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Overview of Literature Reviews

What is a literature review?

A literature review discusses published information in a particular subject area, and sometimes
information in a particular subject area within a certain time period. A literature review can be just a simple
summary of the sources, but it usually has an organizational pattern and combines both summary and
synthesis. A summary is a recap of the important information of the source, but a synthesis is a re-
organization, or a reshuffling, of that information. It might give a new interpretation of old material or
combine new with old interpretations. Or it might trace the intellectual progression of the field, including major
debates. And depending on the situation, the literature review may evaluate the sources and advise the reader
on the most pertinent or relevant.

How is a literature review different from an academic research paper?

The main focus of an academic research paper is to develop a new argument, and a research paper
will contain a literature review as one of its parts. In a research paper, you use the literature as a foundation
and as support for a new insight that you contribute. The focus of a literature review, however, is to
summarize and synthesize the arguments and ideas of others without adding new contributions.

Why do we do literature reviews?

Literature reviews provide you with a handy guide to a particular topic. If you have limited time to
conduct research, literature reviews can give you an overview or act as a stepping stone. For professionals,
they are useful reports that keep them up to date with what is current in the field. For scholars, the depth and
breadth of the literature review emphasizes the credibility of the writer in his or her field. Literature reviews
also provide a solid background for a research paper's investigation. Comprehensive knowledge of the
literature of the field is essential to most research papers.

Who writes these things, anyway?

Literature reviews are written occasionally in the humanities, but mostly in the sciences and social
sciences; in experiment and lab reports, they constitute a section of the paper. Sometimes a literature review
is written as a paper in itself.

Selections typically based on:

Relevance of published studies to topic

Organization

Current study, rationale and contribution to field of knowledge on topic
Clarity of writing and interpretation of literature

Bibliographic format w/ multiple documents reviewed.

ogrwNE
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Introduction

The following summaries address selected wetland buffers and onsite wastewater treatment systems
(OWTY) literature/ reports reviewed for:

e New England relevance(other than RI)

timeliness; issued since year 2000
general wetland setback references
Rhode Island specific summaries
the State of Washington.

Brief summaries of each report are provided but are not a substitute for reading the complete paper. All
findings and recommendations are those of the cited authors. Major points are highlighted in bold text.
Wetland Readers were: Task Force members James Boyd, Coastal Resources Management Council, and
Thomas Kutcher, Wetlands Biologist, Save the Bay, with staff assistance from DEM, Principal Environmental
Scientist, Carol Murphy, and DOP, Supervising Land Use Planner, Nancy Hess.

Wetland Buffer Reports — New England (other than RI)

Berkshire Regional Planning Comm. 2003, 7he Massachusetts Buffer Manual: Using Vegetated
Buffers to Protect Our Lakes and Rivers. Massachusetts Department of Environmental Protection. Appendix
A.111pp.
Summary:
The objective of this manual is for waterfront land owners to understand the importance of vegetated buffers
for the protection of water quality, providing wildlife refuge, and for maintenance of their property values. A
vegetated buffer is a protective area between water bodies and human activity, such as
development or agriculture. The manual describes for readers:
- How buffers capture pollution via chemical, physical, and biological processes;
- How shoreline buffers are transition areas where aquatic and terrestrial environments meet, and therefore
where they support a great diversity of wildlife;
- That shoreline buffers serve as wildlife travel corridors and food sources, and they shade and cool water
temperatures; and
- That vegetated buffers provide homeowner benefits by flood and property protection, protection of
shoreline banks from erosion, increased privacy, and increased property values.

The manual also includes examples of how buffers may be improved and planted to protect a water body and
to provide benefits for the property owner. “In general, the wider the buffer and the more complex the
vegetation within it, the more effective it is in meeting those purposes.”

Appendix A provides a technical description of how buffers work to protect water quality, benefit wildlife,
dissipate floodwaters, and stabilize banks.

a. Vegetation layers create a barrier to surface water movement by absorbing the impact of rainfall,
the forest floor acts as a sponge, and trunks and stems slow runoff velocity.

b. Vegetated buffers capture and remove sediment and nutrients in runoff over ground, thereby
lowering the loads that get to the water. This is a function of the precipitation rates and the buffer
width, slope, and soil type.

c. Buffers zones also capture nutrients underground as water travels through the soil, by way of plant
root uptake and use by microorganisms.

d. Buffer zones along the shore directly protect aquatic species by shading and cooling waters. Runoff
water gets heated and can change a cold water stream and can stress microbes, insects and fish.
Temperature increases alter biological and chemical processes unfavorably.

e. Waterfront buffer areas are well used by wildlife, because they are an intersection of aquatic and
terrestrial habitat. Rare species rely on these transition zones.

f. Vegetated buffer zones can break the force of floodwaters that overflow banks, and thereby
protect structures and property from damage. Tree and plant roots hold soil together and
stabilize banks from impacts from waves, ice, and wakes.
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Boyd, L. 2001, Buffer zones and beyond: wildlife use of wetland buffer zones and their protection under the MA
Wetland Protection Act. University of Massachusetts. 33 pp. and Appendices.

Summary:

This report focuses on upland buffer zones adjacent to wetlands and water bodies and their importance for
wetland wildlife habitat. Buffer zones are essential habitat for 65 species of Massachusetts freshwater wetland-
dependent wildlife. Of the 65 species, 50 use from the wetland edge to 100 feet; 38 use to 200 feet;
and 34 use from the edge to beyond 200 feet. Ninety percent (90%) of Massachusetts wetland-
dependent reptiles, 96 percent of amphibians, 100 percent of mammals, and 55 percent of wetland-dependent
birds have upland requirements.

The importance of buffers zones to wildlife is well documented. The report discusses the regulation and
adequacy of the 100 foot wetland buffer zone as compared with the 200 foot riverfront area in Massachusetts
(General Law, Chap. 131, Sect. 40). The report concludes that the need for buffer protection is understood;
however, an appropriate distance is difficult to define. It acknowledges a need to establish more
than a 100-foot buffer, because of the number of wetland species that rely on the area greater
than 100 and 200 feet from wetland edges.

Chase, V., L. Deming, F. Latawiec. 1997, Buffers for wetlands and surface waters: A guidebook for New
Hampshire Municipalities. Audubon Society of New Hampshire. 80 pp.

Summary:

This guidance manual was developed to assist local officials by providing the science behind the importance of
buffer protection. A buffer zone is described as a naturally vegetated area adjacent to a wetland or
surface water. The manual recognizes that buffer zones reduce adverse effects of human activity, protect
water quality in wetlands and surface waters, protect and provide wildlife habitat, reduce disturbances from
dumping, noise, pets, and lights, and help to maintain recreational values and aesthetic diversity. The manual
provides a thorough discussion of how buffers work, and it describes landscape and site-specific factors that
influence a buffer's effectiveness for habitat, including, land uses, edge effects, vegetation type, and width.
Soils, topography, vegetation, land uses, season, and buffer width influence a buffer's effectiveness for water
quality protection.

The manual’'s authors and working group recommended that 100 feet is generally a minimum required
buffer width for water quality purposes. A 100-foot buffer provides some habitat needs for some species.
Table 4.2.2 provides examples of what 100 feet provides and what it does not provide for named wildlife
species or groups. For example, for area-sensitive forest birds, 100 feet provides some foraging and nesting
habitat, but not sufficient breeding habitat. The manual provides recommendations for when more than a
minimum 100 foot width may be appropriate for species-specific needs, at water supply resources, at wetlands
that provide rare habitat, at sensitive wetlands (such as bogs, fens, Atlantic white cedar swamps), at travel
corridors, and at designated wetlands, as well as some situations where 100 feet may not be needed, such as
adjacent to human-made wetlands.

Murphy, B.D., Position statement. “Utilization of 100 foot buffer zone to protection of riparian areas in
Connecticut”, Inland Fisheries Divisions, CT, Undated.
Summary:

This paper briefly summarizes a literature review completed by a State of Connecticut fishery biologist
regarding the utility of a minimum 100-foot buffer zone at perennial streams to protect the stream and the
riparian corridor. The paper discusses the benefits and limitations of implementing standard (fixed) width buffer
zones versus site-specific (floating) buffer methods. Standard methods are easier to implement, while
site-specific buffer methods are tailored to the resource and are not arbitrary, however, they are
more time consuming to develop and to implement. A discussion is presented about six riparian buffer
functions: sediment control, nutrient removal, temperature control, source of woody debris, food supply for
aquatic organisms, and stream flow maintenance.
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e A 100 foot riparian buffer will assist with sediment control and nutrient removal; however,
the effectiveness will vary according to site conditions and may not result in complete
removal.

e A buffer width more than 80 feet is needed for stream temperature maintenance.

The literature supports a 100-foot buffer zone as a source of large woody debris to streams.

Buffer widths less than 100 feet were not adequately protective of stream invertebrate populations
because of sediment in the streams. Buffers greater than 100 feet were equivalent to unclogged
streams.

e The literature documented the importance of riparian buffer zones to stream flow maintenance,
especially riparian wetland areas; however, studies on specific buffer widths were not found.

