixed to a 30:1 carbon to nitrogen ratio to minimize the opportunity for nutrient
runoff (Woods End Research Laboratory et al., 1992).

Nitrogen leaching conditions prevail on sites with incorrect mix ratios
(Woods End et al., 1992). When there is a high proportion of grass (a low C:N
ratio), nitrogen tends to leave the composting system as both ammonia (odors) and
nitrate (water pollution). In a nitrogen-limited system (a high C:N ratio),
microorganisms more efficiently assimilate the nitrogen compounds in the
compost, thus limiting the pollution threat (Rymshaw et al.,, 1992).
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V1. VEGETATIVE BUFFER

A. Introduction

The use of vegetative buffers is drawing increased attention in a variety of
fields. Although the scientific principles at work for vegetative buffers may vary,
water quality is the common denominator. Fields which employ the use of
vegetative buffers include:

Agriculture - erosion control, reduction of nitrogen loss from soil,
water quality protection and improvement

Ecological Restoration - reintroduction of species, provision and
protection of habitat, water quality improvement,
maintenance of natural chemical and biological processes

Wastewater Treatment - removal of sediments, solids, nutrients, and
pollutants from industrial, municipal, and commercial waste
water

Wetlands Protection - filtration of nutrients, sediment
and pollutants prior to entry into wetlands provides habitat
protection and coastal water protection

Much of the information from these fields outlines various design features-

of vegetative buffers that have uniform application.

B. Vegetation, Water-Soil Relation

Water that reaches the soil travels in two directions: downward into the
ground, or laterally across it (Colman, 1953). Which direction it takes depends
largely upon the following physical parameters (Colman, 1953):

* Rate of delivery to the surface

* Slope gradient

* Rate at which the soil can absorb the water (called soil hydraulic
conductivity).

The directional flow of water is influenced by geologic soil conditions. If
the surface is permeable sand or gravel, the water is more apt to enter the ground.
If the soil is clay or silt, there is little infiltration and runoff occurs (Horsely
Witten & Hegemann, 1990). Surface runoff also can also occur on water-saturated
soils, or whenever the rain falls at a rate that exceeds the ability of the soil to
absorb it.

Vegetative circumstances play a key role in this hydrological process.
Vegetation detains much of the water that would otherwise flow over the ground
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surface. The longer that water remains in detention, the smaller is the
opportunity for water to carry sediment and nutrients to receiving waters. Equally
important, vegetation also provides the opportunity for pollutants in the water to
be filtered out and stored.

C. Nitrogen Removal

Once a substance enters an ecosystem, it may be "stored, altered by
chemical or biological actions, or discharged" (Moshiri, 1993). Various "substances”
are constantly being removed from the soil, water, and atmosphere through uptake
by vegetation. In this way, vegetation can be thought of as a "store" for these
substances.

Nitrogen is the nutrient needed in greatest quantities by most plants.
Nitrogen plays a central role in the production of amino acids, proteins, and
chlorophyll (Haynes, 1986). The nitrogen content of plant material varies from
0.1-6.0 percent depending on plant part, age, and species.

Microorganisms make nitrogen available to plants either by fixing it from
the air or by releasing it through the decomposition of soil organic matter
(Cleveland and Soleri, 1991). Almost all nutrients absorbed by plants are in the
inorganic form. Organic forms of nitrogen in soil solution must be mineralized to
the inorganic form before they can are compatible with a plant root’s uptake
system (Barber, 1984). Plants require the inorganic form of nitrogen, which in soil
occurs mainly as ammonium (NH4+) and nitrate (NO3-). Interestingly, 97-99% of
the total pool of nitrogen in the soil is present in the organic form that is
incompatible with plant uptake mechanisms (Haynes, 1986).

Plants can absorb ammonium (NH4+) directly from the soil solution.
Under most soil conditions, however, the ammonium ion (NH4+) is quickly
nitrified to nitrate (NO3-) (Haynes, 1986). Nitrification is the aerobic microbial
conversion of NH4+ into nitrite (NO2-) and then nitrate (NO3-) (Pierzynski et al,,
1994). Nitrate is the preferred form of nitrogen available to plants (Haynes, 1986).
Any nitrate that is not used/reduced by plants or microorganisms is lost from the
soil substrate by denitrification, leaching, or erosion/runoff (Pierzynski et al.,
1994).

