





Grassed Treatment Swale

Description

A water quality grassed swale is a shallow open-channel drainageway, stabilized with
grass or other herbaceous vegetation that is designed to filter pollutants. Grassed
treatment swales are designed to promote sedimentation by providing a minimum
hydraulic residence time within the channel under design flow conditions (water
quality flow). This best management practice (BMP) may also provide some infiltration,
vegetative filtration, and vegetative uptake. Conventional grass channels and ditches
are primarily designed for conveyance. Treatment swales, in contrast are designed for
hydraulic residence time and shallow depths under water quality flow conditions. As a
result, treatment swales provide higher pollutant removal efficiencies. Pollutants are
removed through sedimentation, adsorption, biological uptake, and microbial
breakdown.

Design Considerations

o Grassed treatment swales should be
designed so that the flow travels the full
length to receive adequate treatment.

e All channels should be designed for
capacity and stability.

e Vegetation should be select based on site
soils  conditions, planned mowing
requirements (height, frequency), and
design flow velocities.

e Should not be used on slopes greater
than 4%; slopes between 1% and 2%
recommended.

Source: Georgia Stormwater Management Manual.

e Ineffective unless carefully designed to achieve low velocity rates in the channel
(less than 1.0 foot per second).

o Swale shape should be trapezoidal or parabolic.
e Swale must have greater than 835% vegetated growth prior to receiving runoff.
e Bottom of swale must be above seasonal high water table.

e Detailed design information and requirements for “the management practice” are
available in the Planning and Design Manual for the Control of Erosion, Sediment,
and Storm Water, Volume 2: Stormwater Runoff Management Manual. This
publication is available from the Mississippi Department of Environmental Quality
and online at http://www.deqg.state.ms.us.




Implementation

e Urban retrofit.

e New development.

Grass channels are well suited to a number of applications and land uses, including
treating runoff from roads and highways and pervious surfaces. The suitability of
grassed swales depends on land wuse, soil type, slope, imperviousness of the
contributing watershed, and dimensions and slope of grassed swale system. Typical
situations where grass swales can be used include roadside ditches, channels at
property boundaries, outlets for diversions and other concentrated flow areas subject
to channel erosion.

Pollutant Removal Efficiency

Pollutant Efficiency
Total Suspended Solids (TSS) S50%
Total Nitrogen 20%
Total Phosphorus 25%
Metals 30%
Pathogens (coliform, e coli) Insufficient data

Cost

Grassed swale construction costs are estimated at approximately $2.70 per square
meter ($0.25 per square foot.) These costs, however, do not include design costs,
raising the total cost to approximately $5.40 per square meter ($0.50 per square foot.)
Grassed swale costs compare favorably with other stormwater management practices.

Benefits

e Can be used as part of the runoff conveyance system to provide pretreatment.

e Grass channels can act to partially infiltrate runoff from small storm events if
underlying soils are pervious.

e Less expensive than curb and gutter systems.

e Open drainage system aids maintenance.

e Accepts sheet flow or pipe flow.

e Compatible with low-impact design (LID) measures.

e Little or no entrapment hazard for amphibians or other small animals.

Limitations

o Potential for bottom erosion and resuspension.
e Short retention time does not allow for full gravity separation.
e Limited biofiltration provided by grass lining.

e Must be designed carefully to achieve low flow rates for water quality volume
purposes (less than 1.0 foot per second).

e Mosquito control considerations.




Maintenance

o Inspect annually for erosion, sediment accumulation, vegetation loss, and presence
of invasive species.

e Perform periodic mowing; frequency depends on location and the type of grass. Do
not cut shorter than water quality flow depth (maximum 4 inches).

e Remove debris and accumulated sediment, based on inspection.

e Repair eroded areas, remove invasive species and dead vegetation, and reseed with
applicable grass mix as warranted by inspection.

Education and Outreach

The target audience for this practice is developers and decision-makers involved with
landscape-scale stormwater issues. Developers should be encouraged to include
grassed swales in the design for new and retrofit projects. Opportunities to present
information about this practice include collaborative training and workshops and the
green infrastructure (GI) incentive program. Decision-makers include city and county
government officials who approve stormwater management plans. This group will be
educated about grassed swales through participation in the watershed team and
stormwater management training.
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Vegetated Filters Strips
with Level Spreaders

Description

Vegetated filter strips, also known as filter strips, grass buffer strips, and grass filters,
are uniformly graded vegetated surfaces (i.e., grass or close-growing native vegetation)
that receive runoff from adjacent impervious areas. Filter strips are uniformly graded
and densely vegetated sections of land engineered and designed to treat runoff from
and remove pollutants through vegetative filtering infiltration. Vegetated filter strips
are designed to slow runoff velocities, trap sediment, and promote infiltration, thereby
reducing runoff volumes. Vegetated filter strips typically treat sheet flow or small
concentrated flows that can be distributed along the width of the strip using a level
spreader.
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A level spreader is constructed at a virtually zero (0%) grade across the slope
consisting of a permanent linear structure used to disperse or "spread" concentrated
flow thinly over a vegetated or forested riparian buffer or filter strip. Its purpose is to
spread concentrated water over a wide enough area so that erosion of vegetated
buffers or filter strips does not result (Van Der Wiele 2007).

Design Considerations
e Runoff from an adjacent impervious area must be evenly distributed across the
filter strip as sheet flow.

o Filter strips can be used as part of the runoff conveyance system to provide
pretreatment.




e Can provide groundwater recharge.
e Reasonably low construction cost, but has a relatively large land requirement.

o Detailed design information and requirements for vegetated filter strips with level
spreaders are available in the Planning and Design Manual for the Control of
Erosion, Sediment, and Storm Water, Volume 2: Stormwater Runoff Management
Manual, available from the Mississippi Department of Environmental Quality and
online at http://www.deq.state.ms.us, as well as in the Level Spreader Design
Guidelines, available from the North Carolina Division of Water Quality and online

at http:/ /h2o0.enr.state.nc.us/su/documents/LevelSpreaderGuidance Final -
3.pdf.
Implementation

e Urban retrofit (in limited applications).
e New development.

Typical application will be new development due to the land required, but they can be
installed as a retrofit if there is enough space. Filter strips are effective for residential
settings and small impervious areas. They are also effective as a pre-treatment device
prior to other treatment best management practices (BMPs).

Pollutant Removal Efficiency

Pollutant Efficiency
Total Suspended Solids (TSS) 40%
Total Nitrogen 20% to 30%
Total Phosphorus 20% to 35%
Metals Insufficient data
Pathogens (coliform, E. colj Insufficient data

Cost

A rough estimate of filter strip construction costs includes the cost of seed or sod,
approximately $0.30 per square foot for seed or $0.70 per square foot for sod. This
amounts to a cost between $32,000 and $74,000 per hectare ($13,000 and
$30,000 per acre) for filter strips. The cost of filter strip construction may be higher
than other stormwater management practices, but the construction costs are offset by
low maintenance costs, roughly $865 per hectare ($350 per acre) per year.
Additionally, maintenance costs might overlap with regular landscape maintenance
costs.

Benefits

e Reduces runoff volumes and peak flows.

e Slows runoff velocities and removes sediment.

e Low maintenance requirements.

e Serves as an effective pretreatment for bioretention cells.

e Can mimic natural hydrology.



http://www.deq.state.ms.us/

e Small filter strips may be used in certain urban settings.

e Ideal for residential settings and to treat runoff from small parking lots and roads.
e Can be used as part of runoff conveyance system in combination with other BMPs.
e Little or no entrapment hazard for amphibians or other small creatures.

Limitations

e Variability in removal efficiencies, depending on design.

e Little or no treatment is provided if the filter strip is short-circuited by
concentrated flows.

e Does not provide a significant amount of runoff storage to significantly reduce peak
discharge.

e Often poor retrofit option due to large land requirements.
o Effective only on drainage areas with gentle slopes (less than 6%).

e Improper grading can greatly diminish pollutant removal.

Maintenance

o Inspect filter strip at least annually for signs of erosion, sediment buildup, or
vegetation loss.

e Along the upper edge of the filter strip, the deposition of sediment may form a
“berm” that obstructs flow into the filter area or concentrates flow. The filter strip
should be inspected at least annually to detect this condition, and accumulated
sediment removed to restore sheet flow into the filter area.

e In meadows, provide periodic mowing as needed to maintain a healthy stand of
herbaceous vegetation.

¢ Remove debris and accumulated sediment, based on inspection.

Education and Outreach

The target audience for this practice is developers and decision-makers involved with
landscape-scale stormwater issues. Developers should be encouraged to include
vegetated filter strips and level spreaders in the design for new and retrofit projects.
Opportunities to present information about this practice include collaborative training
and workshops and the green infrastructure (GI) incentive program. Decision-makers
include city and county government officials who approve stormwater management
plans. This group will be educated about vegetated filter strips and level spreaders
through participation in the watershed team and stormwater management training.
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Green Roofs (b

Description

Green roofs are vegetative alternatives to traditional roofing materials. Instead of
having asphalt, gravel, or shingles on a roof, live plants and growing media are placed.

Sod-covered houses were common throughout much of Europe and western North
America, yet new technologies are allowing for their use on modern residential,
commercial, and industrial buildings. A green roof typically consists of vegetation, a
growing medium, impermeable membranes, drainage, and sometimes supplemental
irrigation. Green roofs help to mitigate the effects of urbanization on water quality by
filtering, absorbing, or detaining rainfall.

Green roofs are either intensive or extensive,
referring to the soil media depth and ultimate
weight upon the roof.

Intensive green roofs have growing media
ranging from 8 inches to 24 inches in depth,
which allow for the inclusion of larger shrubs
and even trees, with weight loads ranging
from 60 to 200 pounds per square foot.
Intensive  roofs require more regular
maintenance and are suited to structures
that can support heavier loads.

Source: Mississippi State University

Extensive green roofs have shallower soils
ranging from 2 inches to 7 inches in depth, typically allowing for herbaceous plants
and groundcovers, and weight loads ranging from 16 to 35 pounds per square foot.
This is usually more suitable for existing roof types as it is lighter in weight.
Maintenance considerations are generally lower for extensive types.

With any green roof project, an architect or structural engineer should determine the
weight loads that the roof will support.

Design Considerations

e The location of the green roof is very important in the design, which is influenced
by factors such as height above ground, wind exposure, and sunlight and shade by
surrounding buildings.

e A building must be able to support the loading of green roof materials under fully
saturated conditions.




e Detailed design information and requirements for green roofs are available in the
Planning and Design Manual for the Control of Erosion, Sediment, and Storm Water,
Volume 2: Stormwater Runoff Management Manual. This publication is available
from the Mississippi Department of Environmental Quality and online at
http:/ /www.deq.state.ms.us.

Implementation

e Urban retrofit.

e New development.

Green roofs can be applied to new construction or retrofitted to existing construction.
They are applicable on residential, commercial, and industrial buildings and are easily
constructed on roofs with up to a 20% slope. Many cities such as Chicago and
Washington, DC, are actively encouraging green roof construction as a means to
reduce stormwater runoff and combined sewer overflows. Other municipalities are
encouraging green roof development with tax credits or density credits, or by allowing
a small impervious credit to be applied to other structural best management practice
(BMP) requirements.

Green roofs are applicable in all parts of the country. In climates with extreme
temperatures, green roofs provide additional building insulation, which makes them

more financially justifiable for many facility operators.

Pollutant Removal Efficiency

Pollutant Efficiency
Total Suspended Solids (TSS) Insufficient data
Total Nitrogen Insufficient data
Total Phosphorus Insufficient data
Metals Insufficient data
Pathogens (coliform, E. colj Insufficient data

Cost

Extensive green roofs range in price from approximately $5 per square foot to $20 per
square foot. However, there are significant cost savings associated with reducing
energy consumption and longer roof lifespan. For instance, the green roof on the Gap
building in San Bruno, California, more than covered the additional cost associated
with its construction through energy savings within a few years. Annualized costs
should be lowered considerably by the roof's increased lifespan. Furthermore, some
municipalities offer incentives to help defray the higher up-front costs of green roof
construction.

Intensive green roofs can be considerably more expensive than extensive green roofs.
Estimates range from $20 to $80 per square foot. Other benefits should be taken into
account, however, such as recreational space provided and costs relative to the price
of land in an area.



http://www.deq.state.ms.us/

Benefits

e Reduces volume and peak rate of runoff from more frequent storms.
e Reduces heating and cooling costs for the buildings.

e May extend life expectancy of the roof by shielding the roof from ultraviolet rays
and temperature.

e Provides sound insulation.

e Ideal for redevelopment or in the ultra-urban setting.

Limitations

e Precipitation captured by green roofs (through interception, storage, plant uptake,
evapotranspiration) is not recharged to groundwater.

e If green roofs require irrigation to maintain plans, they may reduce the volume of
water available for other purposes.

e May require additional structural strengthening if used for retrofit.