Vermont Agency of Natural Resources. 2005, Rjparian Buffers and Corridors Technical Papers \Waterbury,
Vermont. 39 pp.

Summary:

These papers provide thorough explanations of water quality, habitat, and channel stability functions of riparian
areas, based on reviews of scientific literature on the effectiveness of riparian buffers and their widths. The
word riparian means of or pertaining to the bank of a river or lake. The papers describe how riparian
buffers work to provide these important functions.

- Riparian buffers protect the quality of the water they border by regulating water temperature by shading
and by infiltrating surface runoff. Storing overland runoff moderates stream flows and base flows in low
flow months. Riparian buffers trap sediment and nutrients, and vegetation roots stabilize riparian
shorelines.

- The technical papers describe how riparian buffers maintain the quality of aquatic habitat by: “ Protecting
water quality and quantity; providing food supply; providing woody debris; maintaining lakeshore, stream
channel and floodplain stability; and maintaining adjacent wetlands.” Riparian terrestrial habitat is
important to amphibians, reptiles, birds, and mammals, including species threatened or endangered in
Vermont.

- “Riparian areas provide for channel stability via: flood attenuation, reduced effects of storm events, bank
and shoreline stabilization, ice damage control, and maintenance of sediment transport and channel
morphology.”

Borrowing from Chase et al. (1995) the Vermont report provides tables of buffer widths for 1) riparian functions
(the averages of the ranges are from 37 feet to 225 feet) and 2) for wildlife (from 10 feet to 840
which is “the average distance a blue-winged teal nests from water™). Also included is a table of what a 100-
foot riparian buffer provides for wildlife habitat and what it does not provide (Chase et al. 1995).

Calhoun, A.J.K. and M. Klemens. 2002. Best Development Practices. Conserving Pool-breeding Amphibians in
Residential and Commercial Developments in the Northeastern United States. MCA Technical paper No. 5.
Metropolitan Cons. Alliance, Wildlife Conservation Society, Bronx, New York.

Summary:

This publication presents an approach to ensure vernal pool protection via a multi-step model, including
identification and mapping, biological assessment, and conservation planning. Based on the wetland and
upland habitat needs of obligate vernal pool wildlife, the paper defines three vernal pool management zones:
1) the vernal pool depression; 2) the vernal pool envelope which is the upland area that is 100 feet around the
pool depression; and 3) the critical terrestrial habitat, which is that area within 100 feet to 750 feet around the
pool's edge.

The paper discusses the importance of each management zone, and it presents practical development practices
applicable to ensure protection of vernal pool water quality and amphibian populations. No disturbance is
recommended within the vernal pool depression itself; best development practices are recommended within the
100-foot envelope; and less than 25 % development (and best practices)are recommended within the 750-foot
critical terrestrial habitat. Figures 4 and 9 graphically depict the migration distances of New England vernal pool
amphibians and the defined management areas.
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Wetland Buffer Reports — Year 2000 Plus

Bentrup, G. 2008, Conservation buffers: design guidelines for buffers, corridors, and greenways. Gen. Tech.
Rep. SRS-109. Asheville, NC: Department of Agriculture, Forest Service, Southern Research Station.
Summary:
This report focuses on the functions of wetland buffers and their applications in municipal planning. The report
is not a synthesis of current science per se and, in fact, does not cite any references; however, the authors
claim it is based on a synthesis of the latest and best available science of the time. While the report contains
an abundance of useful information for planning, much of it is intended for site and situation-specific planning
and is not directly applicable to regulations. The functions of buffers are offered in a table (Table 1). Other
relevant information is as follows.
e Buffers are most effective around low order streams
Buffers are most effective closer to the source of pollution
Wider buffers are needed where flow is concentrated (i.e. valleys)
Buffers are more effective on flatter slopes
Narrow buffers remove coarse sediments more effectively than fine sediments
Buffers can reduce pathogens, nitrogen, phosphorus from surface and groundwater, but the
mechanisms are complex and vary with pollutant
e Buffer width tools are recommended for determining buffer width based on soils, slope, pollution type
and other factors
e Gets into ecological implications, such as patch ecology and habitat corridors for wildlife
e Corridor width recommendations are shown in Figure 5.

Figure 5
Corridor Width Summary

* Plants F |
X iwastobrales F:ﬁ

gl /\quatic Species .

g Reptiles & Amphibians h | 600 ft
Birds: Interior Species = <] 1 mi
Birds: Edge Species

—« Small Mammals

q Large Mammals =% |15mi
RLQ. Predator Mammals [ == | >3 mi

| _ .
Oft 100t 200ft 330 ft 500 ft

Corridor Width

Minimum recommended width
Upper end of recommended width

7]Division of Planning




Legislative Task Force «@; Literature Review: 8.08.14

Table 1

Issue and Objectives Buffer Functions

‘ )

Reduce erosion and runoff of Slow water runoff and enhance infiltration
sediment, nutrients, and other Trap pollutants in surface runoff
PORSN posHants Trap pollutants in subsurface flow

Remove pollutants from water Stabilize soil

runoff and wind Reduce bank erosion

Increase habitat area
Enhance terrestrial habitat Protect sensitive habitats
Restore connectivity
Increase access to resources
Shade stream to maintain temperature

Enhance aquatic habitat

Reduce water runoff energy
Reduce soil erosion Reduce wind energy
Increase soil productivity Stabilize soil

Improve soil quality

Remove soil pollutants

Produce marketable products
Provide income sources Reduce energy consumption
Increase economic diversity Increase property values
Increase economic value Provide alternative energy sources

Provide ecosystem services

Protect from wind or snow Reduce wind energy
Increase biological control of pests Modify microclimate
Enhance habitat for predators of pests

PYOmot from Wi Reduce flood water levels and erosion
Create a safe enviroment Reduce hazards

Enhance visual interest
Screen undesirable views
Control noise levels Screen undesirable noise
Control air pollutants and odor Filter air pollutants and odors
Separate human activities

Enhance visual quality

Increase natural area

Promotg nature-based Protect natural areas

recreation Protect soil and plant resources
Usg buffers as recreational Provide a corridor for movement
trails

Enhance recreational experience
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Environmental Law Institute. 2003, Conservation Thresholds for Land Use Planners. Environmental Law
Institute. Washington, D.C. 55 pp.
Summary:

“As with other conservation threshold, the scientific literature does not support an ideal buffer width
applicable in all circumstances.”
Survey found recommended buffer widths ranging from 1 meter up to 1600 meters, with
75% of the values extending up to 100 meters.
At a minimum, a riparian buffer should encompass “the stream channel and the portion of the
terrestrial landscape from the high water mark towards the upland where vegetation may be influenced
by elevated water tables or flooding, and by the ability of soil to hold water.”(Naiman et al 1993)
“based on the majority of scientific findings, land use practitioners should plan for buffer strips that are
a minimum of:

0 25 meters for nutrient and pollutant removal

0 30 meters for temperature and microclimate regulation and sediment removal

0 50 meters for detrital input and bank stabilization, and

0 Over 100 meters for wildlife habitat functions

0 At least 100 meters for water quality and wildlife protection
See Figure 4 below for recommended minimum riparian buffers.
“To ensure that buffers function adequately, all major sources of disturbance and contamination should
be excluded from the buffer zone, including dams, stream channelization, water diversions and
extraction, heavy construction, impervious surfaces, logging roads, forest clear cutting, mining, septic
tank drain fields, agriculture and livestock, waste disposal sites, and application of pesticides and
fertilizers. (Wenger 1999, Pringle 2001)".
“Another consideration is the level of legal protection afforded to the areas. Whether the buffer is in
preservation status or protected under a conservation easement that allows for some level of activity,
for example, will also determine its ability to provide desired functions”.

9] Division of Planning
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Environmental Law Institute. 2008, Planner’s Guide to Wetland Buffers for Local Governments. Environmental
Law Institute. Washington, D.C. 29 pp.

Summary:

This report investigates municipal ordinances addressing wetlands buffers and the underlying science, under
the assumption and assertion that local governments are better suited to authorize wetland buffer regulations
than state or federal agencies. The authors reason that local governments are more concerned with broader
implications of wetland regulation for their communities. While much of the report covers the elements of local
ordinances, many points are relative to the Task Force. The report is based on 50 wetland buffer ordinances
and “several hundred” scientific studies, although only 48 papers were cited. Scientific review of buffer
literature was conducted and summarized as below. Refer to Figure 1 for the numbers.