Vegetation obviously plays an important role in the mitigation of nitrogen
entering ground and surface water bodies. The rate of uptake of nitrogen by
plants is dependent upon the rate of nutrient supply and a plant’s uptake potential
(Mooney et al.,, 1991). The rate of nutrient supply is determined by the rate of
mineralization of the organic matter nitrogen. A plant’s nutrient uptake capacity
is determined by:

Root Surface Area - the larger the area of root surface, the greater
the potential for the uptake of nutrients (Mooney et al.,
1991).

Temperature - lower temperatures reduce the plant’s capacity to
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take up nutrients (Barber, 1984).

Plant Age - as a plant becomes older, its uptake capacity decreases
(Barber, 1984).

Light Availability - low light availability affects root growth, reducing
the potential of the roots to absorb nutrients (Mooney et al,
1991).

Water Stress - water-unstressed roots have a greater potential for
nutrient uptake (Mooney et al., 1991).

Soil pH - more acidic soil decreases a plant’s uptake capacity.

Heavy Metals in Soil - restrict growth and, consequently, nutrient
demand (Mooney et al., 1991).

The rate of root growth and the size of root radius are considered the two
most sensitive parameters in determining nutrient uptake (Barber, 1984). This is
because plants absorb most of the water and minerals they need through the root
bairs. (Cleveland and Soleri, 1991). The bulk of nutrients is acquired from the soil
particles immediately adjacent to the surface of the root, in an area called the
rhizosphere.

D. Use of Vegetative Buffer Systems in Agriculture

A variety of processes cycle nutrients within the environment. The
biological uptake of nutrients by plants, microbial breakdown of organic matter,
and physical filtration by plants and soil can all be damaged by human activity.
Vegetative buffers can be constructed to restore the process of nutrient cycling
and an increasing number of agricultural operations employ buffer systems for this
purpose. Many of the characteristics of agricultural buffer systems have
application to the specific situation at the composting facility. Bands of plants can
be situated between cropland and animal production facilities, and receiving
waters. The purpose of these bands is to:

Provide Erosion Control
Filter Nutrients

Trap Sediment

Collect Organics

Break Down Pathogens
Trap Pesticides

* X %X ¥ ¥ ¥

Runoff from agriculture is a major source of sediment and nutrient loading
into the Chesapeake Bay drainage basin. A program was implemented using a
vegetative buffer system to remediate agricultural runoff. Some of the guidelines
for the Chesapeake Bay program are specified by the Virginia Division of Soil and
Water Conservation (Dillaha, 1989):

* Vegetative buffers must be installed within 30 meters of a

live or intermittent waterway.
* Vegetative buffers must average 6 meters in width with a
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minimum width of 3 meters.

* Vegetative buffers of 3 meters are acceptable if slope is less than 2
percent.

* Vegetative buffers must be designed to filter sheet flow.

These criteria highlight several key considerations for a buffer design plan:
buffer width, the slope of the land, the distance between runoff and the buffer,
and the flow dynamics of the runoff.

One of the most important aspects of agricultural buffers is the distance
between the runoff source and receiving waters. It is this distance that allows for
the microbial breakdown of nutrients to occur. The greater the distance that
runoff flows over the soil, the greater the potential for the buffer to treat the
runoff. If the buffer is confined to a small area, a pump may be required to cycle
the runoff through the buffer more than once.

Another aspect of buffer design that relates to width is the slope of the soil
surface. A flatter slope results in slower runoff velocity. The increased time that
runoff is acted on by soil microbes contributes to greater amounts of nutrient
breakdown. Consequently, a flatter slope requires a narrower buffer.

Runoff into the buffer should be shallow and uniform for optimal filtering
results. Channelized or concentrated flow allows runoff to pass more rapidly
through the buffer, significantly reducing its effectiveness. Buffer design may
require manipulating the soil surface in relation to the buffer to allow for uniform
infiltration of runoff.

Vegetative buffer systems used in agriculture are typically designed to
incorporate grasses and legumes. The selection of a suitable plant species is
dictated by local soil and climatic conditions. Agricultural systems employ grasses
because they are an inexpensive yet effective physical filter system. This type of
filter, however, is less effective in removing nutrients from runoff (Dillaha, 1988).
In addition, a grass buffer does not provide an economic value.