Maintenance

Immediately after construction, green roofs need to be monitored regularly to ensure
the vegetation thrives. During the first season, green roofs may need to be watered
periodically if there is not sufficient precipitation. After the first season, extensive
green roofs may only need to be inspected and lightly fertilized approximately once per
year. The roofs may need occasional weeding and may require some watering during
exceptionally dry periods. If leaks should occur in the roof, they are relatively easy to
detect and fix. Intensive green roofs need to be maintained as any other landscaped
area. This can involve gardening and irrigation, in addition to other roof maintenance.
Green roofs are less prone to leaking than conventional roofs. In most cases, detecting
and fixing a leak under a green roof is no more difficult than doing the same for a
conventional roof.

Education and Outreach

Implementation of this practice is voluntary and would be applied on individual lots
and homes. For these reasons, the target audience for this practice is the general
public.
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Rain Barrels/Cisterns

Description

Rain barrels and cisterns are structures that store rooftop runoff and reuse it for
landscaping and other non-potable uses. Rain barrels and cisterns are low-cost
water-conservation devices that reduce runoff volume and, for very small storm
events, delay and reduce the peak runoff flow rates. Cisterns are essentially
large-scale rain barrels.

Design Considerations

o Cisterns or rain barrels can be applied across
various site conditions.

e Rain barrels and cisterns can be implemented
without the use of pumping devices, instead
relying on gravity flow.

e Sizing is based on expected water demands,
rainfall patterns, and cistern system costs.

e Detailed design information and requirements
for rain barrels/cisterns are available in the
“Cisterns/Rain Barrels” section of the Florida
Field Guide to Low Impact Development. This & X R i
publication is available from the University of Source: Massachusetts Stormwater Handbook
Florida IFAS Extension, and online at
http:/ /buildgreen.ufl.edu/Fact %20sheet Cisterns Rain Barrels.pdf.

Implementation

e Urban retrofit.

e New development.

Cisterns and rain barrels are applicable to most commercial and residential properties
where there is a gutter and downspout system to direct roof runoff to the storage tank.
They take up little room and can be used in dense urban areas. Rain barrels and
cisterns are excellent retrofit techniques for almost any circumstance.

Pollutant Removal Efficiency

Rain barrels and cisterns do not provide primary pollutant removal benefits. However,
similar to the benefits of green roofs, rainwater harvesting with cisterns reduces
stormwater runoff through interception, reducing stress of downstream management
and treatment systems.



http://buildgreen.ufl.edu/Fact_%20sheet_Cisterns_Rain_Barrels.pdf

Cost

Materials and installation costs vary substantially across cistern applications,
depending on the source (e.g., manufactured or pre-fabricated versus constructed
onsite), storage capacity (size), location (above- or below-ground), and structural
material. A single residential rain barrel with typical attachments and accessories
costs around $50 for the parts for self-assembly and $200 assembled, whereas cistern
costs can start at about $1,500 and a large commercial cistern can cost thousands or
tens of thousands of dollars. These upfront costs can be partially offset by reduced
demand for potable water, but they do not directly offset regularly incurred materials
and installation costs of conventional stormwater system components.

Benefits

e Can reduce water demand for irrigation or other non-potable uses.

e Property owners save money on water bills by using stored water for landscape
purposes.

e Public water systems may experience lower peak demand in summer.

e When properly installed, rain barrels and cisterns reduce stormwater runoff
volume for small storms.

Limitations

e Provides mosquito-breeding habitat unless properly sealed.

e May need to be disconnected and drained in winter to avoid cracking of storage
structure.

Maintenance

Rain barrels and cisterns require minimal maintenance. The tank should be cleaned
out about once a year if debris is present. Gutters and downspouts should be
inspected regularly and kept clear. If a first-flush bypass system is used, remove
debris from the bypass and make sure drain holes are kept open so that the system
functions properly. No maintenance is required to prevent mosquito breeding in a rain
barrel if all surfaces at the downspout entrance are sealed. However, the seals should
be inspected periodically, and if mosquitoes become a problem, mosquito dunks
(floating, donut-shaped briquettes containing the biological insecticide Bacillus
thuringiensis) should be used.

Education and Outreach

Implementation of this practice is voluntary and would be applied on individual lots
and homes. For these reasons, the target audience for this practice is the general
public.
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Planned Unit Development &

Description

Planned unit development, also called 'cluster development" or “open space
development,” is an alternative site planning technique that concentrates development
in a compact area to reserve undeveloped space elsewhere on the site. In this
technique, lot sizes, setbacks, and frontage distances are minimized to allow for open
space. Open space areas are often used for neighborhood recreation, stormwater
management facilities, or conservation purposes. Open space that is preserved in a
natural condition needs little maintenance and helps to reduce and sometimes treat
stormwater runoff from development. Open space design is most applicable in areas
with moderate base zoning density requirements (less than six dwelling units per
acre).

Design Considerations

Open space development is allowed in
zoning ordinances in Rankin and Madison
counties in areas designated as Planned
Urban Development (PUD) districts. PUD
districts are superimposed over residential
developments. They must maintain the
density requirements over the residential
zone over which they are imposed.
However, minimum lot size and width can
be reduced and remaining land reserved in
contiguous tracts of common open space
for use by residents.

Photo by Angie Tornes, National Park Service.
Source: Milwaukee River Basin Partnership (2003).

Detailed design information and requirements for planned unit developments are
available in the Planning and Design Manual for the Control of Erosion, Sediment, and
Storm Water, Volume 2: Stormwater Runoff Management Manual. This publication is
available from the Mississippi Department of Environmental Quality (MDEQ) and
online at http://www.deq.state.ms.us.

Implementation

e New development.



http://www.deq.state.ms.us/

Pollutant Removal Efficiency

Open space developments can reduce impervious surfaces from 40% to 60% when
compared to conventional subdivision designs.

Pollutant/Parameter Efficiency
Annual Runoff Volume 20% to 60%
Total Suspended Solids (TSS) Not measured
Total Nitrogen 40% to 60%
Total Phosphorus 40% to 60%
Metals Not measured
Pathogens (coliform, E. colj Not measured

Benefits
e Decreased development costs due to less road building and construction of
structural stormwater management practices.

e Maintenance costs are low as long as land is kept in its natural state
(approximately $75 per acre per year).

e Can provide affordable housing to residents.
e Enhanced quality of life and recreational opportunities for residents.

Limitations

e Smaller lots may be perceived as less marketable.

e Delays in the review of plans for cluster development are expected since they
require a special exemption from current zoning requirements.

e Open space must be managed by a homeowner association or separate entity.
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Fertilizer and
Herbicide Application

Description

Urban landscape maintenance activities include vegetation removal, herbicide and
insecticide application, fertilizer application, and watering. All of these maintenance
practices have the potential to contribute pollutants to the storm drain system. The
major objective of this best management practice (BMP) is to minimize the discharge of
pesticides, herbicides, and fertilizers to the storm drain system and receiving waters in
urban areas.

Integrated pest management (IPM), a sustainable approach to managing pests by
combining biological, cultural, physical, and chemical tools, is described in more detail
in a separate Fact Sheet.

Design Considerations

This design for this BMP includes a set of recommendations that apply to homeowners
and professionals engaged in landscape maintenance activities. Fertilizers and
pesticides should be used on lawns and gardens only when necessary. Use can be
minimized by selecting hearty plants that are native to the area (see Table 1 and
http:/ /www.msucares.com for lists of native plants and shrubs). If it is necessary to
use chemical pesticides, the least toxic pesticide that targets the specific pest in
question should be chosen. Particular attention should be paid to areas of high-
intensity management, such as cemeteries and golf courses, which may contribute
large amounts of excess fertilizer and pesticides to runoff.

=

Planting of native vegetation in Jackson, Mississippi. Planting of native vegetation in Jackson, Mississippi.
Source: Mississippi Museum of Natural Science Source: Mississippi Museum of Natural Science
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Table 1. Native plant and shrub species.

Plant Type Recommended Species
Groundcovers e Liriope e Holly leaf fern
e Monkey grass e Indigo bush
e Asian jasmine e Sword fern
e Ardisia e Sedum
o Aspidistra e Setcreasea
e Dwarf bamboo
Perennials e Daylily e Evening primrose
e Stokes aster e Louisiana phlox
e Lantana e Narrow leaf sunflower
e Verbena e Rain lily
e Black-eye Susan e Louisiana iris
e Purple coneflower e Wild petunia
Shrubs e Butterfly bush e Spirea
e American beautyberry o Vitex
e Flowering quince e Oleander
e Forsythia e FElaeagnus
e Holly e Wax myrtle
e Virginia willow e Yaupon holly
e Summersweet
Trees e Ironwood e Sweetgum
e Parsley hawthorne e Black gum
e Live oak e Willow oak
e Southern magnolia e Winged sumac
e American holly e Bald cypress
e Red maple

Source: http://msucares.com/lawn/landscape/sustainable/maintenance.html

Follow all federal, state, and local laws and regulations governing the use, storage,
and disposal of fertilizers and pesticides and training of applicators and pest
control advisors.

Use pesticides only if there is an actual pest problem (not on a regular preventative
schedule).

Do not use pesticides if rain is expected. Apply pesticides only when wind speeds
are low (less than 5 mph).

Do not mix or prepare pesticides for application near storm drains.

Prepare the minimum amount of pesticide needed for the job and use the lowest
rate that will effectively control the pest.

Employ techniques to minimize off-target application (e.g., spray drift) of pesticides,
including consideration of alternative application techniques.

Calibrate fertilizer and pesticide application equipment to avoid excessive
application.

Periodically test soils for determining proper fertilizer use.




e Sweep pavement and sidewalk if fertilizer is spilled on these surfaces before
applying irrigation water.

e Purchase only the amount of pesticide that you can reasonably use in a given time
period (monthly or annually, depending on the product).

e Dispose of empty pesticide containers according to the instructions on the
container label.

e Detailed design information and requirements for pesticide and fertilizer BMPs are
available in Conservation Practice Standard Code 595: Integrated Pest Management.
This publication is available from the Natural Resources Conservation Service and
online at http://www.nrcs.usda.gov/technical/standards/nhcp.html.

Implementation

This practice can be practiced by homeowners and professional landscaping crews in
any maintained area of vegetation.

Pollutant Removal Efficiency

Pollutant removal efficiency depends on the actual practices used by the individuals.
Overuse and misuse of fertilizers and pesticides are common in urban areas. Proper
use could significantly reduce fertilizers and pesticides transported in urban
stormwater.

Cost

Proper landscape activities are very cost effective. Promoting the growth of healthy
plants that require less fertilizer and pesticide applications minimizes labor and
maintenance costs of lawn and garden care. Using water, pesticides, and fertilizers
only when necessary and replacing store-bought fertilizers with compost material can
increase the savings for a property owner as well as benefit the environment.

Benefits

e Proper landscaping techniques can effectively increase the value of a property.
Attractive, water-efficient, low maintenance landscapes can increase property
values between 7% and 14% (US Environmental Protection Agency [EPA] 1993).

e Reduced landscape maintenances costs for homeowners.

Limitations
e Due to the extremely hot summers experienced in central Mississippi, some
irrigation may be needed during dry periods.

e Mississippi soils contain low levels of organic material and may need additional
nutrients to support plant growth.

e Compliance is voluntary. It is not practical to monitor landscaping practices on
residential properties.



http://www.nrcs.usda.gov/technical/standards/nhcp.html

Education and Outreach

The target audience for this BMP includes homeowners and professional lawn
services. Professional service suppliers might over apply fertilizers and pesticides to
better please customers, and homeowners may not know the proper amounts of
fertilizer and pesticides to use. Both groups might apply lawn-care chemicals too close
to waterbodies. Local governments conduct education programs for local citizens. If
funding is available, local governments can start programs for area-wide composting
using yard waste picked up at the curb. The compost could be sold, given to local
gardeners, or used in municipal management.
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Disconnected Impervious
Areas <

Description

Runoff from connected impervious surfaces commonly flows directly to a stormwater
collection system with no possibility for infiltration into the soil. For example, roofs
and sidewalks commonly drain onto roads, and the runoff is conveyed by the roadway
curb and gutter to the nearest storm inlet. Runoff from numerous impervious drainage
areas may converge, combining their volumes, peak runoff rates, and pollutant loads.
Disconnection decouples roofs, roadways and other impervious areas from stormwater
conveyance systems, allowing runoff to be collected and managed on site or dispersed
into the landscape. Runoff is redirected onto pervious surfaces such as vegetated
areas, reducing the amount of directly connected impervious area and potentially
reducing the runoff volume and filtering out pollutants.