Figure 1

o Water Quality is affected not just width of buffer, but also by flow pattern, vegetation type, percent
slope, soil type, surrounding land use, pollutant type, and precipitation patterns. Buffer width
effectiveness is therefore highly variable. For consistent protection, wider buffers are
necessary.

o Wildlife Habitat is also affected by buffer width, but is highly variable by species. Upland
area surrounding wetlands is considered core habitat for wetland-dependent amphibians and reptiles.

e Outlines some approaches to setting buffer widths including

o0 Fixed non-disturbance width

o Non-disturbance width plus additional regulated area of scrutiny
o0 Non-disturbance width plus setback

0 Matrix based (see Figure 2).
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Figure 2

Fischer, R.A. and J.C. Fischenich. 2000, Design Recommendations for Riparian Corridors and Vegetated Buffer
Strips. EMRRP Technical Notes Collection. ERDC TN-EMRRP-SR-24. U.S. Army Research and Development Center.
Vicksburg, MS.
Summary:

From the viewpoint of buffer restoration and management , more than protection
Acknowledged that there are a few examples where buffer studies or criteria merge water quality and

habitat interests.
Authors do cite
numerous studies (from
1974 to 1999)
recommending
minimum buffer widths
the categories of 1)
water quality 20
vegetation, reptile and
amphibians, mammals,
and invertebrates, and
birds.

See Table 4 General
Riparian Buffer Strip
width Guidelines.
Authors summarized
“in all cases” buffer
wider than 10m (33ft)
should be provided for
multiple objectives.
Widths wider than
100m (328ft) are
needed for habitat
values and corridors.

Table 4. General Riparian Buffer Strip Width Guidelines
Recommended
Function Description Width'

Buffers, especially dense grassy or herbaceous buffers $030m

on gradual slopes, intercept overland runoff, trap
sediments, remove pollutants, and promote ground
water recharge. For low to moderate slopes, most
filtering occurs within the first 10 m, bul greater widths
are necessary for steeper slopes, buffers comprised of
mainly shrubs and rees, where scils have low
permeability, or where NPSP lcads are particularly
high

Water Quality
Protection

R
Buffers, particularly diverse stands of shrubs and trees, 30t 500m

provide food and shelter for a wide vanety of riparian
and aquatic wildlife.

Riparian Habitat

. . ] 1
Ripanian vegetation moderates soil moisture conditions Cb20m

in stream banks, and roots provide tensile strength to
the soil matrix, enhancing bank stability. Good erosion
control may only require that the width of the bank be
protected, unless there is active bank erosion, which
will require a wider buffer. Excessive bank erosion may
require additional bioengineering techniques (see Allen
and Leach 1987)

Stream
Stabilization

Riparian buffers promote floodplain storage due to 2010 150 m

backwater effects, they intercept overland flow and
increase travel time, resulting in reduced fiood peaks.

Flood Attenuation

Detrital Input Leaves, twigs and branches that fall from nparian forest 30 10m

canopies into the stream are an important source of
nutrients and habitat.

"Synopsis of values reporded in the literature, a few wikiife spacies require much wider riparian comdors.

for

fish,
3)

that
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Wetland Buffer Reports — General References

Nitrogen Attenuation in Wetlands. 2007, Woods Hole Group, Inc. Final Report Prepared for Massachusetts
DEP, Lakeville, MA
Summary:
This report summarized the latest literature regarding Nitrogen attenuation capacity of wetlands. Much of
the information was not relevant to the group. However, the following information on forested buffers is
relevant.

e Forested uplands retain substantial nitrogen (N)

e Forested uplands, particularly NLE mature forests, can become N saturated

e N saturated uplands can leach N to groundwater

e Vegetation type does not drive N removal; % carbon, LU history, water table dynamics, roots, and
organic matter are primary contributors

e Riparian wetland soils can denitrify NO3 from groundwater

e Microbial community is an important factor

Assessing Forest Buffer Zones after 5 Years. 2010, A. Hairston-Strang, Maryland Forest Service
Summary:

¢ Quantitative assessment of riparian forest buffer functions at 34 sites abutting tributary streams
within three Chesapeake Bay watersheds from 2000-2008.

e 20 sites were monitored yearly for 8 years, while 14 sites were monitored only once 5 years after
buffer establishment.

e Buffers were newly planted with trees (seedlings) and averaged over 100 feet in width and abutted
agricultural land use located in mostly small rural sub-watersheds ranging from 38 to 19,000 acres
in drainage area (average size is 2756 acres)

e Impervious cover within the drainage areas was mostly 2-11% of watershed area with an average
of 5% impervious cover, but ranged up to 66%

e Tree survival in restored riparian forest buffers was 80% in the 1% year with losses continuing at
up to 12%/year and stabilizing in the 5" year at 50%

e Understory richness increased significantly from 165 to 276 species during the study period, a 67%
increase

Key Points:

e The State of Maryland has planted over 1300 linear miles of riparian forest buffers since 1996 to
help restore the Chesapeake Bay and tributaries

e Forest buffers are an essential tool for meeting water quality and habitat goals

e Timely riparian restoration and development of expected ecological functions depend on sufficient
site preparation, matching species to site conditions, and actively managing good growing
conditions around planted trees for at least 3-5 years is required to gain water quality benefits

e Growth rate and tree density affect the speed of development of functions

e In stream water quality monitoring adjacent to buffers showed a reduction of 1mg/L nitrate (not
significant) and a decline of phosphate from 0.13mg/L to 0.05 mg/L (significant) between 2001
and 2008

e Nitrate and phosphorus generally showed improved trends, but widespread variability resulted in
insignificant reductions for nitrate

e Develop policies and incentives to support long-term retention (>20 years) of restored buffers to
obtain nutrient reduction goals and other environmental benefits.
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Wetland Buffer Reports — Rhode Island Specific Summaries

Deshonnet, A., P. Pogue, V. Lee, and N. Wolff. 1994, Vegetated buffers in the coastal zone - A summary review and
bibliography. Coastal Resources Center Technical Report No. 2064. University of Rhode Island Graduate School of
Oceanography. Narragansett, RI.

Summary:

This report provides a synthesis of the literature about vegetated buffers in the coastal zone. It provides sample
definitions of buffer zones and discusses the importance of vegetated buffers for many public benefits, including
nonpoint source pollution removal and control, erosion and flood control, scenic and aesthetic values, and for
wildlife habitat protection.

The authors compiled minimum buffer widths to protect wildlife habitat ranging from 15 to 200 meters. They
found it difficult to define a best fit vegetated buffer width for general habitat value, and found that many studies
relied on species specific needs, especially of rare species. Factors that influence the effectiveness of a buffer for
habitat are its width, vegetation type, proximity to other habitats and to predators, noise levels, etc. The report
summarizes general wildlife habitat as fair to good with a 75 meter buffer width, good at 100
meters, and excellent at 200 to 600 meters.

The authors discuss four approaches for implementation of multipurpose vegetated buffers: fixed-width buffers,
fixed-tiered buffer zones, minimum widths based on the size of the property, and based on site-specific
characteristics. An ideal buffer for multiple uses is nearly level and has a diversity of native vegetation.

Groffman, P., A. Gold, T. Husband, R. Simmons, and W. Eddleman. 1991, An investigation into multiple uses of
vegetated buffer strjps. Narragansett Bay Project Report No. NBP-91-63.

Summary:

The goal of this study was to provide Rhode Island-specific information on the ability of land areas to serve as
buffers for water quality protection and for wildlife habitat, based on a site’s soils, vegetation, geomorphology, and
land uses. The site-specific water quality studies measured pollutant removal effectiveness for above ground and
below ground flows through buffers to red maple swamps. The study also developed a microbial index of pollutant
removal effectiveness.

The wildlife studies determined species richness of birds, reptiles, and amphibians in red maple swamps and
developed a model to describe the buffer requirements for protection of wetland-dependent wildlife in Rhode
Island. Buffer zones are important sites for foraging, corridors for dispersal, areas to escape from flooding, sites for
hibernation, areas for breeding and nesting, areas of low predation, and areas that buffers land disturbances from
outside the wetland. The buffer model was based on 1) habitat suitability; 2) wildlife spatial requirements; 3) access
to upland habitats; and 4) noise impacts. The report describes that, if the habitat suitability guidelines are not met,
the buffer should be restored.

- The minimum recommended buffer is 100 meters (328 feet) if there are threatened / endangered
species or neotropical migrant birds.

- The minimum recommended buffer is 15 meters (49 feet) for access to upland nesting sites for turtles.

- The minimum wetland buffer required if amphibians or small mammals are present was undetermined.