Agricultural systems offer information about variables that enter the design
of a composting facility buffer system. The practice of adding nitrogen .to
agricultural soils in the form of fertilizers, sewage, animal and food processing
wastes increases crop yields, but may also contribute to the leaching of nitrogen to
water sources (Smithe and Peterson, 1982). More efficient uptake of nitrogen by
crops has been achieved when material has been applied incrementally (Jackson et
al., 1987). Plant nutrient requirements vary throughout the growing season. If
excessive amounts of fertilizers are applied once during the season, some of the
nitrogen in the soil eventually leaches during periods of rainfall, or at times when
nutrient requirements of the crop species are low. This suggests that a source of
nitrogen that is applied at regular intervals, as is the case of leaching compost
piles, is utilized more efficiently by plants. In conclusion, a combination of plant
species that have varying nutrient requirements throughout the year clearly
provides for the most effective filtration of the leachate.

18



There are drawbacks to the agricultural application of animal and food
processing wastes:

* Low in nitrogen concentration relative to commercial fertilizer

* Variable in composition and quality

* Require extended time for nitrogen to be mineralized; thus, nitrogen
availability may be out of phase with the high rate of nitrogen
uptake by a rapidlygrowing crop

These aspects of nitrogen use are considered disadvantages in normal
agricultural practices. However, when considered in relation to runoff from
compost piles, they can be used advantageously to grow plants in the buffer zone.
Proper mixing of compost materials will create a high- quality compost providing
the nutrients for productive plant growth. Moreover, there is no necessary
*handling" of the nutrient source, as nitrogen in runoff will naturally fertilize the
buffer plants. Thus, the plant’s nutrient requirements are continually being met
during every period of rain.

E. Wetlands as Buffers

Standing alone, wetlands are natural buffer zones that control non-point
source pollution, preserve the aesthetic quality of natural features, and protect
habitat and other resources for wildlife (Brady and Buchsbaum, 1989). It has been
well-documented that wetlands act as natural filters of sediment, nutrients and
pollution (Johnston, 1991). Wetlands immobilize and remove nutrients from the
wetland water through sedimentation, denitrification, and the storage of nutrients
in the cell structures of plants and organisms. As wetlands are filled for
development purposes, and as streams are channelized (as is the case of Stony
Brook and the compost facility), this filtration process is impeded.

Many waste recovery and recycling systems employ aquatic plants to
stabilize the waste and convert nutrients. Aquatic plants provide bacteria in the
soil and water with an aerobic environment conducive to stabilizing and converting
water- and soil-borne nutrients.

There is a strong association between plants and microorganisms in the
water-soil environment of wetland systems. A wetland plant receives most of its
nutrients from the soil rather than the overlying surface water (Moshiri, 1993). As
with terrestrial plants, wetland plants rely on soil microorganisms to reduce the
nutrients in soil to make them available for uptake. As the wetland system
substrate, itself, is an anaerobic environment, the aboveground portion of the plant
must deliver oxygen from the air to the roots. The radial oxygen loss from the
root structure supplies oxygen to the bacteria in the soil medium (Moshiri, 1993).
Soil microorganisms use this oxygen to modify soil nutrients. A dense stand of
wetland vegetation can provide a large surface area within the water and soil
column for microbial activity.

All aquatic plants have a high water content, usually in the range of 85-95
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percent (Polprasert, 1989). Studies show that an aquatic plant’s nutrient content
increases in proportion to an increase in the nutrient concentration of the
surrounding water (Polprasert, 1989). Various studies also claim that the
proportion of nutrient removal is lower at high loading rates and higher at low
loading rates. This makes aquatic species ideal to buffer the low, but constant,
runoff from composting sites.

Wetland plants have mechanisms to control the flow of nutrients that enter
and leave the wetland system. Various wetland plants often possess internal
cycling systems; nutrients contained in the green shoots during the spring and
summer may be translocated below ground for storage during the winter, and then
cycled back above ground for use the following spring (Hemond, 1988). This
internal cycling reduces the release of nutrients to the water.

There are other processes by which wetland plants promote a balance of
nutrients. Aquatic plants continually incorporate nutrients into their plant cells
until they are fully grown. When the plant dies, the leaves and stalks fall as litter
into the bed where they will slowly break down and return to the system (Moshiri,
1993). Any nutrients that are leached to the soil when this occurs are taken up
when new growth takes over, and equilibrium is maintained. However, plant litter
may also be deposited into the surrounding surface water, where they are
susceptible to further dispersal (Moshiri, 1993).