Most impervious area in the Florence Gardens
subdivision in Gulfport, Mississippi, drains into
vegetated areas. Homes are clustered close
together and rooftops drain into landscaped
areas (upper left). Meadow areas and native
vegetation treat runoff from walking trails
(upper right). Grassed swales carry stormwater
from sidewalks and roads. Sidewalks are built
only on one side of the street, and curb and
gutter systems are not needed. All photos by
Laura Sheely.




Design Considerations

. Disconnected areas should be graded so that stormwater runoff becomes sheet
flow and is directed to a vegetated filter strip, bioretention basin, or pervious
landscaped areas for treatment.

. Disconnection can also reduce the calculated peak discharge rate by increasing
the time of concentration.

o Lower runoff velocities will result in greater contact time with the soil,
potentially increasing the runoff volume lost to infiltration.

. Factors influencing runoff velocity include slope and surface roughness.
Decreasing the slope and increasing surface roughness will reduce the runoff
velocity. The time of concentration can also be increased by increasing the
length of the flow paths, (for instance, by increasing circuitousness).

Implementation
. Urban retrofit.
. New development.

Disconnection practices may be applied in almost any location, but impervious
surfaces must discharge into a suitable receiving area for the practices to be effective.
Runoff must not flow toward building foundations or onto adjacent private property.
Typical receiving areas for disconnected impervious runoff include vegetated best
management practices (BMPs) (e.g., filter strips or bioretention) and other existing
landscaping such as shrubs.

Pollutant Removal Efficiency

Water quality benefits are gained from disconnection practices because a percentage of
the overall stormwater volume infiltrates into pervious areas or is lost through
evapotranspiration. Pollutant load from impervious areas is a product of pollutant
concentration and the stormwater volume. Disconnection practices decrease the total
volume of stormwater discharged to receiving waterbodies. Therefore, the reduction in
pollutant and nutrient loading attributed to disconnection is dependent upon the
reduction in stormwater volume.

The pollutant removal efficiency is also dependent on the type of area to which the
stormwater is diverted. For example, if stormwater is diverted to a properly designed
bioretention basin, the pollutant removal should be equivalent to the levels expected
for bioretention. Pollutant removal rates for various bioretention, filtering, and
vegetative BMPs are included in their respective fact sheets.

Cost

There is generally assumed to be little cost associated with implementing a
disconnection program. Disconnecting roofs requires simple modifications typically
costing $100 or less. However, there will likely be costs associated with maintaining




the areas where stormwater is directed. Bioretention basins, vegetated swales, or other
vegetative areas may need to be constructed if they are not already present.

Benefits

Routing runoff to vegetated areas will reduce the peak discharge and stormwater
volume by providing an opportunity for infiltration and evapotranspiration. The
potential exists for runoff to be completely taken “out of the system” by spreading it
out and infiltrating it over pervious surfaces and BMPs. The impact of disconnection
on stormwater volume and peak discharge is dependent upon the area to which the
stormwater is directed.

Limitations

o Most disconnection systems can handle stormwater from only a small amount
of impervious surface area. Most design manuals recommend a maximum area
of 500 square feet per system. Thus, applications are limited to residential or
small commercial areas. Multiple treatment areas for larger disconnected areas
are required.

. Rain gardens and other BMPs can create flooding and visual nuisance if not
properly designed and maintained

Maintenance

Related maintenance activities are primarily focused on the areas designated to receive
stormwater runoff. Infiltration areas should be routinely checked to ensure that they
are free of debris and trash. Both vegetated and constructed infiltration areas should
be inspected for sediment accumulation. Additionally, receiving areas should be
inspected for signs of channelized flow and signs of compaction.

Education and Outreach

The target audience for this practice is developers and decision makers. Developers
should be encouraged to include bioretention in the design for retrofit and new
projects. Opportunities to present information about this practice include collaborative
training and workshops and the green infrastructure incentive program. Decision
makers include city and county government officials who approve stormwater
management plans. This group will be educated about bioretention basins through
participation in the watershed team and stormwater management training. Education
of officials is vital to preventing delays or difficulties in the permit approval process
that may occur when GI practices are used in place of conventional practices. Property
owners will be encouraged to use bioretention in model retrofit projects.
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Riparian Buffer/
Vegetated Buffer

Description

Riparian buffers are natural or constructed low-maintenance ecosystems adjacent to
surface waterbodies, where trees, grasses, shrubs, and herbaceous plants function as
a filter to remove pollutants from overland stormwater flow and shallow groundwater
flow prior to discharge to receiving waters. Maintaining a vegetated buffer along
creeks, streams, and rivers provides an attractive landscape and can improve water
quality by removing sediment and chemicals before they reach the waterway. In
addition, buffers provide flood control, help recharge groundwater, prevent soil
erosion, and preserve or improve certain types of wildlife habitat.

The primary objective of the buffer strip should be determined prior to design. Various
objectives might include protection of water quality, streambank stabilization,
downstream flood attenuation, or provision of wildlife habitat or movement corridors.

Design Considerations

The width, length, and plant
composition of a buffer will determine
its effectiveness, and should be based
on the objective of the buffer strip.

Stormwater flow to buffer should
generally enter as sheet flow.

Slope of buffer should not be greater
than 6%.

Level spreaders are required if flow to
buffer is concentrated.

An effective wurban riparian buffer
design consists of three preservation | %
zones. Zone 1 is on the stream or Source: Paxton Creek Watershed & Education Association
shoreline side and includes

undisturbed forest to provide shade and stabilize banks. Zone 2 is the middle zone
and should also be forested, but limited clearing is acceptable as well as passive
recreational uses. Zone 3 is the outer zone, which is the buffer between the
forested zones and development. This zone provides initial removal of pollutants.

Establishing continuous riparian forest buffers in the landscape should be given a
higher priority than establishing fragmented buffers. Continuous buffers provide
better stream shading and water quality protection, as well as corridors for the
movement of wildlife.

Detailed design information and requirements for riparian/vegetated buffers are
available in the Planning and Design Manual for the Control of Erosion, Sediment,
and Storm Water, Volume 2: Stormwater Runoff Management Manual. This




publication is available from the Mississippi Department of Environmental Quality
and online at http://www.deq.state.ms.us.

Implementation

e Urban retrofit.
e New development (preservation of existing buffers).
e Pasture and row-crop areas that boarder perennial streams or drainage channels.

Revegetated riparian buffers can be installed along the bank of any stream, creek, or
waterbody within the watershed. The plantings should be native species that will
thrive in the local climate where installed.

Pollutant Removal Efficiency

Placement of the buffer strip within the watershed will determine its effectiveness.
Buffers installed higher within the watershed are more effective at removing
pollutants. The efficiencies given in the table are considered “average” values of
efficiency.

Pollutant Efficiency
Total Suspended Solids (TSS) 60%
Total Nitrogen 30%
Total Phosphorus 35%

Riparian Vegetation for the Reservoir Watershed

Native species of shrubs, trees, and grasses should be used for revegetation of riparian
buffers. Native vegetation is adapted to survive in the climate and soil conditions of
Mississippi and requires less maintenance (fertilizer, watering, etc). Recommended
vegetative plantings for the areas nearest to streams (Zone 1) include the following
non-woody species: switchgrass (Panicum virgatum), soft rush (Juncus effusus and
Juncus spp.), soft stem bulrush (Scirpus validus), maidencane (Panicum hemitomon),
and water willow (Dianthera americanad). Suitable woody trees and shrubs are
numerous and include willow (Salix spp.), cypress (Taxodium distichum), overcup oak
(Quercus lyrata), pin oak (Quercus palustris), Nuttall oak (Quercus texana), red maple
(Acer rubrum), sycamore (Platanus occidentalis), river birch (Betula nigra), water tupelo
(Nyssa aquatica), green ash (Fraxinus pennsylvanica), and sweetbay magnolia
(Magnolia virginiana). Suitable shrub species include buttonbush (Cephalanthus
occidentalis), common alder (Alnus serrulata), elderberry (Sambucus canadensis), red
chokeberry (Aronia arbutifolia), Virginia sweetspire (Itea virginica), deciduous holly (Ilex
decidua), and nonflowering dogwood (Cornus amomum and C. foemina). Rose mallow
(Hibiscus moscheutos) is a non-woody perennial that is shrub-like in appearance and
provides large colorful flowers. Trees for areas farther away from the shoreline include
all of those listed above; these tree species are especially tolerant of root flooding for
long periods but will also thrive further from the shoreline. The Mississippi State
University Extension Service has developed the following excellent guides for selecting
appropriate native vegetation: Native Trees for Mississippi Landscapes and Native
Shrubs for Mississippi Landscapes (Brzuszek 2007a, 2007b). The University of Georgia




Marine Extension Service has developed a list of plants appropriate for riparian buffer
restoration. Many of the trees, shrubs, and grasses listed in this publication
(University of Georgia Marine Extension Service, no date) will most likely be effective
for the Reservoir watershed.

Whether riparian buffers should be revegetated with trees or grasses is a question of
ongoing discussion. Both grass and forest buffers can reduce levels of nutrients and
sediments from surface runoff, and reduce levels of nitrates from subsurface flows.
Grass buffers are more quickly established, and in terms of sediment removal, may
offer greater stem density to decrease the velocity of water flow and provide greater
surface area for sediments to be deposited. Forested buffers, though, offer the
advantage that the woody debris and stems may offer greater resistance and are not as
easily inundated, especially during heavy floods (US Environmental Protection Agency
[EPA] Chesapeake Bay Program Forestry Work Group 1993). Higher rates of
denitrification are often observed in forested buffers, presumably due to the greater
availability of organic carbon and interactions which occur between the forest
vegetation and the soil environment (Lowrance et al. 1995; Correll 1997).

Cost

Planting costs depend on geographic location, number of acres planted, number of
trees planted per acre, species of trees, and whether or not the trees are from bare root
or container stock. Grass buffers tend to cost less than forest buffers to plant and
maintain.

Cost-share and incentive programs exist for the preservation of riparian buffers, for
the removal of riparian areas from agriculture production, and for riparian restoration.
The US Department of Agriculture (USDA) Natural Resources Conservation Service
(NRCS) is usually the lead federal agency. The programs are typically available in
agricultural areas; there are no known cost-share programs in urban areas. Known
cost-share/incentive programs include Conservation Reserve Program, the Wetland
Reserve Program, and the US Fish and Wildlife Service’s Partners for Fish and Wildlife
Program.

Benefits

e Offers numerous aesthetic and passive recreational benefits.
e Provides water quality treatment, erosion control, and water temperature benefits.

e Builds support for greenways within riparian buffers in urban and suburban
watersheds by maintenance of trails that are well-constructed, well-marked, and
well-signed.

e Creates shade, which improves the habitat for aquatic organisms.
e Stabilizes the shoreline and eroding stream banks.

e Has low maintenance requirements once established.

e Can increase property values.

e Provides food and habitat for wildlife.




Limitations

e Sometimes seen as unkempt public areas.

e Can be perceived as interfering with views of streams, especially with shrubby
bank-side vegetation.

e In the worst cases, can be abused as places for dumping trash and litter.

e May require development and adoption of an ordinance for urban application.
e Will not repair damaged shorelines.

e May obstruct views of the Reservoir.

e Urban runoff can concentrate rapidly from paved areas and cut across the buffer
as channel flow, eliminating the intended function of passing through the buffer.

Maintenance

o Inspect buffer at least annually for signs of erosion, sediment buildup, or
vegetation loss.

e [If a meadow buffer, provide periodic mowing as needed to maintain a healthy stand
of herbaceous vegetation.

e If a forested buffer, then the buffer should be maintained in an undisturbed
condition, unless erosion occurs.

e If erosion of the buffer occurs, eroded areas should be repaired and replanted with
vegetation similar to the remaining buffer. Corrective action should include
eliminating the source of the erosion problem, and may require retrofit with a level
spreader.

e Remove debris and accumulated sediment, based on inspection.

Education and Outreach

The target audience for this practice is developers and decision-makers involved with
landscape-scale stormwater issues. Developers should be encouraged to include
riparian buffers in the design for retrofit projects as well as to maintain existing
buffers in undeveloped areas. Opportunities to present information about this practice
include collaborative training and workshops and the green infrastructure (GI)
incentive program. Decision-makers include city and county government officials who
approve stormwater management plans. This group will be educated about riparian
buffers through participation in the watershed team and stormwater management
training. Education of officials is vital to preventing delays or difficulties in the permit
approval process that may occur when GI practices are used in place of conventional
practices. Property owners will be encouraged to use restored riparian buffers in model
retrofit projects.
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Gully Repair

Description

Gullies are a severe form of erosion typically caused by concentrated water flow on
erosive soils. Concentrated water flow may begin as minor sheet flow, produce rills,
and eventually result in major gully formation. Due to the highly erosive nature of
soils in the Reservoir watershed, gullies tend to form easily on any area of exposed
soil. Gullies can have major impacts on an area by risking collapse of roads and taking
land out of production. They are a major source of sediment. Once formed, gullies
typically grow with time and will continue down-cutting until resistant material is
reached. They also expand laterally as they deepen. Gullies often form at the outlet of
culverts or cross-drains due to the concentrated flows and relatively fast water
velocities. Gullies can form in forested areas along roads, if there are erosive soils or
structures that cause concentrated water flow.