- The minimum buffer requirements for noise attenuation range from 13 to 85 meters (43 to 279
feet).
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Rhode Island Low Impact Development Site Planning and Design Guidance Manual. Rhode Island Department of
Environmental Management and Coastal Resources Management Council, 2011.
http://www.dem.ri.gov/programs/benviron/water/permits/ripdes/stwater/t4guide/lidplan.pdf

L0l

Summary:
Chapter 3 of this manual addresses Range of Riparian Buffer Widths Minimum
. L Recommended
the importance of riparian buffer Function Emvironmental Low Fischer and r—
zones for the protection of water Institute (2003) Fischneich (2000)
quality, for wildlife habitat, for flood [stream Stabilization 30-170 ft 30-65 ft 50 f
protection, and for protection of [waterquality 15-300 ft (remove
reservoirs. A riparian buffer is |Protection : nutrients) 15-100 ft 100t
defined as the land area along 10-400 ft (remove
streams and rivers and other e rreme sedment) ———
: enuation ! -year
open. water w bodies. . They ani 65-500 ft 65-500 ft floodplain plus an
described as a “conservation bargain additional 25 ft-
because of all of the services they [g; ildli
: parian/Wildlife - 1 0.3 mil 300 ft
provide. Habitat 10 ft-1 mile 00 ft-0.3 mile
— Summarized a range of |Protection of Cold >100 ft (5 studies)
) - 150 ft
buffers {50 to 300 feet} Water Fisheries 50-200 ft (1 study)
researched by the | ..
Environmental law Institute > ©if =5 [coastal vs. infand)
|

god madel results at a site level and due

(2003) and US Army Corps of , ]
Engineers (Fischer, R.A. and to a chang
J.C. Fischenich. 2000) and > |™aien et
provides recommended '
distances for five functions

— Stream stabilization = 50 feet

—  Water quality protection = 100 feet

— Flood attenuation is FEMA 100 year floodplain plus 25 feet

— Riparian wildlife habitat = 300 feet

— Protection of cold water fisheries = 150 feet

g clir

Litchtin, N. Water Quality Function of Wetland Buffers: A Brief annotated Bibliography, URI Cooperative Extension,
Nonpoint Education for Municipal Officials, Kingston, Rl 2008.
Summary:
= Buffer width recommendations in the papers reviewed ranged from 50 feet to 200 feet
depending on the function of the buffer and the study author. Emphasis on water quality with recognition
of benefits of buffers for flood control, erosion control, and wildlife habitat. Riparian buffers have been
reported to have a major effect on flood mitigation by increasing the opportunity for infiltration, reducing
the velocity of runoff, and minimizing impervious cover.
= Most studies have found that much larger buffers are required to provide wildlife habitat
than are required for any of the other buffer benefits.

Murphy, M.C. and F. C. Golet. 1998. Criteria for determining buffer zone and setback widths. In Development of
revisions to the State of Rhode Island’s freshwater wetland regulations. Final report prepared for Rhode Island
Department of Environmental Management. University of Rhode Island, Kingston, RI.

Summary:

This research was undertaken at the Department’s request to assist with policy development specific to the
Governor’'s Commission of Wetlands and Septic Systems. The objective was to make recommendations for a
method to determine suitable buffer zones for vegetated wetlands, water bodies and watercourses as defined in
legislation being considered at the time. The report describes how buffers protect the functions and values that
these resources provide. The authors reviewed four buffer literature summaries and two reports about the
effectiveness of buffers over time. One study in Washington found that all buffers that were initially less than 50
feet “showed a significant decrease in effective size within the first few years. Thirty-five percent of the buffers
that were greater than 50 feet wide were directly altered.” A New Jersey study concluded that “25 foot buffers
were not effective in reducing disturbance to the adjacent wetland over the short or long term.” Murphy and Golet
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also reviewed and summarized the RI coastal zone buffer program and buffer programs in other nearby states.

The authors recommended a tiered approach to identify buffer zones and setbacks within a bordering jurisdictional
land, based on the wetland types, their functions and values, and sensitivity to human disturbances. The buffer
zone is the portion of the bordering land maintained in a natural, undisturbed condition. The setback
is the minimum distance from the landward edge of freshwater wetland at which certain approved
activities or alterations may take place. Working within the limitations of the bordering land distances, the
method recommended and discussed the following buffer tiers:
- Tier 1 is a 150 foot buffer to perennial watercourses.
- Tier 2 is a 100 foot buffer for permanent or semi-permanent flooded water bodies and vegetated wetlands,
bogs, and fens, natural heritage areas, and critical amphibian habitat.
- Tier 3 is a 75 foot buffer for seasonal standing water bodies other than critical amphibian habitat and
intermittent water courses.
- Tier 4 is a 50 buffer to seasonally saturated wetlands.

Palstrom, N. 1991. Vegetated Buffer Strip Designation Method Guidance Manual. |EP, Inc., Northborough, MA
Summary:

The objective of this manual is to provide guidance for identifying buffer widths for attenuation of pollutants from
storm water runoff. While protection of wetland habitat is largely due to buffer widths, wildlife needs, and nearby
land uses, water quality protection involves chemical, physical, and biological processes. The author developed a
multi-step buffer model, including evaluation of “special conditions” for sensitive wetlands and high impact
activities. The model identifies that:

= A 300 foot buffer is required between a wetland and a commercial/ industrial facility with
hazardous materials onsite.

= A buffer consistent with the existing buffers of adjacent properties, but not less than 25 feet,
should be maintained at residential infill areas.

= Buffers with slopes greater than 15% or with less than 80% vegetative cover are not suitable for water
quality protection, and other measure need to be incorporated.

= Where wetlands are habitat for endangered or threatened species, the buffer should not be less than the
buffer required to remove 85% suspended sediment.

= Sensitive wetlands are defined as those in water supply watersheds, vernal pools, cedar swamps, scenic
rivers, conservation lands and coastal ponds.

Rhode Island Rivers Council. 2005. Findings and recommendations. Establishment of riparian and shoreline buffers
and the taxation of property included in buffers. A report to the Governor, Senate and House. Rhode Island Rivers
Council. Providence, RI.
Summary:
— Charged to make recommendations with respect to riparian buffers and taxation of property included as
buffers. Riparian are along rivers, streams, open waters and coastal waters.
— Stated that preservation and restoration of natural riparian buffers is considered to be the single most
important practice to protect water resources.
— Recommended that DEM investigate the NJ 300 foot buffer to high quality river segments and consider
adopting regulations.
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Wetland Reports — Washington State

Volume 1: A Synthesis of the Science (2005)

@ http://www.ecy.wa.gov/programs/sea/wetlands/bas/vollfinal/Cover Table%200f%20Contents.pdf
Summary:

Increases in nutrients may have the beneficial function of slowing flood flows by thickening of plant growth
and increasing numbers of some invertebrate species but may also have many negative impacts including
lowering water quality, changing the chemistry of bogs, and decreasing species richness, where fewer
species dominate and invasives may thrive. Nutrient loads from agricultural applications have been studied
and have shown impacts on amphibians, water-birds, and other wildlife.

Update on Wetland Buffers: The State of the Science (October 2013), State of Washington, Department of
Ecology, Publication #13-06-11.

@ http://www.ecy.wa.gov/programs/sea/wetlands/bas/BufferUpdate.html

@ https://fortress.wa.gov/ecy/publications/publications/1306011.pdf
Summary 1:

— Effectiveness of a buffer on removal phosphorus depends on many factors including:
e Soil Type (sorbents, redox state, pH)

Degree of saturation on soil particles

Slope of the land

Type of plants present and how managed
Amount of phosphorus generated by the surroundings

Flow path of groundwater and its interaction with iron, aluminum oxides, or other
minerals that react with dissolved phosphorus

— Removal of nitrogen in groundwater flowing through buffers does not appear to be related to buffer
width, while removal of nitrogen from surface water was only partially related to the width of the
buffer. The reduction of nitrate in groundwater flowing through a buffer has been attributed to
denitrification, uptake by vegetation as a function of its density, and immobilization by micro-
organisms.

— The relative removal of nitrate in a buffer is reduced as the concentration of nitrate in the incoming
water is increased. (In one study of 14 sites, nitrate removal dropped to 0% when the concentration
of nitrate was above 20 mg/l.)

— Contrarily, modelling at the watershed scale supports the view that20m (66ft) is a sufficient buffer for
nitrate removal. But other studies indicate that coarse soils in the buffer, the presence of seeps, and
the specific site flow path are other factors that need to be taken into account.

Summary 2:
This report is based on a national literature search using relevant keywords to identify the most up-to-date
and best available science on wetland buffer functions. Main conclusions of the research are as follow.
Pollutants
e The function of buffers in flood attenuation has still not been well-studied
Buffers protect water quality by infiltrating surface water
Buffers remove pollutants from groundwater via soil and root interactions
Buffers may become saturated with pollutants and lose effectiveness over time
Buffer width, slope, infiltration rate, rugosity, adjacent LU, vegetation type, vegetation density and
spacing, and flow convergence are all important characteristics for pollution removal
Coarse sediments may be removed by narrow buffers (16-66 feet)
Finer sediments are better removed by wider buffers (66 to 328 feet)
Trapping of sediments is tied to pollutant removal
Buffer width accounts for 35-60% of buffer effectiveness for water pollution
Wider buffers are more reliably effective (Fig. 3)
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Wildlife

Figure 3

Buffers considered core habitat for many species (and this core habitat needs a buffer)

Undisturbed uplands between wetlands are important for species

Effective buffer for wildlife is very complex and depends on width, vegetation type, etc. per species
Mean minimum core habitat for herps from literature ranges from 117m to 205m
depending on species

Protecting upland habitats is necessary for the sustained survival of amphibians

Many bird and mammal species rely on wetland buffers and require huge buffers to maintain
populations

Recent documents recommend buffers exceeding 300 feet (Fig. 4)

Protecting wildlife will protect other functions
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Appendix 8-C- Guidance on Widths of Buffers and Ratios for Compensatory Mitigation for Use with the
Western Washington Wetland Rating System, Volume 2, Protecting & Managing Wetlands, Washington state,
April 2005.