Nitrogen can be removed from wetland water via the following mechanisms
(Polprasert, 1989):

* Bacterial Nitrification and Denitrification
* Volatilization of Ammonia
* Uptake by Plants and Subsequent Harvesting

Of these, bacterial nitrification and denitrification have the greatest
nitrogen removal potential (Polprasert, 1989). Research has shown that biological
denitrification in wetlands can convert over 90% of the nitrate to gaseous nitrous
oxide and nitrogen gas which is lost to the atmosphere (Bartlett et al,, 1979). The
rate of denitrification depends on (Polprasert, 1989):

* Metabolic Activity of the Bacteria

* Effective Surface Area of the Bottom Sediments

* Potential for the Produced N2 to Escape to the Atmosphere Rather than
be Fixed by Overlying Water or Vegetation

Constructed wetlands were used at a municipal solid waste landfill near
Ithaca, New York to test the efficiency of leachate treatment (Surface, 1993). Like
compost leachate, landfill leachate contains high levels of ammonia. Some of the
study’s results are as follows:

* Concentration of NH4+ and BOD Decreased 65-70 percent
* Total Leachate Volume Decreased
* Little Maintenance or Management Required
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* Leachate Evapotranspiration Increased as Plant Stems Grew
* Phragmites Australis (Common Reed) is Effective in Nutrient Removal

Leachate residence time in the wetland was fifteen days. The residence
time is critical in allowing for maximum removal of nutrients. Again, cycling the
nutrients repeatedly through a buffer system would lengthen the residence time of
the leachate in the system and potentially achieve similar results. The Ithaca
study also concluded that there is a decline in nutrient loading during the winter.
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VII. VEGETATIVE BUFFER DESIGN CONSIDERATIONS

A. Soils, Slope, and Drainage

Large-scale compost facilities located close to sensitive water resources
require leachate runoff treatment or control. Water quality protection relating to
composting activities can be accomplished through a combination of proper site
design, operation, and runoff management (Rymshaw et al., 1993).

Soil type is an important variable to the site design proposal. If the soils
are impermeable, groundwater is protected from possible nitrate pollution.
However, runoff is maximized, increasing the nutrient threat to surface water.
Highly permeable soils, on the other hand, reduce the runoff threat but may allow
excessive nitrate infiltration to ground water.

Surface diversion should be employed wherever possible to prevent run-on
to the site (Rymshaw et al., 1992). Surface drainage systems need to divert uphill
water away from the site. Diversion ditches and berms, which divert the run-on
water around the site, will minimize the runoff which needs to be managed
(Richard, 1990).

B. Buffer Design Criteria

Situated between the compost operations and receiving surface and ground
waters, the vegetative buffer offers the primary defense against water pollution.
Vegetation minimizes pollutant migration by slowing the motion of runoff water
and filtering pollutant particles. In addition to removing wastewater nutrients via
uptake, a suitable plant species can reduce erosion, provide support media for
microorganisms, and produce revenue where markets for the plant exist
(Polprasert, 1989).

The proposed buffer addresses the following criteria:

* Compliance with existing environmental regulations: Nutrient removal
and sediment and erosion control

* Restoration of ecological integrity: Avoidance of invasive plant species,
species diversity, habitat corridors

* Provision for continued revenue

C. Buffer Zones

The proposal utilizes three zones, each serving different purposes. The
zones are arranged spatially to intercept nutrients prior to entry into the storm
water drainage basin. Each zone provides a different function with regard to
nutrient uptake:
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*  Annuals zone that will be highly productive from spring into summer,
the most effective period of nutrient removal. This zone will be
harvested, reducing the filtration capacity of the buffer.

* Conifer zone that will take up some nutrients during periods of low
growth in the other zones (fall), and after plants have been
harvested in other zones.

* Zone of wetland plants that will filter nutrients most effectively from
spring until fall. This zone will never be completely harvested so
that the buffer will provide continuous filtration.

1. Annuals Zone

Nutrient uptake capacity is the main criteria for the selection of vegetable
plant species in the Annuals Zone. Some vegetable crops are more efficient than
others in removing inorganic nitrogen from soils. Data on nutrient uptake rates
for certain vegetable crops are given in the table on the following page.