Design Considerations

The design needed to stabilize a gully

depends on the size of the gully, soil

types, and slopes. Small gullies can s ;:%_g_ﬁ_ga_,q._.-,. )
sometimes be managed and prevented R ——
from growing simply by establishing
vegetation in the channel and along the
side walls. Stabilizing small gullies
shortly after they form is always
simpler and less expensive than
repairing large gullies. Stabilization of
larger  gullies  typically requires
removing or reducing the source of
water flowing through the gully and
refilling the gully with dikes, or small
dams, built at specific intervals along
the gully. Reshaping and stabilizing
over-steep banks may also be needed.

Source: Mississippi Department of Environmental Quality

For large gullies, bioengineered stabilization structures are needed. These can be
constructed of rock, gabions, logs, wood stakes with wire or brush, bamboo, or
vegetative barriers. Bioengineering methods offer a combination of physical structure
along with vegetative measures for physical protection as well as additional long-term
root support and aesthetics. In large gullies, a headcut structure is sometimes needed
to stabilize the upslope, or top-most portion of the gully, and prevent additional
headward movement. Grade stabilization structures are typically used to prevent the
formation and advancement of gullies in row crop and pasture areas.




Live gully repair is a method that alternating layers of live branch cuttings and
compacted soil to repair small rills and gullies a maximum of 2 feet wide and 1 foot
deep. This method involves planting live branch cuttings and compacted fill material.

Detailed design information (including a diagram) and requirements for gully repair
are available in Water Related Best Management Practices in the Landscape. This
publication is available from the Center for Sustainable Design and online at
http:/ /www.abe.msstate.edu/csd/NRCS-BMPs/pdf/streams/bank/livegully.pdf.

Implementation
e Urban areas (gullies often form near roads on areas with exposed soil and
concentrated flows).

e Row-crop agriculture and pasture (gullies may form near areas with steep grades
and disturbances of the soil).

Pollutant Removal Efficiency

Specific pollutant removal efficiencies of gully stabilization structures are not
available. The pollutant loads reduced depend on the size of the gully and the nutrient
content of the soil. A large gully in a row-crop or pasture area can contribute as much
as 40 tons per acre per year of sediment.

Cost
The cost of repairing an individual gully is highly variable and project-dependent.

NRCS cost-sharing programs are available for producers to repair gullies on their
property.

Benefits

e Land area lost to gullies can be costly to producers and cause significant damage
in urban areas.

e Reduces contributions of sediments and associated nutrients to downstream
waterbodies.

Maintenance

e Inspect on a routine basis.

e Repair and re-vegetate as needed.

Education and Outreach

The target audiences for this practice are landowners who manage row-crop and
pasture lands and local leaders who manage road construction and maintenance. It is
up to the individual landowners to recognize the formation of gullies on their
properties. Local leaders also need to be able to identify gullies and understand the
methods of repairing them. Education targeted for these audiences should stress the
need for prevention and early intervention, which will result in significantly lower costs
than cost of repairing a major gully.
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Branch Packings

Description

Branch packing is used to repair small, localized slumps and holes in streambanks. It
consists of alternating layers of live branches and compacted backfill. Branches trap
sediment that refills the localized slump or hole, while roots spread throughout the
backfill and into the surrounding earth to form a unified mass.
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Source: Lake Wallenpaupack Homeowner Streambank and Shoreline Restoration Handbook.

Design Criteria

Detailed design information and requirements for branch packings are available in the
Planning and Design Manual for the Control of Erosion, Sediment, and Storm Water,
Volume 1: Erosion and Sediment Control Manual. This publication is available from
the Mississippi Department of Environmental Quality and online at
http:/ /www.deq.state.ms.us.



http://www.deq.state.ms.us/

Applications and Effectiveness

e Repairs slumps and holes in streambanks (ranging from 2 to 4 feet in height and
depth and 4 feet in width) effectively and inexpensively.

e Retards runoff and reduces surface erosion and scour as plant tops begin to grow.

e Establishes a vegetated streambank rapidly.

¢ Enhances conditions for colonization of native vegetation.

e Provides immediate soil reinforcement.

e Serves as tensile inclusions for reinforcement once live branches are installed.

Applicability in Reservoir Watershed

e Areas where bank scouring is observed.

e Areas where minimal to no site disturbance is desirable.

e Areas where rapid establishment of riparian vegetation is desirable.
e Areas where low slope lengths are a limiting factor.

Cost
Material costs of branch packings are typically $5 per packing.

Maintenance

e Regular maintenance until vegetation is stabilized.
e Repair and maintenance as needed, typically after each significant storm event.
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Coconut Fiber Rolls

Description

A coconut fiber roll (Coir™ log) is used to protect a bank’s toe and to define its edge. It
is a cylindrical structure composed of coconut husk fibers bound together with twine
woven from coconut fiber. This product is most commonly manufactured with a
diameter of 12 inches and a length of 20 feet. However, purchases of prefabricated
rolls can be expensive. Stakes or duckbills can be used to anchor it in place at the toe
of the slope, generally at the ordinary high-water mark or bankfull level.
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Design Criteria

Detailed design information and requirements for coconut fiber rolls are available in
the Planning and Design Manual for the Control of Erosion, Sediment, and Storm Water,
Volume 1: Erosion and Sediment Control Manual. This publication is available from
the Mississippi Department of Environmental Quality and online at
http:/ /www.deq.state.ms.us.

Applications and Effectiveness

e Protects slopes from shallow slides or undermining.

e Molds to existing curvature of the streambank.

e Traps sediment in and behind the roll.

e Produces a well-reinforced toe without much site disturbance.

o Lasts an estimated 6 to 10 years (to be confirmed by manufacturer).

Applicability in Reservoir Watershed

e Areas where protection is desired above and below bankfull depth.

e Areas where grading is difficult; coconut fiber logs provide flexibility.
e Areas where minimal to no site disturbance is desirable.

e Areas where bank protection is required from shallow slides.

e Areas where low slope lengths are a limiting factor.

Cost
Coconut fiber logs cost approximately $0.30 to $0.75 per square foot.

Maintenance

e Regular maintenance until vegetation is stabilized
e Repair and maintenance as needed, typically after each significant storm event.
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Live Crib Walls

Description

A live cribwall is used to rebuild a bank in a nearly vertical setting. It consists of a
boxlike interlocking arrangement of untreated log or timber members. The structure is
filled with rock at the bottom and soil beginning at the ordinary high water mark or
bankfull level. Layers of live branch cuttings root inside the crib structure and extend
into the slope. Once the live cuttings root and become established, vegetation
gradually takes over the structural functions of the wood members.
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Design Criteria

Detailed design information and requirements for live crib walls are available in the
Planning and Design Manual for the Control of Erosion, Sediment, and Storm Water,
Volume 1: Erosion and Sediment Control Manual. This publication is available from
the Mississippi Department of Environmental Quality and online at
http:/ /www.deq.state.ms.us.



http://www.deq.state.ms.us/

Applications and Effectiveness

e Appropriate at the base of a slope where a low wall may be required to stabilize the
toe of the slope and to reduce its steepness.

e Appropriate above and below the water level where stable streambeds exist.

e Useful where space is limited and requires a more vertical structure.

e Useful in maintaining a natural streambank appearance.

e Useful for effective bank erosion control on fast flowing streams.

e Tilt back.

e Complex and expensive.

o Effective on outside bends of streams where strong currents are present.

o Effective in locations where an eroding bank may eventually form a split channel.

e Excellent habitat provider.

e Provides immediate protection from erosion and long-term stability.

Applicability in Reservoir Watershed

e Areas where immediate protective cover from the bank is required.
e Areas requiring protection of banks from shallow slides.
e Areas where space is limited, requiring rapid reestablishment of vegetation.

Cost
Live crib walls cost $13 to $33 per square foot.

Maintenance

e Regular maintenance until vegetation is stabilized.

e Repair and maintenance as needed, typically after each significant storm event.

References

Information in the factsheet is adapted from:
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Live Posts <

Description

Live posts form a permeable revetment. They reduce stream velocities and cause
sediment deposition in the treated area. The roots help to stabilize a bank. Dormant
posts are made of large cuttings installed in streambanks in square or triangular
patterns. Unsuccessfully rooted posts at spacings of about 4 feet can also provide
some benefits by deflecting higher stream flows and trapping sediment.
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Design Criteria

Detailed design information and requirements for live posts are available in the
Planning and Design Manual for the Control of Erosion, Sediment, and Storm Water,
Volume 1: Erosion and Sediment Control Manual. This publication is available from
the Mississippi Department of Environmental Quality and online at

http:/ /www.deq.state.ms.us.
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Willow posts and stone toe protection. (Source: Hollis Allen, Mississippi Department of Environmental Quality.)

Applications and Effectiveness

Well-suited to smaller non-gravel streams. If high flows and ice are a problem, they
can be cut low to the ground.

Used in combination with other soil bioengineering techniques.

Installed by a variety of methods including water jetting or mechanized stringers
(Hoag et al. 2001) to form planting holes or by driving the posts directly with
machine-mounted rams.

Quickly reestablishes riparian vegetation.
Enhances conditions for colonization of native species.

Repairs itself. For example, posts damaged by beavers often develop multiple
stems.

Applicability in Reservoir Watershed

Areas where treatment is required above and below bankfull depth.
Areas where strong currents and high flows are expected.

Areas where water level fluctuates.

Areas where rapid reestablishment of vegetation is desired.

Areas where reduced slope length and space are limiting factors.




Cost
Live posts cost $7 to $15 per linear foot.

Maintenance

e Regular maintenance until vegetation is stabilized.

e Repair and maintenance as needed, typically after each significant storm event.

References
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Live Stakes

Description

Live stakes create a living root mat that stabilizes the soil by reinforcing and binding
soil particles together and by extracting excess soil moisture. Most willow species root
rapidly and begin to dry out an excessively wet bank soon after installation. Live,
rootable vegetative cuttings are inserted or tamped into the ground. If correctly
prepared, handled, and placed the live stake will root and grow.
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Source: A Soil Bioengineering Guide for Streambank and Lakeshore Stabilization.

Design Criteria

Detailed design information and requirements for live stakes are available in the
Planning and Design Manual for the Control of Erosion, Sediment, and Storm Water,
Volume 1: Erosion and Sediment Control Manual. This publication is available from
the Mississippi Department of Environmental Quality and online at
http:/ /www.deq.state.ms.us.
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Willow trees placed as live stakes with stone toe protection. (Source: Hollis Allen, MDEQ.)

Applications and Effectiveness
e Suitable for use in the wetted zone of banks or where precipitation is likely to keep
the soil moist during growing seasons.

e Provides a technique where site conditions are uncomplicated, construction time is
limited, and an inexpensive method is needed.

e Repairs small earth slips and slumps that are frequently wet.

e Enhances the performance of geotextile fabric by serving as pegs to hold fabric
down.

e Enhances conditions for natural colonization of vegetation from the surrounding
plant community.

e Produces streamside habitat.
e Stabilizes areas among other bioengineering techniques, such as live fascines.

Applicability in Reservoir Watershed

e Areas where high wind and water velocities hit the banks.

e Areas where space is a constraint.




Cost

Live stakes cost $2 each.

Maintenance

e Regular maintenance until vegetation is stabilized.

e Repair and maintenance as needed, typically after each significant storm event.

References

Information in the factsheet is adapted from:
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Reservoir Shoreline Restoration
and the Impact of Waves on
Water Quality

Description

Wave energy in the Reservoir is derived from two sources:
wind-generated waves and boat-generated waves.
Wind-generated waves are a function of wind velocity and
fetch, the open distance across the Reservoir over which
the wind blows unimpeded and along which waves can
build energy. The depth of water that receives mixing as
a result of wave action is approximately half the
wave-length. Natural woody vegetation has been removed
in many areas along the shoreline due to residential and
recreational development.

Due to the shallow depths and long wind fetch in the
Reservoir, wind-generated waves can be of significant
concern because they resuspend sediments from the
t _ Reservoir bottom. The primary purpose of Reservoir
Figure 1. Riparian buffer in Pelahatchie Bay. ShOT€line restoration is to restore woody vegetation to

reduce erosion from wave action and reduce wind fetch
along the open water. Mature woody vegetation planted along cleared areas of the
shoreline functions as a windbreak. Once established, a windbreak will slow the wind
on the downwind side for a distance of approximately ten times the height of the tree
canopy. This ground cover created by trees and associated debris also protects soil
from rill and sheet erosion. Ground cover helps improve water quality by filtering
excess nutrients and chemicals from surface runoff. Riparian buffers planted in trees
also provide shade, resulting in temperature refuge for fish and other aquatic life.