Summary:

% © o
£X3

Proposal for guidance on width of buffers linked to the Washington State Wetland Rating System for
Western Washington
System recommendations would:

0 Standardize a system that classifies wetlands in 4 categories; 1 - IV
o Set widths of buffers are based on wetland category & adjacent land uses
0 Land uses are classified into 3 categories based on threat of impacts to adjacent wetlands:

low, moderate and high
Buffers are defined as the uplands adjacent to an aquatic resource that can through various physical,
chemical, and biological processes reduce impacts to wetlands from adjacent land uses.
Widths of the buffer are measured along the horizontal plane.
Three alternatives which increase in complexity.
Widths of buffers ranged from 25 to 300 feet.
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Onsite Wastewater Treatment Systems (OWTS)

Introduction & Context

The following references focus on field investigations conducted in Rl and other research applicable to
southern New England. The following summaries address selected OWTS & water quality reports reviewed
for:

Nitrogen & Phosphorus Generally

Denitrification in Riparian Areas

Managing Nitrogen

Nitrogen Removal in Small Streams

Phosphorus Specific

Relationships between RMFS and Water Table Rise
Nutrient Treatment in Shallow Drain Fields

Brief summaries provided but are not a substitute for reading the complete paper. All findings and
recommendations are those of the cited authors, except where readers have added comments marked as *
Notes. Major points are highlighted in bold text. OWTS Readers were: Task Force members Russell
Chateauneuf, Civil Engineering Representative, and Lorraine Joubert, Environmental Entity — URI NEMO, with
staff assistance from DOP, Supervising Land Use Planner, Nancy Hess.

* Notes: OWTS may impact wetland habitat functions, but the scientific literature on the topic is limited.
Wetland setbacks are primarily based on risk to public health as some treated wastewater typically enters the
surface environment with the groundwater recharging the vegetated wetland or stream where contact with
humans is possible.

* Notes: Current RIDEM OWTS setbacks are distances to the resource, not the buffer. In some cases, the
setback is equal to the jurisdictional wetland (perimeter wetland). In other cases, the setback is less than the
jurisdictional wetland (riverbanks). In such cases, the wetland impacts are reviewed and decided upon first
through the wetland permit process. The wetland program does not generally review the WQ impact from the
OWTS, giving deference to the OWTS rules and WQ rules. Systems over 5,000 gallons per day require a site
specific review under DEM regulations. > 90% of the OWTSs serve single family homes.

* Notes: Some information included here was also summarized by Dr. Arthur Gold in his presentation to the
Legislative Task Force on 1/21/14, which is available in notes from meeting #5 at
http://www.planning.ri.gov/. His closing remarks reflected the uncertainties involved in determining adequate
buffer distance and value in taking a conservative approach to prevent pollution.

* Notes: Major Findings:

e In the general, the literature does not recommend specific buffer distances based on the
WQ impacts to wetlands from OWTS. “There is no “magic” distance. (Gold)

e The majority (>80%) of nitrogen and phosphorus entering a septic tank is discharged into the
ground.

e Nutrients impact wetland habitat and WQ functions, but the effectiveness of buffers in removing
nutrients is mixed.

e Nutrient treatment and removal in the subsurface is primarily related to site specific factors including
saturation of the soil beneath the leachfield, soil chemistry and biology the flow path of the effluent,
and the presence of riparian “sinks” along the flow path (GOLD, A.J. and J.T. Sims. 2000)
“characterizing subsurface flow requires extensive (and expensive) field work” — hydrologists are not
cheap. (Gold)

e In non-calcareous acidic soils common in Rhode Island, the majority of phosphorus is removed in the
vadose zone below the leachfield; the remainder moves laterally away but more slowly than the
movement of groundwater. Retardation factors of between 20 and 100 have been recorded.
(Cesspools are poor treatment devices partly because there is often no vadose zone below.)
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¢ Nutrient impacts on water quality are the result of cumulative loadings from individual OWTS systems
and other non-point pollution sources into a receiving waterbody and the ability of the waterbody to
accommodate the loading and still meet water quality standards. (e.g. not exceed the TMDL
established for that waterbody).

e Nitrogen is mostly converted to nitrate in the leachfield and moves laterally away from the system in
groundwater.

e OWTS derived nitrogen impacts are a much more significant concern in Rhode Island than OWTS
derived phosphorus impacts (excepting cesspools and failures).

e OWTS technology solutions for added phosphorous are not readily available. Where residual P
loadings area a concern, additional removal may be possible by improved soil categorization and
alternative leachfield design.

e OWTS technology solutions for partial nitrogen removal are readily available and are used extensively
in RI, Cape Cod, and Chesapeake Bay.

e Periodic monitoring of alternative systems and some compliance oversight is needed to ensure
optimum performance (Barnstable County Board of Health).

e Aquifer characteristics are highly uncertain and have strong influence on contamination reaching
receiving waters.

e Buffer length reduces contamination “risks”.

Nitrogen and Phosphorus

Gold, A. J. and J.T. Sims. 2000. Risk Based Decision Making for On-site Wastewater Treatment.
U.S.EPA/EPRI. pp. 114-146

Summary: This “Zhang Paper” develops research priorities to improve risk assessment and management of
decentralized wastewater treatment systems to reduce nutrients from these systems. Included is a summary
of factors affecting removal of nitrogen and phosphorus from OWTS in riparian zones. The authors note that
nitrogen removal in riparian areas is site-specific. “Great uncertainty surrounds the fate of nitrogen in
groundwater. A number of studies suggest that N removal cannot be simply related to residence
time or travel distance. Instead, N removal depends on the specific characteristics of the
receiving aquifer and more specifically with the characteristics that occur in selected
environments along the groundwater flowpath.”

Excerpts:

1V.B.1.c. Streamside Buffers and Grounadwater Nitrate Removal:

“Riparian Zones: There is a substantial body of research documenting groundwater nitrate-N removal
in riparian zones (Pavel, et al., 1996; Hill, 1996; Correll, 1997; Lowrance, 1998). The extent of
removal may be influenced by the hydrology, soils and vegetation of the riparian zone. Removal can
occur through plant uptake, immobilization in organic matter or denitrification. In certain settings
these streamside zones have been found to be a major sink for groundwater nitrate-N leaving upland
agricultural and suburban lands. Their preservation, protection and restoration could be a key factor in
sustaining or restoring watershed functions in certain watersheds. (Gilliam et al. 1997).”

“Riparian _zones display a great variation in groundwater nitrate-N removal. Groundwater nitrate-N
removal appears to be limited to riparian zones where the water table is shallow and organic deposits
accumulate in surface soils. Soil mappers often use the hydric classification to identify these types of
soils. Conversely, riparian zones with deep water tables_and non-hydric soils may not serve as
groundwater nitrate-N sinks (Correll, 1997).”

“Flowpaths influence the extent of groundwater nitrate-N removal in riparian zones (Hill, 1996).
Substantial nitrate-N removal has been noted where nitrate-N laden groundwater flows through the
upper 1 to 2 m of soil — while minimal removal has been observed when groundwater moves at
greater depths below the soil and upwells directly beneath streams and other sources of surface
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water. If groundwater emerges in surface seeps upgradient of riparian wetlands, surface flow can
occur rapidly (i.e., 1-2 hours) across the riparian zones, minimizing the potential for N removal. Within
riparian zones research is needed on the factors that control the depth of the biologically active zone
(i.e., water table dynamics, soils, geomorphology, type of vegetation, age of vegetation) and the
relationship between the width of different riparian settings and groundwater nitrate-N removal.”

IV.B.1.d. In-stream nitrate-N removal:

“The result of recent USGS stream monitoring and modeling (Sparrow Model) also stress the
importance of in-stream nitrate-N dynamics to the delivery of land based N to coastal waters.
Alexander et al. (2000) concluded that nitrate-N removal is higher in small streams than large
rivers._They theorize that denitrification in the bottom sediments of in small, shallow streams can be
a significant source of nitrate-N removal. In larger streams they suggest that the proportion of
interaction between stream and bottom sediments is too small to have notable effects on nitrate-N
dynamics.”