It is important to consider the shape and extent of the plant species’ root
system. Some vegetables that require high amounts of nutrients, such as broccoli,
have a ball root system rather than branching out to extract high amounts of
nutrients for growth. Sweet corn is an example of a plant species that possesses a
broad root profile. Although individual corn plants are planted two to three feet
apart, their roots will grow across the separation and take up nutrients from a
large area in the soil substrate. :

2. Conifer ane

The Conifer Zone will take up nutrients late into the fall when the uptake
capacity of Annuals Zone will at its lowest. Various horticulturalists suggest yew,
spruce, pine, and fir trees as perennial species with the capacity to take up
nutrients, while providing some economic returns. Conifer species’ broad root
structure enable the species to take up nutrients as well as intercept sediment
runoff, When not harvested conifers provide a long period of storage for nutrients.

3. Wetland Zone

Wetlands are well known for their excellent filtration capabilities and
therefore have received widespread use for many wastewater treatment operations.
The wetland zone is the most effective in nutrient removal and is spatially located
as the final filtration barrier.

There are three types of wetland plants: submerged, floating, and emergent
types. While all three types are good at taking up nutrients, emergent plants are
most relevant to the site design proposal. Emergent types typically grow in
shallow water that is six inches to three feet deep, appropriate parameters for the
wetland zone of the buffer.
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1. Annuals Zone

APPROXIMATE ABSORPTION OF : APPROXIMATE ABSORPTION OF NUTRIENTS
NUTRIENTS BY SOME VEGETABLE CROPS BY SOME VEGETABLE CROPS—Continued
Yield Nutrient Absorption (lb/acre) Yield Nutrient Absorption (lb/acre)
Vegetable (cwt/acre) N P K Vegetable (cwt/acre) N P K
Broccoli 100 heads 20 2 45 Peppers 225 fruits 45 6 50
Other 145 8 165 Plants 95 5 920
165 10 210 . 140 12 140
Brussels sprouts 160 sprouts 150 20 125 Peas, shelled 40 peas 100 ‘10 30
Other 85 9 110 Vines _10 12 50
235 29 235 170 22 80
Cantaloupes 225 fruits 95 17 120 Potatoes 400 tubers 150 19 200
Vines 60 8 35 - Vines _60 11 15
155 25 155 : 210 30 C 275
Carrots 500 roots 80 20 200 Snap beans 100 beans 120 10 55
Tops 65 5 145 ’ Plants _50 8 _45
145 25 345 170 16 100
Celery 1000 tops 170 - 35 380 Spinach 200 plants 100 12 100
Root '
oot 1?2)_55_ %% 74%% . Sweet corn 130 ears 55 8 30
| Plants 100 12 15
Honeydew melons 290 fruits 70 8 65 155 20 105
Vine; %-g—g- % i% Sweet potatoes 300 roots 80 16 160
Vines 60 4 _40
Lettuce 350 plants 95 12 170 140 . 20 200
Tomatoes -600 fruits 100 10 180
Onions 400 bulbs 110 20 110 Vines 80 11 100
Tops 35 5 _45 : 180 21 280
145 25 155

(Lorenz and Maynard, 1980, pp. 100-101)
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The following wetland plants are recommended for nutrient removal, and
are native to the area: arrowhead (sagittaria latifolia), bulrush (scirpus), rush
(juncus), and sedgegrasses (cavex). Water lily (Nyphaea odorata), a floating plant,
is also effective at filtering nutrients. Of these species, cattail (Typha) and
common reed (Phragmitis communis) are the most common plants used for
nutrient uptake. They have been rejected on some projects because they out-
compete other plants (Hammer, 1989). Their tall height causes them to shade out
shorter species. Purple loosestrife is another invasive species that should be
avoided (Luttenberg et al.,, 1993). The use of invasive plants reduces overall
diversity and is not recommended for the wetland buffer zone.

D. Recommendations for Further Study

Although research has revealed the wide range of circumstances in which
vegetative buffers have been employed, many questions remain about the effects of
nitrogen-rich water on living organisms. Little is known about the human health
risks of excess nitrates in the drinking water supply. Similarly, little is understood
about the health risks associated with the ingestion of nitrogen-rich vegetables.
Since this proposal suggests harvesting plants for eventual consumption, further
study is required to understand the effects of nutrient-rich plants on human
health.