Design Considerations

Landscaping or replanting locations
must be selected and agreed upon by
both the current lease holders and
the Pearl River Valley Water Supply
District (PRVWSD). The selected
locations should also consider the
prevailing wind direction in relation
to the long axis of the Reservoir. The
wind rose from the Jackson airport
indicates that wind blows from the
south to southeast approximately
26% of the time, and from the north
to north-northwest approximately
14% of the time. A windbreak situated Figure 2. Mill Creek at Spillway Road with no buffer.




perpendicular to the prevailing wind direction (running east to west or southwest to
northeast on the Rankin County shoreline) would be the most effective.

Soil types on the Reservoir shoreline are characterized as highly erodible silt loam.
Although there are currently no reported concerns of bank failures, replacing
vegetation along the shoreline could improve bank stabilization and prevent future
failures. Native species of shrubs and trees should be used for shoreline restoration.
Native vegetation is adapted to survive in the climate and soil conditions of Mississippi
and requires less maintenance (fertilizer, watering, etc.). Recommended vegetative
plantings for the areas nearest to the shoreline include the following non-woody
species: switchgrass (Panicum virgatum), cattail (Typha spp.), soft rush (Juncus effusus
and Juncus spp.), soft stem bulrush (Scirpus validus), maidencane (Panicum
hemitomon), and water willow (Dianthera americana). Suitable woody trees and shrubs
are numerous and include willow (Salix spp.), cypress (Taxodium distichum), overcup
oak (Quercus lyrata), pin oak (Quercus palustris), Nuttall oak (Quercus texana), red
maple (Acer rubrum), sycamore (Platanus occidentalis), river birch (Betula nigra), water
tupelo (Nyssa aquatica), green ash (Fraxinus pennsylvanica), and sweetbay magnolia
(Magnolia virginiana). Suitable shrub species include buttonbush (Cephalanthus
occidentalis), common alder (Alnus serrulata), elderberry (Sambucus canadensis), red
chokeberry (Aronia arbutifolia), Virginia sweetspire (Itea virginica), deciduous holly (Ilex
decidua), and nonflowering dogwood (Cornus amomum and C. foemina). Rose mallow
(Hibiscus moscheutos) is a non-woody perennial that is shrub-like in appearance and
provides large colorful flowers. Trees for areas farther away from the shoreline include
all of those listed above; these tree species are especially tolerant of root flooding for
long periods but will thrive further from the shoreline. The Mississippi State University
Extension Service has developed the following excellent guides for selecting
appropriate native vegetation: Native Trees for Mississippi Landscapes and Native
Shrubs for Mississippi Landscapes (Brzuszek 2007a, 2007b).

Initially the smaller, faster-growing plants would establish the restored riparian buffer
zone. These plants will be replaced by interspersed, slower-growing, taller species for
an enhanced wind block. The smaller species should be thinned as necessary to
accommodate the growth of taller trees.

Implementation

e Reservoir shoreline with little or no riparian buffer zone.

¢ Along tributaries near the Reservoir with little or no riparian buffer zone.

Pollutant Removal Efficiency

Pollutant Efficiency
Total Suspended Solids (TSS) 60%
Total Nitrogen 30%
Total Phosphorus 35%

*Same as restored riparian buffer/vegetated buffer




Cost

The cost of riparian buffers ranges from low to almost negligible if established prior to
site development. Typically, the most effective buffer is one that is left alone and in
place. Therefore, there is no cost of establishment and the only monetary constraint
may be that associated with an alternative site design that excludes these areas from
development. However, the added aesthetic value of buffers easily translates to
increased property values and often offsets such foregone costs. Furthermore, buffers
reduce the size and cost of downstream control facilities. The cost of creating or
restoring riparian buffer areas is highly variable and project-dependent.

Benefits
Maintaining or developing an attractive riparian zone can:

* Increase property values.

* Reduce excessive erosion.

* Protect water quality.

* Enhance wildlife habitat.

* Contribute to the natural beauty of the land.

* Dissipate noise from reservoir traffic, roads, and nearby properties.
* Reduce maintenance time and related costs.

* Provide privacy.

* Enhance scenic views.

Limitations

Buffers alone may not provide sufficient stormwater control to maintain flows at
predevelopment levels. Buffers can typically handle smaller storms, but larger events
can bypass the infiltration and treatment capability of the buffer and directly
discharge runoff to streams. Therefore, additional stormwater and water quality
control measures are often necessary within highly developed areas.

Some landowners may be resistant to establishing vegetation along the shoreline.
Some concerns may include loss of views, limiting access to the water, and concerns
that the vegetated area may attract unwanted wildlife.

Not all sites will support vegetation because of toxic soil conditions or insufficient soil
moisture. Erosion must be controlled upgradient from the corridor before vegetation
can be successfully established.

Maintenance

Only minimal maintenance is required for riparian buffers. Dead vegetation should be
allowed to remain, as it provides terrestrial and eventually aquatic habitat. Soil
disturbance and compaction and vegetation disturbance should be avoided. However,
maintenance is required for the first 2 to 3 years so native vegetation can become
established.




After they become established, native plants usually require much less physical effort
to maintain than lawns. They can reduce or eliminate the need for lawn mowers,
trimmers, and other gasoline-powered equipment. Native plants are also less costly to
maintain because they generally don’t need the fertilizers and pesticides that turf
grass and other non-native species may require.

Education and Outreach

The limiting factor in the placement of restored riparian buffer zones in landowner
participation, thus education activities for this management practices should be
targeted towards owners of shoreline property. Landowners need to be made aware of
the positive benefits of riparian buffer zones and the technical assistance needed to
properly install them. Funding assistance to purchase and install the vegetation would
be helpful to landowner adoption. An educational flyer, titled Vegetated Buffers, gives
specific tips for homeowners about how to establish and maintain a shoreline buffer
on their property.
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Beneficial Use of
Dredge Material

Description

Dredged material is a potentially valuable resource if properly applied in a beneficial
use. Significant value or benefit can be realized if proper planning and coordination
exist between all parties involved. The suitability of dredged material for different uses
varies; however, a wide variety of beneficial use options are available for consideration.

The Pearl River Valley Water Supply
District (PRVWSD) removes significant
amounts of dredged material from the
Ross Barnett Reservoir each year. This
material is currently disposed of in
upland areas near dredge sites,
marginal wetland areas, and
in-reservoir disposal areas to create
small islands and wildlife habitat.
Identifying proper disposal sites for
managers is a significant concern
because dredging activities are
expected to continue on a frequent
basis.

Design Considerations Dredging operations in Pelahatchie Bay.

Beneficial uses of dredged material can be classified in three broad categories:
engineered uses, agricultural and product uses, and environmental enhancement.
Possible beneficial uses for sediments in the Reservoir are listed below.

e Land creation and improvement.

e Berm creation.

e Shore protection.

e Topsoil for agricultural areas.

e Mine reclamation.

e Manufactured construction material.
e Wetland habitat improvement.

The selection of a beneficial use of dredge material removed from the Reservoir will
depend on a number of factors:

e Grain size distribution.

¢ Contaminant status of materials.




e Technical feasibility (such as the distance that dredge material would need to be
pumped).
e Cost/benefit and legal constraints.

Huge amounts of sediment could be pumped or conveyed to areas onshore and
stockpiled until used for landscaping soil, fill, or other purposes. It is possible that it
may be built into large mounds and planted with trees or grasses until needed.

Pollutant Removal Efficiency

Pollutant removal efficiency cannot be estimated. However, one would expect a
reduction of total suspended solids (TSS) released to the Reservoir from marginal
disposal sites.

Cost

The cost of beneficial use projects is project- and site-specific. Some federal funding
programs administered by the US Environmental Protection Agency (EPA) are available
for cost-share. Other options are available to develop local sources of funding. Details
of these programs are described in Identifying, Planning, and Financing Beneficial Use
Projects: Beneficial Use Planning Manual (EPA and US Army Corps of Engineers
[USACE] 2007).

Benefits

e Project cost savings.

e Habitat improvement.

e Enhanced recreational opportunities.
e Agricultural improvement.

Limitations

e Sediments need to be analyzed for toxic content prior to use.
e Costs to transport the sediments would have to be weighed against the benefits.

e Requires logistical coordination between the dredging of material and placement in
the beneficial use.

Education and Outreach

The initial decision to pursue beneficial uses for dredge material and initiate project
partners would be made by reservoir managers. The success of a beneficial use project
often depends on the public’s perception of the project’s purpose and its impacts on
human health, property values, and the environment. Thus, interested stakeholders
should be included in the decision making process. The following recommendations
are included in Identifying, Planning, and Financing Beneficial Use Projects: Beneficial
Use Planning Manual (EPA and USACE 2007).

e Involve the public from the outset. Go to the public; do not wait for the public to
come to you.




¢ Identify and respond to issues of local concern.

e Understand the decision-making process and schedule to identify points of public
access.

e Make it clear how the public’s input will be used.

e Use a variety of methods to inform and involve segments of the public with
different levels of interest.

e Involve representatives of the public in project decision making.
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Artificial Wetlands for

Shoreline Stabilization <

The information in this fact sheet is summarized from Bioengineering Technique Used for
Reservoir Shoreline Erosion Control in Germany [WRP Technical Note WG-SW-3.1]. Point
of contact is Mr. Hollis Allen (formerly with the US Army Corps of Engineers Waterways
Experiment Station, now with the Mississippi Department of Environmental Quality).

Description

This management practice involves the installation of a biodegradable breakwater with
wetlands planted between the breakwater and the shore. Naturally occurring
materials, including woody trees such as willow, cottonwood, and alder, can be used
to construct the breakwater. This method is applicable to reservoirs that do not have
significant water level fluctuation. Thus, it could be used in the Ross Barnett
Reservoir. Development of wetlands near the shoreline would stabilize the shoreline,
act as a filter for nutrients and suspended sediments in overland runoff, and provide
wildlife habitat. Although shoreline failure has not been identified as a particular
concern in the Reservoir, breakwater and artificial wetlands would protect the
shoreline from erosion due to waves and prevent future issues.

VARIOUS BREAKWATERS USED ON GERMAN
LAKES AND RESERVOIRS

ROCKS/STONES
INCASED IN
COCONUT
FIBER MAT

ROLLS OF
DEAD BRANCHES
"BRANCH BOXES"

FIBERSCHINES

STONE/ROCK
BUTTRESS

ROCK BERM

STONE BREAKWATER
ENCLOSED IN

Source: Bioengineering Technique Used for Shoreline Reservoir Erosion Control in Germany.




Design Considerations

The technique includes a combination of a breakwater and planted wetlands. The
breakwater can be constructed from various materials, including stone or rocks,
branches and poles, or fiberschines (large coconut fiber rolls). The branchbox
breakwater is one of the more commonly used structures. It which consists of
biodegradable materials composed of long poles and faschines (bundles of small dead
branches, such as willow and poplar, collected from woodlands). The breakwater is
usually constructed at a water depth of 1 meter. Construction of this type of
breakwater is described in detail in the referenced WRP Technical Note WG-SW-3.1.
Wetland plants can be pre-grown in a coconut fiber substrate and transferred to the
site after the breakwater is constructed. Coconut fiber substrate allows for short-term
shore stabilization until the vegetation becomes established. Recommended plants for
the Reservoir include bulrushes (Scirpus spp.), water willow (Dianthera americana),
horsetail (Equisetum spp.), iris (Iris spp.), pickerel weed (Pontederia cordata), rushes
(Juncus spp.), powdery thalia (Thalia dealbata), and other water-loving herbaceous
plants in addition to buttonbush (Cephalanthus occidentalis), a woody shrub species.

Implementation

e Shoreline areas with suitable depth and light conditions, in areas at risk for future
bank failure.

Pollutant Removal Efficiency

No information is available to estimate pollutant removal efficiency. Expected
performance would depend on site-specific conditions.

Cost

A cost estimate for the wetland system from 1991, including the branchbox
breakwater, the wetland plants installed as pallets and bulbs, and the coconut-fiber
filter fabric, was between $400 and $460 per linear meter for a 10- to 20-meter swath
from the breakwater landward.

Benefits

e Low-cost erosion control without destroying the existing shoreline habitat.
e Wetlands trap sediment and remove nutrients.

e Aesthetic improvement.

Limitations

e Damage to the breakwater structure may result in the loss of wetlands.
e Breakwater/wetland systems will not work if water fluctuations exceed 1 meter.

Maintenance

o Inspect every few months until the wetland vegetation becomes established, then at
least annually after that.

e Repair the breakwater structure as needed.