1V.B.2. Phosphorus: [Note: DWTS = decentralized wastewater treatment systems]

The more effective attenuation of P transport (relative to nitrate-N) from DWTS to surface waters by
soils and aquifer materials has resulted in fewer macro-scale concerns about P impacts on most
surface waters, and thus fewer watershed scale research efforts to quantify P losses. In most cases,
the general opinion on the impact of P from DWTS on water quality has changed little in the past 25
years. Jones and Lee (1979) assessed the effects of P from DWTS on ground water quality in
northwestern Wisconsin from 1972-1976 and stated “...No evidence for phosphate transport from
septic tank effluent was found in any of the monitoring wells, even though this is a sand aquifer with a
relatively high groundwater velocity” and “in general, phosphate will not be transported from septic
tank wastewater disposal systems and thereby contribute to excessive fertilization problems”. The
authors speculated that a very limited number of water bodies directly adjacent to septic tank disposal
systems might be at risk.

Gilliam and Patmont (1983) conducted a similar study in the Puget Sound watershed n Washington
and developed a mathematical analysis (Monte Carlo simulation) of P transport rom DWTS to a small
lake. They concluded that “movement of more thanl1% of effluent P to the lake was rare” and that
any P loading to the lake was mostly associated with “septic systems in wet areas that may contribute
P to the lake by both shallow groundwater flow and the surfacing of septic effluent and subsequent
movement to the lake by overland flow”.

Chen(1988) investigated P movement in ground waters from 17 septic tank disposal systems located
near the shores of eight lakes in New York State. All systems showed “good removal of ortho-P”.
Groundwater in three of the 57 wells monitored exceeded the current USEPA water quality goal of
0.10 mg P/L; one site was located on a steeply sloping (>10%) soil, and he other on a soil with a very
shallow water table.

Reneau et al. (1989) reviewed the literature on P transport from DWTS to ground and surface waters
and stated “...the limited movement of P away from onsite wastewater disposal systems is well-
documented” and that “..most field studies indicate that P contamination is limited to shallow
groundwater adjacent to the systems”. As noted earlier, Reneau et al. (1989) identified coarse-
textured soils with low P sorption capacity, poorly drained soils, and soils with poor effluent
distribution as situations with the greatest likelihood for P loss.

Weiskel and Howes (1992) monitored “near-field effluent” and groundwater quality in a densely
populated (—10 houses/ha) coastal watershed served by DWTS (Buttermilk Bay, Massachusetts).
Virtually all (99.7%) of the effluent P was retained in the aquifer at this site. Some “near-field” (5 m
down gradient) enrichment of groundwater with P was noted and attributed to reducing conditions
induced by DWTS effluent. The authors concluded that while “...septic systems are clearly a major
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potential source of N and P to coastal waters”...septic effluent was a “minor source” of P to coastal
waters.

Finally, Robertson et al. (1998) conducted a detailed study of 10 “mature” septic system plumes in
central Canada. Six of the 10 sites had P plumes > 10 m in length with P concentrations elevated
about 2 orders of magnitude (0.5 to 5.0 mg/L) compared to natural background concentrations. The
authors concluded that “...phosphate plume velocities are substantially retarded compared to
groundwater velocities at all sites (R=20 to 100)”...but that P migration velocities at some sites
(calcareous sands) were fast enough to be of concern.

Based on this research, and other studies such as the “micro-scale” research cited earlier, the major
“macro-scale” environmental issues with regard to P and DWTS today are: (i) siting considerations
related to the proximity of the DWTS to surface waters, such as any site properties that will facilitate
more rapid P movement to surface waters. Examples include a better understanding of site hydrology
and soil/aquifer geochemistry, both of which affect P retention and the rate of P movement in the
landscape;

(i) _density of DWTS in a watershed, which relates to annual loading and water body
sensitivity to P. For example in Delaware_where total maximum daily loads have been
established for the Inland Bays watershed (a_national estuary), reductions in P loadings of 40-
65% of present values will be required for_these estuaries and their tributaries to meet
“fishable” and “swimmable” criteria under the_Clean Water Act. Thus, the long-term concern is
whether the current, (or future, as coastal_development proceeds) loading of P to shallow
ground waters will eventually deliver, in base_flow, P in excess of the TMDLs for the
watershed;

(iii) system design and management particularly as this affects the likelihood of system
failures which can result in more rapid, surface transport of P. Or, the value of innovative
designs for new systems that can more efficiently retard P transport and/or remediating
existing systems to improve their effectiveness in removing P from ground water discharge.

Denitrification in Riparian Areas

Gold, A.J., P.M. Groffman, K. Addy, D.Q. Kellogg, M. Stolt, and A.E. Rosenblatt. 2001. Landscape attributes as
controls on ground water nitrate removal capacity of riparian zones. Journal of the American Water Resources
Association. 37:1457-1464.

Summary:

At riparian sites high groundwater nitrate-N removal rates of more than 80% were found in wetlands and
hydric soils. The extent of groundwater nitrate removal within the riparian zone is related to the
flowpath and travel time through the riparian zone. Higher denitrification rates were observed in
outwash soils with shallow groundwater flow paths through the riparian area. Till sites were more steeply
sloping and surface seeps were more common resulting in surface flow through the riparian area, bypassing
opportunity for denitrification in shallow groundwater. In deep outwash aquifers, a significant portion of the
ground water recharge from distant sources may move deep below the riparian zone and upwell vertically to
the stream, potentially "bypassing" the biologically active upper portions of hydric soils.

Management findings:
e Any channelized surface flow through a riparian area, direct stormwater discharges to riparian areas,
tile drains and shoreline alteration were identified as factors bypassing natural N sinks.
e In addition to direct alteration of stream banks, urban and suburban land use can impair denitrification
potential at a watershed scale. Increased imperviousness and storm drains induce flashy runoff events
often leading to stream bank erosion and incised stream channels. The deeper stream channels in
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combination with reduced groundwater recharge can lower the depth of the water table in urbanized
riparian zones, causing them to shift from a hydric to non-hydric setting. As a result, groundwater
flowing towards streams at greater depths is more likely to bypass organic-rich deposits typically
found much closer to the ground surface in riparian areas. For example the authors cite research in
Baltimore, MD by Groffman et al. (2002) where riparian water table depths were greater than 3 feet in
suburban and urban watersheds, those in a similar but undisturbed forested watershed were less than

1 foot of the soil surface.

Addy, K.L., A.J. Gold, P.M. Groffman, P.A. Jacinthe. 1999. Groundwater nitrate removal in forested and mowed
riparian buffer zones. J. of Environ. Qual. 28:962-970.

Summary:
This study examined groundwater nitrate removal in the subsurface of mowed vegetation vs hardwood forest

at two riparian sites in Rhode Island. Both sites were similar in soil texture, drainage class, and morphology.
Sampling was restricted to the poorly drained class [seasonal high water table of 1-1.5 ft. and hydrologic soil
group C or D based the 2014 RIGIS Soil Attribute Table, prepared by USDA NRCS
http://www.nrcs.usda.gov/wps/portal/nrcs/main/ri/soils/

Nitrogen removal rates were evaluated using mesocosms constructed from undisturbed soil cores extracted
from the site. These researchers found that groundwater nitrogen removal rates were correlated with carbon-
rich patches of organic matter that function as hotspots of microbial activity in the subsoil, consistent with
previous studies. No significant difference in nitrogen removal rates was found in forested vs. mowed areas.
Results show that riparian zones composed of a mix of forest and mowed vegetation, common in
suburban land uses, may remove substantial amounts of groundwater nitrogen. The authors
caution against ascribing specific groundwater nitrogen removal rates based on above ground vegetation types
without recognizing the importance of site differences such as water table dynamics, land use legacy and
adjacent vegetation.

* Notes: findings underscore the importance of using soil indicators to identify wetland edges without relying
on vegetation alone.

Mayer, P.M., S.K. Reynolds Jr., M.D. McCutchen, and T.J. Canfield (2007), Meta-analysis of nitrogen removal in
riparian buffers.
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data oublished for 89 individual measurements {figure is fram 49).
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Managing Nitrogen

Schipper, L., A.J. Gold and E. Davidson. 2010. Managing Denitrification in Human Dominated
Landscapes. Ecological Engineering. 36:1503-1506.

Summary:
Management recommendations:
¢ Reduce N inputs to avoid problems.
e Use onsite N controls. “The closer to the source of nitrogen the mitigation strategy is placed, the
better.”
e Use a watershed scale treatment approach to protect and restore denitrification sinks to augment
onsite controls. (wetlands and buffers are N sinks).

Oakely, S.M., A. J. Gold and A. J. Oczkowski. 2010. Nitrogen Control through Decentralized Wastewater
Treatment: Process Performance and Alternative Management Strategies. Ecological Engineering.
doi:10.1016/j.ecoleng.2010.04.030

Summary:

Buffer distance necessary for treatment is highly site specific. Wastewater effluent pathways and
transformations are site specific and highly variable:

“While limited or negligible transformations and dilution of OWT plumes have been observed in
aerobic, unconfined sand aquifers (Robertson et al., 1991;Ptacek,1998;Harmanetal.,1996), NO3-—
plumes can exhibit rapid declines in nitrate levels over very short distances (3m) if the plume
traverses denitrification hotspots (Groffman et al.,2009), such as carbon enriched deposits along
shorelines (Robertson etal.,1991); in these instances the plume must contact carbon-rich medium for
denitrification to occur.