The buffer system also provides the opportunity to collect data on the
response of plant systems to a high amount of nitrates. While plants which have
accumulated large concentrations of nitrogen exhibit a deep green color, this is not
always indicative good plant health. Some studies, for example, find that excess
nitrogen limits a plant’s carbohydrate storage capacity, which ultimately inhibits
plant growth.

While the criteria of the proposal focusses on plants nutrient uptake
capability, there is also the question of toxic chemical contaminants. Studies on
composting operations indicate that compost runoff may contain trace amounts of
toxic chemicals originating from pesticides used on lawns. Ongoing monitoring of
ground water, soils, and plants on the site for toxicity, as well as nutrient loading,
will further the understanding of the problem, and provide data on buffering
performance. '
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X. APPENDIX: Applicable State Environmental Regulations

Commonwealth of Massachusetts Regulations (CMR)

Department of Environmental Protection (DEP or the Department)

A. Division of Solid Waste Management

The Division of Solid Waste Management administers two sets of
regulations that apply to the Morton Street composting operation. The
requirements vary considerably depending on whether the operation handles
strictly yard waste or a combination of yard and food waste. Furthermore, the
Department is currently preparing revised facility regulations for promulgation in
the fall of 1994.

310 CMR 16.00 Site Assignment Regulations for | 7/3/92
Solid Waste Facilities

The current composting of leaves and yard waste at the site is conditionally
exempt from the Site Assignment Regulations for Solid Waste Facilities (310 CMR
16.05 (3)). The Boston Public Works Department (PWD) complied with the only
applicable condition, registration with DEP, in October 1991. If the city chooses to
compost food waste, it forfeits the yard waste exemption. Food waste composting
facilities must apply for a Determination of Need for Site Assignment (DON).

The DON applicant must submit detailed information on the materials they
will handle and the characteristics of the site. DEP may decide that with certain
conditions no site assignment is required (16.05 (4)(5)(e) 5). In this case, no
permit is required, but project modifications in design or operations require
notification to DEP and the local board of health (310 CMR 16.05 (7)(a)).
Alternatively, PWD can apply for a Demonstration Project. Although the
Department criteria are less extensive for a Demonstration Project, the
information requirement from the applicant is the same as in the DON process
and the approval lasts no more than one year (16.05 (8)).

If the Department concludes that the site requires assignment by the board
of health, then the PWD must submit an application to the board of health, DEP,
and the Massachusetts Department of Public Health to start the process (16.08
(2)). Data for the application must be prepared under the supervision of a
professional engineer familiar with solid waste facility design and operation (16.08
(5)(b)). Upon submission, the Department has 21 days to rule on the application’s
completeness. During this time, the DEP will accept written comments on the
application. Once the Department determines that the application is complete,
then the proponent must notify all abutters to the property and the general public
about the project (16.10 (2)(3)(4)). Following notification, DEP will again take
public comments while preparing its Report on Site Suitability. The Department
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will present the suitability report to the board of health within 60 days of public
notice (16.11 (2)(7)). The board of health will then review the suitability report,
hold a public hearing, and make the final decision whether the site is suitable for
the proposed solid waste activity (16.20 (7)(8)(10)(k)).

310 CMR 19.00 Solid Waste Management Facility Regulations 7/3/92

The facility regulations apply to all site-assigned solid waste handling
facilities, with additional requirements for landfills and transfer stations. In the
event that the board of health assigns the Morton Street site, it would be a solid
waste handling facility that would have to obtain a facility permit, an authorization
to construct, and an authorization to operate (130 CMR 19.020 (1)). For the
permitting process, the PWD would have to provide extensive site and process
information, as well as, develop an operation and maintenance plan and a
closure/post-closure plan (19.030 (3)(c)1-5). Handling facilities have significant set-
back requirements. Waste handling areas must be 100 feet from the property
boundary and shall not be within "a resource area protected by the Wetlands
Protection Act,..."(19.038 (2)(b)3.a.d.). This requirement disqualifies a 100 foot
swath of the Morton Street site adjacent to the brook.

Proposed Revisions to the Facility Regulations: Compost Facility Design and
Operation Standards

These revisions are essentially an addition to the 310 CMR 19.00 Facility
Regulations of a section devoted to specific requirements for compost facility
siting, operation, and closure. The primary source of information on the draft
regulations is a "Discussion Paper: Compost Facility Design and Operation
Standards", developed by Caroline Ganley of the Division of Solid Waste
Management. This document makes recommends rules are relevant to food waste
composting at Morton Street.