Education and Outreach

Reservoir managers would need to be aware of this practice and be able to identify
potential sites for installation. If this practice is installed near areas with public access
via boats or shoreline, members of the public need to be instructed not to disturb the
wetland plants or damage the breakwater. Restoration sites should be marked with
appropriate signs with these instructions.
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Artificial Floating Islands
(Schwimmkanmpen Islands)

Description

Floating islands consist of modules
that are planted with wetland plants
and float within a body of water. The
islands can take various shapes and
consist of a planting substrate made
of granular fibers, cork, or other
materials. Wetland plants such as
iris, sedges, rushes, or pickerelweed
are planted within the substrate. The
planting substrate supported by a
frame made of plastic or other
material that is resistant to corrosion,
aging due to sunlight, and destruction
by pests. Once placed in the water, the islands float on the surface. Vegetation
typically becomes fully established in 2 years.

Source: Floating Island Environmental Solutions

Artificial floating islands were first used in Germany where they were called
“Schwimmkanmpen” islands (loosely translated as floating grassland areas). Presently,
there are several commercial companies in the United States that manufacture
floating islands.

Design Considerations

Floating islands are made of lightweight, corrosion-proof plastics. The islands are
planted with native wetland plants, including iris, sedges, rushes, pickerelweed, and
arrow arum. Under the surface, the plant’s roots extend through the planting
substrate and into the water. The plant roots and microbes that develop around them
remove nutrients from the water. Floating islands must be moored to the bottom or
shoreline. Mooring systems may include poles, buoys, anchors, ropes, chains, and
weights.

Implementation

o Floating islands could be used in coves or other protected areas of the Reservoir.
Placing them in open water is not recommended because they could restrict boat
movement.

e Manufacturers of floating islands claim that they can be used to improve quality in
small ponds and wet stormwater detention ponds. They have also been used to
enhance existing wetlands.




Pollutant Removal Efficiency

A commercial manufacturer states that floating islands can remove more than
10 grams of total nitrogen per square foot per year and 0.7 gram of total phosphorus
per square foot per year. These rates are based on information from one manufacturer.

Cost

Commercial manufacturers in the United States sell the islands for $35 per square
foot. This cost does not include shipping, planting mix, installation, plants, or
mooring.

Maintenance

e No maintenance is required once the islands are deployed unless they are
vandalized.

Benefits

e Erosion and shoreline protection:

0 When placed near the shoreline, the islands can protect sensitive banks by
reducing the energy of waves.

0 Can serve as a “wind break” by reducing wind fetch.
e Water quality improvement through biological uptake of nutrients.
e Improved landscape features.
e Improved wildlife habitat.

Limitations

e Boaters in the Reservoir would need to be aware of the islands and refrain from
disturbing them.

o The floating islands could cause damage to boats or docks if they break free from
the moorings.

Education and Outreach

The initial decision to pursue the installation of floating islands in the Reservoir would
be made by Reservoir managers. Funding would be needed for design and installation
of the islands. A small demonstration of the use of the islands should be considered to
analyze the cost versus the benefits of this measure. If installed, the public would
need to be aware of them and their use as a water quality improvement measure. This
could be included in the public outreach campaign.
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Construction Stormwater and
Surface Mine BMP Enforcement &=

Description

The Ross Barnett Reservoir Stormwater Compliance Initiative is tracking issues with
large construction sites and surface mines in areas near the Reservoir with rapid
commercial and residential development. Activities of the Stormwater Compliance
Initiative have significantly increased the Mississippi Department of Environmental
Quality’s (MDEQ) presence in the watershed with the following activities.

o Additional review of stormwater
management plans for new
developments.

e Frequent informal surveys of the
area and increased “official”
compliance inspections.

e Increased enforcement actions.

Implementation

e Urban retrofit.

e New development.

Source: MDEQ.

Pollutant Removal Efficiency

MDEQ inspectors have conducted a significant number of Compliance Evaluation
Inspections (CEls) at sites in the Ross Barnett Reservoir with large construction
stormwater general permits. In addition, MDEQ conducted “windshield surveys” to
document the condition and effectiveness of management practices before, during, and
after storm events. Pollutant loads for properly versus improperly functioning
management practices were not quantified. Literature values must be used to estimate
the overall effectiveness of best management practice (BMP) systems installed on a
construction or surface mine site (Edwards 2003).

o Sites with insufficient BMPs averaged 11,000 mg/L total suspended solids (TSS) in
runoff.

o Sites with sufficient BMPs averaged 600 mg/L TSS in runoff.

CEls conducted in 2008 through 2010 found violations at 20 of the 38 sites inspected
(53% of the sites). According to MDEQ personnel, the majority of these violations have
been corrected, and developers have improved BMP installation and maintenance. It
can be assumed that less than 10% of construction and mine sites will have
insufficient BMPs if the program continues with the same level of effort.




Cost

Costs for MDEQ include personnel involved in the Ross Barnett Reservoir Stormwater
Compliance Initiative, as well as time and equipment for inspections and follow-up
enforcement actions.

Costs for developers include the design, installation, and maintenance of practices
according to MDEQ requirements. This will vary based on the characteristics of each
site (weather conditions, soil conditions, slopes, existing vegetation).

Benefits

e Reduced sediment, nutrients, and other pollutants in construction site and surface
mine runoff.

e Improved understanding of the importance of BMPs among developers and
contractors.

e Improved relationships among local stormwater enforcement officials and
developers/contractors.

Limitations

e Site inspections are time-consuming.

e Inspections not conducted on construction sites smaller than 1 acre.

Maintenance

Efforts in the past few years have resulted in improved compliance among developers.
MDEQ personnel feel as if many of the previously identified “hot spots” have been
addressed. Continued presence of MDEQ personnel will be important when
development increases with an improved economy.
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Properly Designed Skid
Trails and Landings <

Description

Forest management and harvest entails construction of skid trails, haul roads, stream
crossings, and landings and concentration yards. All of this construction can increase
erosion and sediment loading to forest land streams and downstream waterbodies. To
reduce the potential for these water quality impacts, guidelines have been developed
for siting, constructing, maintaining, and closing trails, roads, and landings. These
guidelines also include recommendations for structural erosion control measures,
including cross drains, water turnouts, slash dispersal, revegetation, silt fences and
hay bales, water bars, outslopes, broad-based drainage ditches, and bank
stabilization.

Broad-Based Drainage Ditch I Water Bars

| Water Turnouts I Culverts
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Source: Mississippi’s BMPs: Best Management Practices for Forestry in Mississippi (MFC 2008).

Design Considerations
e Recommendations differ slightly for temporary and permanent trails, roads, and
stream crossings.

e When forest operations occur in wetlands, best management practices (BMPs)
related to trails and roads are federally mandated.




Slope of the land and soil characteristics influence recommendations for siting,
construction, maintenance, closing and BMPs for trails, roads, stream crossings,
and landings.

The grade of the trail or road influences BMP specifications.

Siting of trails, roads, and landings should be such that they efficiently serve their
intended purpose, and facilitate adequate control of runoff, erosion, and
sedimentation.

Detailed design information and requirements for skid trails and landings are
available in Mississippi’s BMPs: Best Management Practices for Forestry in
Mississippi. This publication is available from the Mississippi Forestry Commission
(MFC) and online at http://www.mfc.ms.gov/water-quality.php.

Implementation

Private and commercial timberlands.

Pollutant Removal Efficiency

Pollutant Efficiency
Total Suspended Solids (TSS) 24% to 99_%3 depending on practice and site
characteristics
Total Nitrogen 60% to 80%
Total Phosphorus 85% (will be similar to TSS reduction)
Metals Insufficient data

Pathogens (fecal coliform, E. coli) |Insufficient data

Applicability in Reservoir Watershed

Approximately 30% of the watershed is forest land that may be harvested.

Cost

The Mississippi Natural Resources Conservation Service (NRCS) estimates costs for
forest harvest trails and landings as between $480 and $780 per acre for the
2011 Environmental Quality Incentives Program (EQIP). In the southeast, trail and
landing BMPs have been estimated to add approximately $12 per acre to harvest costs
(1987 dollars).

Benefits

Slows runoff velocities.
Reduces erosion.
Reduces pollutants in runoff.



http://www.mfc.ms.gov/water-quality.php

Limitations

e Can increase cost of harvest.
e May result in longer and/or less efficient skid trail or haul road routes.
e May result in less convenient locations for landings or concentration yards.

e Changes in harvesting costs can increase timber prices.

Maintenance

Erosion control BMPs need to be routinely inspected and repaired and cleaned of
debris as needed.
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Streamside

Management Zones

<

Description

Streamside vegetation and soils act as buffer zones and have a strong influence on the
health of adjacent aquatic systems. Streamside management zones (SMZs) protect
water quality by providing bank stability and acting as a filter for sediment, nutrients,
and other chemicals. Requirements for forestry activities within the SMZ are designed
to reduce the potential for damage to stream channels due to tree removal and road
crossings. The SMZ should provide sufficient canopy cover to maintain shade, protect
the streambank, and filter pollutants from stormwater.

Design Considerations

Recommended SMZ  width
based on whether the
waterbody is a perennial or
intermittent stream, or a
wetland.

Because the outflow of Ross
Barnett Reservoir is a perennial
stream, the recommended SMZ
width for the reservoir
shoreline is the same as for a
perennial stream.

Soil characteristics and slope of
the land adjacent to the
waterbody affect recommended
SMZ width.

SMZs are not required for
drains (ephemeral streams and

gullies).

Source: Alabama’s Best Management Practices for Forestry
(Alabama Forestry Commission 2007).

Some forestry activities recommended for the SMZ vary based on whether the
waterbody is a perennial or intermittent stream, or a wetland.

Detailed design information and requirements for streamside management zones
are available in Mississippi’s BMPs: Best Management Practices for Forestry in
Mississippi. This publication is available from the Mississippi Forestry Commission
(MFC) and online at http://www.mfc.ms.gov/water-quality.php.

Implementation

Private and commercial timber lands.
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Pollutant Removal

Pollutant Efficiency
Total Suspended Solids (TSS) |50% to 98%
Total Nitrogen 0% to 80%
Total Phosphorus 18% to 86%

Pathogens (coliform, E. colj

Forestry practices are not generally considered to be
significant sources of pathogen loads to waterbodies.

Cost

The cost of SMZs is usually estimated based on the value of unharvested timber in the
SMZ. At least one estimate also included cost of added skid distance.

Benefits

Slows water velocities.

Low maintenance requirements.

Supplies shade.

Reduces pollutants in runoff.

Provides wildlife corridor.

Provides wildlife habitat.

Provides species diversity.

Stabilizes banks.

Reduced timber harvest which can increase value of harvested timber.

Limitations

Reduces harvest area.

May result in longer and/or less efficient skid trail or haul road routes.
May result in less convenient locations for landings or concentration yards.
Increases total cost of harvest.

Changes in harvesting costs can increase timber prices.

Maintenance

Involves keeping track of activities occurring in the SMZ, and may include posting and
personnel education.
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Artificial Vegetation
Regeneration

Description

The Mississippi Forestry Commission (MFC) recommends replanting of erodible,
disturbed sites to stabilize soil when the natural regrowth process would be
inadequate. In disturbed wetland areas, replanting is recommended to preserve
wetland vegetation and prevent conversion of the wetland to a non-wetland.

Design Considerations

Site preparation may be necessary where
soils are compacted, or undesirable plant
species are present.

Soil amendment may be necessary where
soils are inadequate to support vegetation.

Mulching improves erosion control while
vegetation is becoming established.

MFC recommends replanting with native
wetland vegetation in disturbed wetland
areas.

Species recommendations vary depending
on the site conditions and the time of year.

Machine- or hand-planting can be used. Source: USDA Forest Service.

In wetland areas, appropriate herbicides can
be used to control competing plant species.

Detailed design information and requirements for artificial vegetation regeneration
are available in Mississippi’s BMPs: Best Management Practices for Forestry in
Mississippi. This publication is available from the Mississippi Forestry Commission
and online at http://www.mfc.ms.gov/water-quality.php.

Implementation

Commercial and private timber lands.

Pollutant Removal Efficiency

Pollutant Efficiency
Total Suspended Solids (T'SS) 12% - 100%
Total Nitrogen Insufficient data
Total Phosphorus 12% - 100% sorbed to sediment
Metals Insufficient data
Pathogens (fecal coliform, E. colj Insufficient data



http://www.mfc.ms.gov/water-quality.php

Applicability in Reservoir Watershed

Approximately 30% of the watershed is in forest land. The percentage of that which is
harvestable forest land is currently unknown.

Cost

Reported costs for planting range from $23 per acre to approximately $150 per acre for
seeding (1998 dollars). Some mulching options can cost over $5,000 per acre
(1998 dollars).

Benefits

¢ Reduced erosion.

e Reduced pollutants in runoff.

Limitations

o Effectiveness depends on maintaining the protective vegetation cover.