Most OWTS design cannot meet the rigorous performance targets set by regulators. Variability in
treatment performance is high, especially when compared to centralized wastewater treatment
facilities where wastewater collection and treatment is closely managed and monitored by staff. The
effects of erratic performance from any individual OWTS is moderated by the relatively small scale of
the system loading and travel time before it reaches an aquifer, lake or estuary over weeks, months or
years. The authors find average loading from decentralized systems is therefore more reflective of the
aggregated risks to the aquifer recharge area or coastal watersheds.

Management recommendations:
e Use shallow drainfields such as pressurized shallow narrow drainfields (psnd) or drip irrigation with
advanced treatment systems for enhanced N removal.
o Apply watershed scale perspective to identify opportunities for denitrification from the discharge point
to receiving waters.

*Notes:

Variability in OWTS treatment performance has also been reported by the Barnstable County Board of Health.
Summary data is provided at http://www.barnstablecountyhealth.org/ia-systems/information-center/data-and-
statistics/.
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Nitrogen Removal In Small Streams

Kellogg, D.Q., A.J. Gold, S. Cox, K. Addy, and P.V. August, 2010. A geospatial approach for assessing
denitrification sinks within lower-order catchments. Ecological Engineering 36: 1596-1606.

Summary:

Nitrate sinks include riparian wetlands, lakes and reservoirs, and headwater streams. Riparian Wetlands,
reservoirs, and lower (first and second) order streams can function as nitrogen sinks. Particular stream feature
such as pools or organic debris play an important role in N removal. Water residence time was a controlling
factor for reducing N load in all these settings. In contrast, where landscape sinks are bypassed by land
management practices such as tile drains or stormwater conveyance systems, N sources pose a greater risk of
watershed N export. Low order streams generally comprise 70-85 of total stream length within a watershed;
contribute 80% of stream flow, and > 50% of the total N load delivered to all stream reaches.

Alexander, R,B, R.A. Smight and G.E. Schwarz. 2000. “Effect of stream channel size on the delivery of
Nitrogen to the Gulf of Mexico. Nature 403:756-761.

Summary:

Small headwater streams (first and second order) are most effective in protecting water quality
despite their small size. These small tributaries, which typically comprise 60-80% of stream miles in less
developed watersheds, are considered to have much greater ability to remove pollutants because of their
extensive shoreline contact. In larger streams, the proportion of stream flow interacting with bottom
sediments is considered too small to have notable effects on nitrogen dynamics.

Center for Watershed Protection, 2000. The impact of stormwater on Puget Sound Wetlands. Watershed
Protection Techniques 3(2): 670-675.

Summary:

“Small streams are more susceptible to disturbance because they are abundant in the landscape and may be
perceived to be less important. Because of their small size they are more likely to be impaired through direct
disturbance during subdivision construction, secondary backyard “improvements”, and by related changes in
flow and sedimentation. To protect these valuable small streams, maximum buffer distances are often
recommended for third order streams and smaller.”

Phosphorus

Multiple documents without dates from website of Barnstable County Board of Health:
http://www.barnstablecountyhealth.org/ (Accessed 7.02.14)

Summary: Advanced treatment systems - Advanced treatment systems are not designed to remove
phosphorus. Sand filter drain fields are not effective in removing phosphorus. Monitored data for one sand
filter showed some phosphorus attenuation initially following construction but within one year the P
concentrations entering and leaving the sand filter were the same, with no removal.

Summary:_ Alternative treatment systems - No recommendations provided on horizontal buffer distance but
addresses risks.

Findings: In a conventional system “any phosphorus which is removed in the septic system probably is
removed under the leaching facility by chemical precipitation. To date, no alternative on-site technologies are
capable of significant phosphorus removal.” Phosphorus can become mobile in anaerobic conditions such as
may occur with groundwater rise into the drainfield. Phosphorus concentrations in wastewater average about
10 mg/l.
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*Note: Advanced treatment systems typically used in Rl are not designed to remove phosphorus (G.Loomis,
Director, URI New England Onsite Wastewater Training Center). However, Holden et.al. (2004) found between
55% to 100% phosphorus reductions in pressurized shallow narrow drainfields.

Relationship between RMFs and Water Table Rise

Morgan, C.P. 2002. An investigation of soil morphology-water table relationships on Block Island. M.S. thesis.
Dept. of Natural Resources Science, College of the Environment and Life Sciences, University of Rhode Island,
Kingston, RI.

Morgan, C.P. and M.H. Stolt. 2006. Soi/ morphology-water table cumulative duration relationships in southern
New England. Soil Sci. Soc. Am. J. 70:816-824. http://www.soils.org/publications/sssaj/pdfs/70/3/816

Stolt, M.H. 2013. Relationships between soil morphology and water table levels. Presentation at the Rhode
Island Regulatory Setbacks and Buffers workshop. November 21, 2013. URI, Kingston RI.
http://www.uri.edu/ce/wg/nemo/Workshops-Support/Previous_Workshops.htm#Buffers2013

Combined Summary:

Morgan and Stolt examined the relationship between redoximorphic features (RMFs) and the frequency and
duration of water table rise in Rhode Island soils. This study focused on marginal soils where the seasonal
high water table (shwt) is estimated to be 18 to 30 inches from the ground surface based on the RIDEM soil
site evaluation procedure. Data loggers and other field monitoring devices were used to record actual water
table fluctuations.

Results show that RMFs are a good indicator of the “average shwt”, defined as the average depth of the water
table between the low and high points during the spring. However, RMFs do not identify the highest the water
table rises, or how long the water table remains high. This is a concern because OWTS design is based on the
depth to the SHWT where common abundance (2-20%) of RMFs is found. If the water table rises above this
level, the separation distance between the bottom of the OWTS drainfield and the water table will be
compromised, increasing risk that untreated bacteria will enter groundwater.

Nutrient Treatment in Shallow Drain Fields

Holden, S.A. 2004. The effectiveness of shallow narrow drainfields to treat domestic wastewater. Master’s
Thesis, Department of Natural Resources Science, University of Rhode Island, Kingston, RI, 02881. (pdf not
available)

Holden, S.A., M.H. Stolt, G.W. Loomis, and A.J. Gold. 2004. Seasonal variation in nitrogen leaching from
shallow-narrow drainfields. Proceedings of the Tenth National Symposium on Individual and Small Community
Sewage Systems, ASAE.

Combined Summary:

Seven residential sites using onsite wastewater treatment systems were monitored in coastal Rhode Island to
examine nitrogen removal by pressurized shallow narrow drainfields (PSND) following advanced treatment
units. Sites varied in age from four to six years. Five suction-cup lysimeters were installed at each site, three
within the PSND and two within a control plot outside the drainfield area. In the SND, lysimeters were installed
in the undisturbed soils adjacent to each trench at a depth of 12 inches below the drainfield lines. Control
lysimeters were placed at approximately 28 inches below the soil surface. Soil porewater samples were
collected through the lysimeters twice seasonally from the winter of 2001 until the summer of 2003 and
analyzed for total N. Average concentrations of N entering the groundwater for these seven sites ranged from
2 to 41 mg/l. Six of the seven sites showed a 33 to 73% overall reduction in N levels as a result of treatment
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in the SND. Higher chloride to nitrogen ratios in porewater below the SND indicates removal of N by plant
uptake or denitrification rather than dilution.

Seasonal affects were recognized for inputs of N into the groundwater for two of the sites — with highest levels
measured in the winter and lower levels in the spring and summer and increased levels in the fall. This trend
is likely due to reduced biological activity during colder temperatures. There were no observed seasonal
effects on the amount that N levels were reduced as a result of treatment in the SND. Porewater samples
collected from the control area of two sites had considerably higher levels of total nitrogen (TN) than those
below the SND. The higher N levels outside the SND are likely the result of excess fertilizer additions to the
lawns. Unpublished data from the Master’s thesis shows that_phosphorus reduction below the SND was 55 to
100 % due to adsorption by the soil and uptake by vegetation.
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Other Papers and Reports

Introduction

The following wetland buffer studies and synopsis papers focus on:
& General references for other types of regulatory reviews
# Buffer Zones for Amphibians / Reptiles
& Buffers Zones and Other Taxa

The topics are addressed by a variety of organizations from governmental to nonprofits. Not all of these
collected and listed here have been read on behalf of the Task Force but represent a collective knowledge of
the Literature Review Subgroup of the Task Force on the subject of wetland buffers. The publications were
scanned for additional information to supplement the wetlands and OWTS topics that were read above. A brief
summary is provided for one key paper but is not a substitute for reading the complete paper. All findings and
recommendations are those of the cited authors.