The discussion document recommends a tiered regulatory approach
combining design and performance standards. The application of these regulations
to all composting facilities would require eliminating some of the exemptions in
the Site Assignment Regulations, thus passing control to the additional facility
regulations (Ganley, 1993). The following list represents changes in the
regulations that may affect food waste compost at the Morton Street site:

Proposed Changes to 310 CMR 19.00 (Ganley, 1993)
* Set-back from nearest occupied building
1. continue 250 foot standard
2. increase to 660 feet
3. varying distances based on feedstock or process used
* Height above ground water
1. continue 2 foot standard
2. increase the distance for facilities with pervious pads
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Proposed Facility Performance/Design Standards (Ganley, 1993)
* Adequate space to accommodate delivery, processing, composting, curing,
and storage
* Water Resource Protection
1. prevent ponding & provide drainage
2. treat leachate and storm water runoff
3. prevent run-on
* Base or Pad (except yard waste facilities) impermeable; asphalt, concrete
or other similar material
* Maintain Processes
1. design to maintain optimum biological decomposition
2. ability to control & monitor temperature, oxygen and moisture
content
* Document Labor Needs
* QOdors
1. prohibit nuisance conditions
2. design standard related to some combination of feedstock,
capacity, methods or location
3. performance standard by odor units or molecular concentration
* Storage space for three days of incoming materials and between six
months and 1 year for cured compost
* Annual Reports
1. source/destination, quality and quantity of all incoming and out
going materials
2. log of compost data collection
3. turning or aeration frequency
* Contingency Plan for Shut Down
* Closure Plan

The aim of the new composting facility regulations is to raise standards for
all composting facilities seems clear. Even these higher standards, though may be
less stringent for a food waste composting operation than holding it to the landfill
standards of the current facility regulations.

B. Division of Water Pollution Control

Five sets of regulations administered by the Division of Water Pollution
Control apply in some way to the Morton Street site for food waste composting. It
is very difficult to provide a definitive statement of applicability to these
regulations due inconsistencies in definitions among the regulations; the unknown
permeability of the compost pad; and the water quality of the brook and the fact
that it is treated. In general this site and operation seems to exist in the gray
areas of these regulations.

314 CMR 3.00 Surface Water Discharge Permit Program 12/31/86

These regulations pertain to discharges of pollutants to the state’s surface
waters. Section 3.02 defines Discharge or Discharge of Pollutants as "any addition
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of any pollutant or combination of pollutants to water of the Commonwealth from
any source,... which do not lead to a POTW;... This term does not include an
addition of pollutants by any indirect discharger." In turn, Indirect Discharger is
"a discharger introducing pollutants to a treatment works."(314 CMR 3.02) The
brook leads to the Deer Island treatment works, therefore any discharge to it is an
indirect discharge and not a discharge to a surface water.

An indirect discharger is included, however, as a New Discharger or New
Source, but may be exempt if authorized by the Sewer Extension and Connection -
Regulations at 314 CMR 7.00 (3.02, 3.05 (3)). See 314 CMR 7.00 below.

314 CMR 4.00 Mass. Surface Water Quality Standards 7/20/90

In the surface water quality regulations, the Indirect Discharger category of
the Surface Water Discharge Program is absent from the definition of Discharge or
Discharge of Pollutants, The regulations "assure that surface water quality
standards of the receiving waters are protected and maintained or attained."(314
CMR 4.02 & 4.03 (1)) The brook would seem to be a Surface Water under the
regulations, although not listed at 4.06 (3). Unlisted Waterbodies are designated
Class B by default (4.06 (2)), but the apparent quality of that brook seems to be
less than that standard. A site visit revealed floating petroleum even though Class
B "waters shall be free from oil, grease and petrochemicals that produce a visible
film on the surface of the water."(4.05 (3)(b)7). Perhaps the key element of
application lies at 4.03 (1), "Discharges shall be limited or prohibited to protect
existing uses and not interfere with the attainment of designated uses in -
downstream and adjacent segments." In this case discharges from the composting
site will probably not interfere with the downstream uses; a storm drain and
combined sewer. The exception to this conclusion may well be the downstream
wetlands.