Maintenance
e Regeneration sites will be regularly inspected for signs of erosion, and repaired as
needed.

o Wetland regeneration sites will be inspected regularly for signs of undesired
vegetation.

e Undesired vegetation will be controlled.
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Fencing for Grazing Control “

Description

Temporary or permanent fencing is installed to exclude livestock from sensitive areas
likely to be damaged by grazing, or to create paddocks that can be managed to control
the harvest of pasture forage.

Design Considerations

e Type of fencing depends on the kind and
habits of livestock, and whether the fence
line is to be permanent or temporary.

e Soil characteristics and slope of the land can
affect the ability of the pasture to withstand
grazing pressure.

e Grazing in riparian areas is not
recommended when  streambanks are
eroding, or when conditions are too wet.

e Detailed design information and
requirements for fencing for grazing control : _
are available in the National Conservation Source: National Fish and Wildlife Foundation website.
Practice Standards. This publication is
available from the Natural Resources Conservation Service (NRCS) and online at
http://www.nrcs.usda.gov/technical /standards/nhcp.html.

Implementation

e Private and commercial pasture lands.

Pollutant Removal Efficiency

Pollutant Efficiency
Total Suspended Solids (TSS) Insufficient data
Total Nitrogen Insufficient data
Total Phosphorus Insufficient data
Metals Insufficient data
Pathogens (fecal coliform, E. coli Insufficient data

Cost

The Mississippi NRCS 2011 Environmental Quality Incentives Program (EQIP)
payment schedule lists costs for fencing at less than 1$ to over 3$ per linear foot, and
costs for prescribed grazing at $80 to $180 per acre.



http://www.nrcs.usda.gov/technical/standards/nhcp.html

Applicability in Reservoir Watershed

Approximately 12% of the watershed is in pasture.

Benefits

e Improved pasture forage condition.

e Improved pasture soil condition.

e Increased livestock productivity.

e Improved livestock health.

e Reduced feed costs.

e Reduced bank erosion and land loss.

e Reduced sediment, nutrient, and pathogen loads to stream.

e Managed grazing can reduce use of herbicides and/or fertilizers.

Limitations

e Fencing cost may increase production cost.

e Managed grazing can be more work than continuous grazing.

Maintenance

Maintenance involves keeping the fence in good repair and keeping the fence line clear
of weeds and brush.
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Alternative Water Sources
for Pastures

Description

Alternative water sources are provided to lure cattle away from pasture streams. Cattle
in streams physically destroy stream habitat, increase sediment load by de-stabilizing
stream channels and banks, and increase nutrient and pathogen loads by defecating
in the stream.

Design Considerations

Design of watering device depends
on the type and habits of the
livestock and their daily water
requirements, weather, and the
water sources available.

Location of watering devices can [“9® THYRER Wl
be used to promote more even ; o '
grazing and protect sensitive
areas.

Location of watering devices may
be influenced by the location of
the alternative water source.

In hot weather, cattle are likely to
use streams for cooling, so it may
be necessary to provide shade as
well as drinking water sources
away from streams to effectively
reduce the time cattle spend in
streams.

Source: Research Planning, Inc. website.

Detailed design information and requirements for fencing for grazing control are
available in the National Conservation Practice Standards. This publication is
available from the Natural Resources Conservation Service (NRCS) and online at
http:/ /www.nrcs.usda.gov/technical/standards/nhcp.html.

Implementation

Private and commercial pasture lands.



http://www.nrcs.usda.gov/technical/standards/nhcp.html

Pollutant Removal Efficiency

Pollutant Efficiency
Total Suspended Solids (TSS) 30% - 90%
Total Nitrogen 15% - 54%
Total Phosphorus 22% - 81%
Metals Insufficient data
Pathogens (fecal coliform, E. colj Insufficient data

Applicability in the Reservoir Watershed

Approximately 20% of the watershed is in the pasture. Thus, there are many miles of
pasture streams in the watershed that may benefit from alternative water sources.

Cost

The Mississippi NRCS 2011 Environmental Quality Incentives Program (EQIP)
payment schedule lists costs for watering facilities ranging from approximately $80 to
over $500 each.

Benefits

e Improved herd health - wet muddy conditions increase risk of a number of
livestock illnesses, as well as foot and leg injuries from slipping.

e Reduced exposure of livestock to water-borne disease organisms.

e Better quality drinking water for livestock.

e Good public relations.

e Improved habitat for fish.

e Improved and/or increased wildlife habitat along stream corridor.

e Reduced flood frequency.

e Improved groundwater recharge.

e Reduced bank erosion and land loss.

e Reduced sediment, nutrient, and pathogen loads to stream.

Limitations

e Alternative water source may be more expensive, increasing operating costs.

e Without other options, cattle will wade and wallow in streams to cool off during hot
weather.

Maintenance

Maintenance involves keeping the watering devices in good repair.
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Row-Crop Residue
Management <

Description

This practice involves managing the amount, orientation, and distribution of crop and
other plant residues on the soil surface year-round. A variety of planting and tilling
practices can be applied as part of residue management, including mulch till, no-till,
strip till, and ridge till.

Design Considerations

e Where reduction of erosion is a goal of
residue management, the tillage system
will be determined based on the soil loss
objective using an approved erosion
prediction technology.

e Combines or similar harvest machines
will be equipped with spreaders capable
of redistributing residue over at least
80% of the working width of the header.

e Where cotton pickers or similar
machines are used for harvest, the
stalks will be mowed after harvest,
except where flooding is a problem.

e Mowing is recommended for corn and
sorghum residues.

Source: Torbert, Ingram, and Prior 2007.

e Each tilling practice has its own specific
design considerations.

e Detailed design information and requirements for row-crop residue management
are available in the National Conservation Practice Standards. This publication is
available from the Natural Resources Conservation Service (NRCS) and online at
http:/ /www.nrcs.usda.gov/technical/standards/nhcp.html.

Implementation

e All cropland.

Pollutant Removal Efficiency

Pollutant Efficiency
Total Suspended Solids (TSS) 64% - 90%
Total Nitrogen 50% - 55%
Total Phosphorus 38% - 45%
Metals Insufficient data
Pathogens (fecal coliform, E. colj Insufficient data



http://www.nrcs.usda.gov/technical/standards/nhcp.html

Applicability in Reservoir Watershed

Just over 1% of the watershed is in cropland.

Cost

In the early 1990s, in the Chesapeake Bay watershed, the median annual cost per
acre of residue management was $17.34. Residue management is not a practice
eligible for NRCS Environmental Quality Incentives Program (EQIP) funding; however
the 2011 EQIP payment schedule gives the cost for residue management of winter
annuals and vegetables as $40.50 per acre.

Many researchers report cost savings to producers as a result of reduced machinery
use, increased yield, and reduced inputs. Factors that affect the economics of residue
management include:

e Changes in machinery and labor operating costs.
e Changes in herbicide application.

o Differences in crop yields and yield variability, and associated changes in harvest
and hauling costs.

e Improved product quality resulting from reduced plant stress.
e Changes in land rental charges.

e Changes in management time and skills.

Benefits

e Reduced sheet and rill erosion.

e Reduced nutrients and other chemicals in runoff.

e Reduced runoff volume.

e Increased water infiltration.

e Increased soil moisture.

e Improved soil organic content, structure, and productivity.
e Reduced machinery and labor use.

e Improved crop yield.

e Reduced air pollution (from reduced machinery use and wind erosion).
¢ Reduced input costs.

e Reduced incidence of some insect pests.

e Increased incidence of predatory insects.

e Reduced incidence some plant diseases.

e Food and escape cover for wildlife.

Limitations

e There may be no improvement in crop yield.
e Increased nutrient leaching.




¢ Increased weed germination.

e Increased use of herbicide to control weeds.
e Emergence of herbicide-resistant weeds.

e Increased incidence of some plant diseases.
e May require specialized equipment.

e Requires more detailed management.

e May require learning new skills and techniques.

Maintenance

Maintenance involves use of the appropriate harvest, till, and planting practices to
maintain the desired amount of crop residue on the field.
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Cover Crop <

Description

Cover crops are usually close growing legumes and/or small grains grown primarily
for seasonal protection of land from soil erosion, as well as increase organic matter in
soil. These crops are typically planted in the fall, after the primary crop is harvested,
and grown for less than one year.

Design Considerations

e Some commonly used cover crops
harbor insects or disease that may
affect the primary crop.

e Planting method used to plant the
cover crop can increase erosion.

e Recommended cover crop species
and planting rates vary depending
on the purpose of the cover crop
(e.g., erosion control, nitrogen
fixing, green manure) and the field
characteristics.

e Detailed design information and
requirements for cover crops are
available in the National
Conservation Practice Standards. Source: NRCS
This publication is available from
the Natural Resources Conservation Service (NRCS) and online at
http://www.nrcs.usda.gov/technical/standards/nhcp.html.

Implementation

e Private and commercial crop lands.
o Wildlife areas.

e Recreation areas.

e Orchards.

e Vineyards.

e Any cleared land.

Pollutant Removal

Cover crops reduce pollutant exports from fields under conventional tillage. They
provide no significant erosion control benefit on fields under conservation tillage.
Pollutant removal varies with the cover crop species used and the planting method.



http://www.nrcs.usda.gov/technical/standards/nhcp.html

Pollutant Efficiency
Total Suspended Solids (T'SS) 10% - 20%
Total Nitrogen 10% - 45%
Total Phosphorus 7% - 30%
Pathogens (coliform, E. coli Cropland in the watershed is not identified
as a source of pathogen pollution

Cost

The Mississippi NRCS 2011 Environmental Quality Incentives Program (EQIP)
payment schedule lists the cost for cover crops as ranging from approximately $40 per
acre to $60 per acre.

Benefits

e Improvement in soil microbial activity, structure, and water storage capacity.

e Improvement in water infiltration.

e Provide food and cover for wildlife, including beneficial insects.

e Reduction of erosion.

e Uptake of nutrients resulting in reduced nutrient runoff.

e Chokes out weeds.

Limitations

e Cost of cover crop may increase production costs.

e Some cover crops can harbor insects or diseases harmful to primary crops.

e Erosion control benefits are limited in conservation till systems.

e Cover crops do not significantly increase organic matter in Mississippi soils when
tillage is performed.

Maintenance

Watering as needed.
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Terraces

Description

The Natural Resources Conservation Service (NRCS) defines terraces as earth
embankments or ridge and channel systems constructed perpendicular to the field
slope.

Design Considerations

Terrace characteristics are determined by the
field slope, soil conditions, hydrology, and
cropping practice.

Terraces will have the capacity to control the
runoff from a 10-year frequency, 24-hour
storm without overtopping.

Terraces impact field hydrology, including
water table depth, and volumes and rates of
runoff, infiltration, evaporation,
transpiration, deep percolation, and
groundwater recharge.

Toxic materials in soils may be exposed in
terrace construction.

Restrictive soil layers can cause salinity
issues as a result of increased infiltration.

Terraces affect the movement of dissolved
substances into groundwater.

Detailed design information and
requirements for terraces are available in the
National Conservation Practice Standards.
This publication is available from NRCS and online
http:/ /www.nrcs.usda.gov/technical/standards/nhcp.html.

Source: NRCS

Implementation

Private and commercial crop lands.

Pollutant Removal Efficiency

at

Pollutant Efficiency
Total Suspended Solids (TSS) 85%
Total Nitrogen 20%
Total Phosphorus 70%
Metals Insufficient data
Pathogens (fecal coliform, E. colj Crop lands in the watershed are not identified as a
source of pathogen pollution.




Applicability in Reservoir Watershed

Just over 1% of the watershed is in cropland.

Cost

The Mississippi NRCS 2011 Environmental Quality Incentives Program (EQIP)
payment schedule lists the cost for terraces as ranging from a little over $1 per linear
foot to a little over $9 per linear foot.

Benefits

e Reduced erosion and gully formation.
¢ Reduced runoff volume.

e Reduced sediment in runoff.

e Moisture conservation.

e Improved farmability.

e Reduced flooding.

Limitations

e Cost of construction and maintenance of terraces may increase production costs.

e Damage to terraces can result in erosion and sediment in runoff.

Maintenance

Remove accumulated sediment to maintain storage capacity. Inspect and repair ridges
as needed.
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Grade Stabilization
Structures

Description

These are structures installed in natural or man-made channels to control the grade
and head-cutting. As a result, grade stabilization structures control erosion, enhance
environmental quality, and reduce pollution hazards. Grade stabilization structures
include embankment or pond-sized dams; drop, chute, and box inlet drop spillways;
island-type structures; and side-inlet drainage structures.

Design Considerations

Usually installed as part of a
vegetated runoff control system.

Differences in adjoining channel
depths and widths, and spoil
disposal need to be addressed.

There may be a need for emergency
flow bypass.

Stability of channel sides
influences structure design.

Structures need to be designed to
accommodate expected outlet flow
volume and velocity.

Different structures act on the
landscape differently.

Each structure type has its own Source: Washington County Soil and Water Conservation Service.
criteria and construction
specifications.