’ General References

o

&

®

®

&

®

A Local Officials Guide to Regulating Land Use in Wetland Buffers and High Water Tables to Protect Water
Quiality, Pamela Cunningham, Sea Grant Law Fellow, Roger Williams University School of Law, 2009

Berkshire Regional Planning Commission, 2003, The Massachusetts buffer manual: using vegetated buffers
to protect our lakes and rivers. Massachusetts Department of Environmental Protection

Brown, M., J. Schaefer and K. Brandt. 1990. Buffer zones for water, wetlands, and wildlife in east Central
Florida. Center for Wetlands. CFW Publication No. 89-07. Gainesville, FL. 71 pp. and Appendices.

Brown, M., and J. Schaefer with K. Brandt, S. Doherty, C. Dove, J. Dudley, D. Eifler, L. Harris, R. Noss, and
R.Wolfe. 1987. Buffer zones for water, wetlands, and wildlife. Center for Wetlands. Gainesville, FL.

Houlahan, J. E. and F. Findlay. 2004. Estimating the critical distance at which adjacent land-use degrades
wetland water and sediment quality. Landscape ecology, 19: 677-690.

http://www.umaine.edu/vernalpools/PDFs/Best%20Development%20Practices%20%20-
%20%20Conserving%20Pool-breeding%20Amph.pdf

Connecticut River Joint Commission of New Hampshire and Vermont. 2000. Fact sheet series: Riparian
buffers for the Connecticut River Watershed. Charlestown, NH. http://crjc.org/riparianbuffers.htm

Groffman, P., A. Gold, T. Husband, R. Simmons, and W. Eddleman. 1991. An investigation into multiple uses
of vegetated buffer strips. Narragansett Bay Project Report No. NBP-91-63.

Lee, P., C. Smith, and S. Boutin. 2004. Quantitative review of riparian buffer width guidelines from Canada
and the United States. Journal of Environmental Management, 70: 165-180.

Nitrogen Attenuation Bibliography, MA DEP_2007.pdf

& Palone, R.S. and A.H. Todd (editors.) 1997. Chesapeake Bay riparian handbook: a guide for establishing

and maintaining riparian forest buffers. USDA Forest Service. NA-TP-02-97. Radnor, PA.
http://www.ecrr.org/publication/watqual_doc7.pdf

Water Quality Function of Wetland Buffers: A Brief Annotated Bibliography, Nathaniel Lichtin, University of
Rhode Island Coastal Fellow, URI Cooperative Extension, Rl Nonpoint Education for Municipal Officials,
November, 2008
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Wenger, S. 1999. A review of the scientific literature of riparian buffer width, extent, and vegetation.
Institute of Ecology, University of Georgia. Athens, GA.

From Zhang, X., X. Liu, M. Zhang, and R.A. Dahlgren, 2010. A review of vegetated buffers and meta-
analysis of their mitigation efficacy in reducing nonpoint source pollution.

Summary: Buffer width alone explains only part of the effectiveness of buffers: (surface and groundwater
sources)

37% sediments

60% pesticides

44% nitrogen

35% phosphorus

[ ]
Slope, soil chemistry, soil structure, and vegetation type are other variables that correlate with removal
efficiency. Moreover, there is great variability on the effectiveness of buffers for nutrient removal; the R2
of the data is often less than 0.7, the generally accepted value of a good fit, if not far less in most cases.

Buffer Zones and Amphibians / Reptiles

&

®

Baldwin, R. F., AJ. K. Calhoun, P. G. deMaynadier. 2006. Conservation planning for amphibian species
with complex habitat requirements: a case study using movements and habitat selection of the wood frog
Rana sylvatica. Journal of Herpetology, 40(4), 442-453.

Calhoun, A. J. K. and P. G. deMaynadier. (eds.). 2008. Science and conservation of vernal pools in
northeastern North America. CRC Press. Boca Raton, FL.

Crawford, J. A. and R. D. Semlitsch. 2007. Estimation of core terrestrial habitat for stream-breeding
salamanders and delineation of riparian buffers for protection of biodiversity. Conservation Biology,
21(1):152-158.

Freidenfelds, N.A., J. L. Purrenhage, and K. J. Babbitt. 2011. The effects of clear cuts and forest buffer
size on post-breeding emigration of adult wood frogs (Lithobates sylvaticus). Forest Ecology and
Management 261: 2115-2122.

Gamble, L. R., McGarigal, K., Jenkins, C. L., & Timm, B. C. 2006. Limitations of regulated “buffer zones”
for the conservation of marbled salamanders. Wetlands, 26(2), 298-306.

Harper, E. B., T. A. G. Rittenhouse, and R. D. Semlitsch. 2008. Demographic consequences of terrestrial
habitat loss for pool-breeding amphibians: Predicting extinction risks associated with inadequate size of
buffer zones. Conservation Biology, 22(5):1205-1215.

Homan, R. N., Windmiller, B. S., & Reed, J. M. 2004. Critical thresholds associated with habitat loss for
two vernal pool-breeding amphibians. Ecological Applications, 14(5), 1547-1553.

McDonough, C. and P.W. C. Paton. 2007. Salamander Dispersal Across a Forested Landscape Fragmented
by a Golf Course. Journal of Wildlife Management. 71(4):1163-1169.

Perkins, D.W. and M.L. Hunter, Jr. 2006. Use of amphibians to define riparian zones of headwater streams.
Can. J. For. Res. 36:2124-2130.

Semlitsch, R. D. (1998) Biological Delineation of Terrestrial Buffer Zones for Pond-Breeding Salamanders.
Conservation Biology, 12(5): 1113-1119.
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& Semlitsch, R.D. and J. R. Bodie. 2003. Biological criteria for buffer zones around wetlands and riparian
habitats for amphibians and reptiles. Conservation Biology 17(5):1219-1228.

& Steen, D. A., J.P. Gibbs, K.A. Buhlmann, J.L. Carr, B.W. Compton, J.D. Congdon, J.S. Doody, J.C. Godwin,
K.L. Holcomb, D.R. Jackson, F.J. Janzen, G. Johnson, M.T. Jones, J.T. Lamer, T.A. Langen, M.V. Plummer,
J.W. Rowe, R.A. Saumure, J.K. Tucker, and D.S. Wilson. 2012. Terrestrial habitat requirements of nesting
freshwater turtles. Biological Conservation. 150:121-128.

& Veysey, J.S., K.J. Babbitt, and A. Cooper. 2009. An experimental assessment of buffer width: implications for
salamander migratory behavior. Biol. Conserv. 142:2227-2239.

& Wilson, J.D. and Dorcas, M.E. (2003) Effects of habitat disturbance on stream salamanders: Implications for
buffer zones and watershed management. Conserv. Biol. 17: 763-771.

Buffer Zones and Other Taxa

& Fisher, R.A. 2000. Width of riparian zones for birds. U.S. Army Engineer Research and Development
Center. EMRRP Technical Notes Collection. TN EMRRP-SI-09.

®

Lussier, S. M., R.W. Enser, S. N. DaSilva, and M. Charpentier. 2006. Effects of habitat disturbance from
residential development on breeding bird communities in riparian corridors. Environmental Management,
Vol. 38 (3): 505-531.

®

Rodgers, Jr., J. A. and H. T. Smith. 1997. Buffer zone distances to protect foraging and loafing water birds
from human disturbance in Florida. Wildl. Soc. Bull. 25(1): 139-145.

®

Stoffyn-Egli, P. and J. H. M. Willison. 2011 Including wildlife habitat in the definition of riparian areas: The
beaver (Castor Canadensis) as an umbrella species for riparian obligate animals. Environ. Rev. 19: 479-
493.

& Weston, M. A., M. J. Antos, and H. K. Glover. 2009. Birds, buffers, and bicycles: A review and case study
of wetland buffers. The Victorian Naturalist, 126(3): 79-86.
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OWTS

& Greenwich Bay Special Area Management Plan, 2005, Rl Coastal Resources Management Council,
Wakefield, RI
http://www.crmc.ri.gov/samp_gb.html
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& Rhode Island’s Salt Pond Region: A Special Area Management Plan (Maschaug to Point Judith Ponds),
1984 (amended 1999), RI Coastal Resources Management Council, Wakefield, Rl
http://www.crmc.ri.gov/samp_sp.html
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& Final Watershed Management Plan for Green Hill and Eastern Ninigret Ponds, South Kingstown and
Charlestown ,Rhode Island, RI DEM; Salt Ponds Technical Advisory Committee and the salt Ponds
Coalition, Horsley Witten Group 2007

Gill, L.W., O'Luanaigh, N., Johnston, P.M., Misstear, B.D.R., O~ Suilleabhain, C. ANutrient Loading on Subsoils
from On-site Wastewater Effluent, Comparing septic Tank and Secondary Treatment Systems, \Water Research
(2009), doi: 10.1016/j.watres.2009.03.02
http://www.tara.tcd.ie/bitstream/handle/2262/37766/Gill%20et%20al%20%28Nutrient%20Loading%200n%2
0Subsoils%29.pdf?sequence=1
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