314 CMR 5.00 Ground Water Discharge Permit Program 12/31/86

In these regulations the Indirect Discharge definition, noted under the
Surface Water Discharge Program, is repeated apparently exempting the site from
needing a discharge permit (314 CMR 5.02). On the other hand, Storm Waste
Discharges that contact "process wastes" or "raw materials" may require a permit
(5.04 (2)(a)(1). Permit conditions limiting effluent are based on the ground water
quality set out in the Ground Water Discharge Water Quality Standards below
(5.10 (3).

314 CMR 6.00 Ground Water Discharge Water Quality Standards 12/31/86
The ground water standards are similar in purpose to the surface water
standards, to maintain and protect ground water within certain classifications. The

default ground water classification is Class I - "a source of potable water
supply."(314 CMR 6.03 (1)) Of particular importance to composting, the Nitrate
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Nitrogen (as Nitrogen) level for a Class I ground water cannot exceed 10.0 mg/1
(6.06 (1)(n)). In order to have ground water classified to a lesser category, the
proponent has the burden of proof (314 CMR 6.04 (1)(2)). The key issue here is
the same as in the Ground Water Discharge Program and the Surface Water
Discharge Program, the seeming exemption of the site by meeting the definition
an Indirect Discharger.

314 CMR 7.00 Sewer Extension and Connection Regulations 12/31/86

These regulations apply to sewer connections and extensions. However, any
active sewer connections existing before May 10, 1979, are exempt. In addition,
changes in use of the connection are also exempt and existing sewer connections
can increase in flow up to 2000 gallons/day without forfeiting the exemption (314
CMR 7.05 (2)). The Morton Street site is linked to a sewer via the brook through
the ditches and most likely was in 1979, but do open ditches to a brook amount to
a "sewer connection"? The regulations define Sewer Connection as "the sewer
pipes and appurtenant works necessary to connect a building or estate to a sewer
system"(7.02). There are no pipes connecting the site with the brook, so perhaps
it is not legally ’connected’. If the site is not ’connected’ to a sewer, then it does
discharge to a surface water and must meet the discharge standards.

C. Division of Wetlands and Waterways
310 CMR 9.00 Waterways Regulations 7/6/90

These regulations, as part of the Coastal Zone Management Program, focus
on coastline and navigable waters. Although one could literally canoe or kayak on
this brook (314 CMR 9.04 (1)(e)), the wetlands regulations seem to have a clearer
jurisdiction.

310 CMR 10.00 Wetlands Protection 1/1/94

These regulations apply not only to the wetlands across from the
composting site, but also to stream banks and land subject to flooding (310 CMR
10.02 (1)). Any activity within the Buffer Zone of 100 feet from an Area Subject to
Protection that may alter such a protected area, also comes under the regulations.
Activities beyond the Buffer Zone are only regulated if they actually alter an Area
Subject to Protection (10.02 (2) (a)(b)(c)).

The Stony Brook is within 100 feet of the composting pad and therefore
some of the operation is within the Buffer Zone. In this case, the project
proponent must submit to the conservation commission a Notice of Intent or a
Request for a Determination of Applicability for work in a Buffer Zone. If the
conservation commission concludes that the work will not alter an Area of Subject
to Protection and makes a negative Determination of Applicability, then no Notice
of Intent is necessary (10.05 (3) (a) 2). Under a positive Determination, the
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Proponent may be able to file an Abbreviated Notice of Intent provided that the
work disturbs less then one thousand square feet of surface within the Buffer
Zone. Otherwise, the regulations require a full Notice of Intent to the
conservation commission describing the proposed activities in detail (10.05 (4)

(a)(b)(d)).

At the close of the public hearing for a Notice of Intent, the conservation
commission decides whether the proposed action is significant to wetlands
protection, and therefore, if it requires an Order of Conditions. If conditions
cannot provide adequate protection, the proposed activity can be prohibited from
the Buffer Zone area (10.05 (6) (a)(b)). On the other hand, an Order of Conditions
may include projects that improve the natural capacity of a resource area, such as
planting of vegetation to improve habitat value (10.53 (4)).

When developing its yard waste composting proposal in 1991, PWD
consulted the Boston Conservation Commission. In a letter to the PWD the
Commission’s Executive Secretary stated, "Having walked the site I feel confident
that composting will have no impact on wetland resources and the proposed
project does not require the filing of a Notice of Intent."(Schussler, 1991) With
the addition of food waste to the compost feedstock Conservation Commission may
reconsider its ‘no impact’ conclusion.
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