Structures must be designed to have appropriate sediment storage capacity.

Fencing may be necessary if structures are installed in areas used by livestock, or
in urban areas.

The potential of these structures to change runoff volume and rate, groundwater
recharge and water table level, soil moisture, the susceptibility of downstream
channels to erosion, and downstream water quality, and the impacts of these
changes must be considered.

Temporary runoff and sediment control may be required during construction.

Detailed design information and requirements for grade stabilization structures are
available in the National Conservation Practice Standards. This publication is
available from the Natural Resources Conservation Service (NRCS) and online at
http:/ /www.nrcs.usda.gov/technical/standards /nhcp.html.




Implementation

These structures can be installed anywhere the concentration and velocity of flow
results in channel instability and/or gully erosion. This includes:

e Cropland,

e Pasture,

e Urban areas, and
e Forest lands.

Pollutant Removal Efficiency

Pollutant

Efficiency

Total Suspended Solids (TSS)

80% - 90%

Total Nitrogen

Insufficient data

Total Phosphorus

70% - 90%

Metals

Insufficient data

Pathogens (fecal coliform, E. colj

Insufficient data

Applicability in Pelahatchie Creek Watershed

Watershed Area

Implementation (%)

Cropland 1%
Pasture 12%
Urban 26%
Forest 30%

Cost

Depending on the type of grade stabilization structure, installation costs can range
from $80 up to over $24,000. Construction costs include site preparation, excavation,
fill placement, construction materials, and revegetation of the construction site. There
may also be labor costs associated with maintaining the structure, as well as repair
costs.

Benefits

e Reduced runoff volumes and peak flows.

e Slower runoff velocities.

e Reduced erosion.

e Reduced sediment and associated pollutants in runoff.

e Improved downstream channel stability, aquatic habitat, and water quality.

¢ Increased soil moisture, groundwater recharge, and/or water table level.




Limitations

e Maintenance is required to sustain effectiveness.

e Potential for negative impacts downstream due to changes in flow, soil moisture,
groundwater recharge, or water table level.

e Can be complex to design so downstream flow, channel stability, and aquatic
habitat are not negatively affected.

Maintenance

Inspect the structure periodically, and after major storms, looking for:

e Piping, erosion, or settling of fill around structure.

e Damage to any protective vegetation.

e Scouring in channel at structure inlet or outlet.

e Debris or sediment in the channel or structure that interfere with its function.
e Cracking of concrete.

e Erosion in emergency by-pass areas.

Make repairs as needed.
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Field Borders <

Description

Field borders are strips of permanent vegetation established and maintained at the
edge or around the perimeter of crop fields. Field borders can be used as turn rows for
farm machinery, to filter runoff, and as wildlife habitat.

Design Considerations

Minimum recommended border widths
range from 20 to 35 feet, depending on
farm machinery to be used in the field.

At least 75% ground cover must be
established in the border during the first
growing season.

Borders can be sized and planted to act
as wildlife habitat.

Water bars or berms may be required to
distribute or redirect concentrated runoff
flows.

Borders can be planted or seeded with
selected grasses and/or ClOVCI‘S, or native Source: Missouri Agricultural Extension Service
plants can be allowed to establish in the

borders naturally.

Trapping efficiency can be increased by including a 3- to 5-foot strip of Alamo
switchgrass at the edge of the field.

Detailed design information and requirements for field borders are available in the
National Conservation Practice Standards. This publication is available from the
Natural = Resources Conservation Service (NRCS) and  online at
http:/ /www.nrcs.usda.gov/technical/standards/nhcp.html.

Implementation

Around crop fields.
Between fields and forest.
Between fields and buffers.

Between fields and recreation areas.



http://www.nrcs.usda.gov/technical/standards/nhcp.html

Pollutant Removal Efficiency

Field borders can act as filter strips.

Pollutant Efficiency
Total Suspended Solids (TSS) 40%
Total Nitrogen 30%
Total Phosphorus 35%
Metals Insufficient data
Pathogens (fecal coliform, E. coli Insufficient data

Applicability in Reservoir Watershed

Field crops are grown in approximately 1% of the watershed.

Cost

NRCS assigns a cost of around $200 per acre for establishment of filter strips under
the Environmental Quality Incentives Program (EQIP). Establishing field borders is
similar to establishing a filter strip. The estimated maintenance costs for filter strips
are roughly $865 per hectare ($350 per acre) per year.

Benefits

Reduced runoff volumes and peak flows.
Reduced runoff velocities.

Reduced erosion.

Reduced sediment and nutrients in field runoff.
Food and cover for wildlife.

Limitations

Variability in pollutant removal efficiencies, depending on design.
Filtering is most effective with gentle slopes (less than 6%).
Improper grading can greatly diminish pollutant removal.
Requires changes in field machine operation.

Careful management and maintenance are required for sustained performance and
longevity.

Maintenance

Inspect field borders periodically.

Reshape and/or reseed areas of the border damaged by storms, chemicals, tillage,
and equipment.

Remove sediment when 6 inches has accumulated at the field/border edge.
Shut off sprayers and raise tillage equipment when in the border.

Fertilize, mow, and control noxious weeds as needed to maintain plant vigor.




e Fill and reseed any rills or gullies that form in the border.

References
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Animal Mortality Facilities

Description
Animal mortality facilities are on-farm facilities for treatment and/or disposal of
livestock or poultry carcasses. The facilities may utilize composting, freezers, or
incinerators.

Design Considerations

Facilities can be designed to address
normal mortality rates, or catastrophic
mortality events.

Facilities will be located at least 900 feet
from residences to minimize odor and
other air quality impacts to neighboring
residences.

Facilities will be located outside of the
100-year floodplain.

Facilities will be located at least 200 feet
from surface water to minimize impacts
to surface water qualitY' Source: New York NRCS

Facilities will be sited to minimize
impacts to groundwater quality.

Facilities will be sited at least 200 feet downgradient of springs and wells.

Facilities will be designed to be in compliance with applicable federal, state, and
local regulations.

Facilities will be sited as close as practical to the source of mortality.
Runoff should be diverted away from the facility.

Facility design will be appropriate for available equipment at the site, operator’s
management capabilities, and the animals to be disposed.

Detailed design information and requirements for animal mortality facilities are
available in the National Conservation Practice Standards. This publication is
available from the Natural Resources Conservation Service (NRCS) and online at
http:/ /www.nrcs.usda.gov/technical/standards/nhcp.html.

Implementation

Livestock operations.
Poultry operations.



http://www.nrcs.usda.gov/technical/standards/nhcp.html

Pollutant Removal Efficiency

Pollutant Efficiency
Total Suspended Solids (TSS) Insufficient data
Total Nitrogen Insufficient data
Total Phosphorus Insufficient data
Metals Insufficient data
Pathogens (fecal coliform, E. colj Insufficient data

Cost

For the Mississippi NRCS Environmental Quality Incentives Program (EQIP), the costs
for animal mortality facilities range from a little over $6 per square foot for
composters, up to approximately $5,800 (total) for a large incinerator.

Benefits

e Decreased nonpoint source pollution of surface water and groundwater.
e Reduced odor from animal mortality.

e Decreased likelihood of spread of disease and pathogens.

Limitations

e Site characteristics may result in a less-than-ideal location for the facility, in which
case, impacts from the facility may be possible.

e Outputs from the facilities may be regulated and require special handling.

Maintenance

Facilities will need to be inspected routinely and repaired as needed. Specific operation
and maintenance needs vary depending on the type of facility.
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Integrated
Pest Management

Description

Integrated Pest Management (IPM) is an environmentally
responsible and economically practical method of
landscaping and crop protection. It includes prevention,
avoidance, monitoring, and suppression of weeds,
insects, diseases and other pests. IPM combines
biological, cultural, and other alternatives to chemical
control with the planned use of pesticides to keep pest
populations below damaging levels, while minimizing
harmful effects of pest control on humans and natural
resources. The practice is site-specific in nature, based
on approaches suited for the particular crop or
landscape, pest, and location.

Design Considerations

Mulching can be used to prevent weeds where turf is
absent, fencing installed to keep rodents out, and
netting used to keep birds and insects away from |
leaves and fruit. Source: MSU.

Visible insects can be removed by hand (with gloves or tweezers) and placed in
soapy water or vegetable oil. Alternatively, insects can be sprayed off the plant with
water or in some cases vacuumed off of larger plants.

Store-bought traps, such as species-specific, pheromone-based traps or colored
sticky cards, can be used.

Slugs can be trapped in small cups filled with beer that are set in the ground so
the slugs can get in easily.

In cases where microscopic parasites, such as bacteria and fungi, are causing
damage to plants, the affected plant material can be removed and disposed of
(pruning equipment should be disinfected with bleach to prevent spreading the
disease organism).

Small mammals and birds can be excluded using fences, netting, and tree trunk
guards.

Beneficial organisms, such as bats, birds, green lacewings, ladybugs, praying
mantis, ground beetles, parasitic nematodes, trichogramma wasps, seed head
weevils, and spiders that prey on detrimental pest species can be promoted.

Detailed design information and requirements for integrated pest management
practices are available in the National Conservation Practice Standards. This
publication is available from the Natural Resources Conservation Service (NRCS)
and online at http:/ /www.nrcs.usda.gov/technical/standards/nhcp.html.



http://www.nrcs.usda.gov/technical/standards/nhcp.html

Implementation

IPM must be implemented on a voluntary basis by private landowners. It could be
incorporated into landscape management policy at the municipal or county level.

Pollutant Removal Efficiency

Pollutant removal efficiency depends on the actual practices used by the individuals.
Overuse and misuse of pesticides are common in urban areas. Use of IPM has the
potential to reduce pesticides transported in urban stormwater.

Applicability in Reservoir Watershed

This practice could be used in residential areas and by owners of cropland.

Cost

Cost would vary depending on site-specific practices. The cost of alternative methods
may be less than the cost of purchasing traditional chemical pesticides. Crop
producers would need to consider the risk of the potential for some crop loss due to
insects.
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Nutrient Management Plans <&&25 :

Description

These are plans for managing the source, amount, timing, form, and placement of
plant nutrients and soil amendments on agricultural lands.

Design Considerations

Plans will comply with applicable federal, state, and local laws, regulations, and
ordinances.

Plans will be compatible with applicable requirements for erosion control, pest and
residue management, etc.

Nutrient planning will be based on current soil or plant test results.

Plans for agricultural lands will utilize nutrient application guidelines developed by
the Rankin County Soil and Water Conservation District.

Detailed design information and requirements for nutrient management plans are
available in the National Conservation Practice Standards. This publication is
available from the Natural Resources Conservation Service (NRCS) and online at
http:/ /www.nrcs.usda.gov/technical/standards/nhcp.html.

Implementation

Livestock operations.
Poultry operations.
Croplands.

Pollutant Removal Efficiency

Pollutant Efficiency
Total Suspended Solids (TSS) Insufficient data
Total Nitrogen 15%
Total Phosphorus 35%
Metals Insufficient data
Pathogens (fecal coliform, E. coli Insufficient data

Applicability in Pelahatchie Creek Watershed

Approximately 12% of the watershed is pasture, and 1% is cropland.

Cost

The Natural Resources Conservation Service (NRCS) has estimated that in the Delta
states (including Mississippi), the average cost for developing required comprehensive
nutrient management plans for animal feeding operations is approximately $5,400 per



http://www.nrcs.usda.gov/technical/standards/nhcp.html

farm (99 hours at $55 per hour). This is the cost to NRCS for providing technical
assistance to producers preparing comprehensive nutrient management plans. The
amount of technical assistance required for developing a nutrient management plan
for croplands may be less. Average cost for implementing an animal feeding operation
comprehensive nutrient management plan in the Delta states was estimated to be
approximately $4,800 per year.

Benefits

e Reduced production costs as a result of increased efficiency and reduced inputs.
e Reduced nutrients in runoff.

Limitations

e Nutrient management may require additional labor, training, and/or equipment.

e Nutrient management plans are only effective if they are implemented properly.

Maintenance

Plans will need to be modified when changes are made to operations or processes.
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Washington, DC. Online at
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NRCS. 2007. Nutrient Management[Conservation Practice Standard Code 590].
National Handbook of Conservation Practices. US Department of Agriculture,
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Stream Crossings

Description

Stream crossings are constructed to prevent disturbance to the stream ecosystem

from livestock, equipment, and/or vehicles crossing the stream.

Design Considerations

Crossings will be located where
streambed is stable.

Width of crossing is determined
by what (e.g., cattle, machinery)
and how the crossing will be used.

Crossing side slopes will be
designed to be stable for the soils
present.

The type of crossing to be
constructed will depend on the
hydraulic characteristics of the
stream, the uses to be made of
the crossing, and how often it will
be used.

Diversions will be used to direct runoff from the road away from the stream.

Detailed design information and requirements for grade stabilization structures are
available in the National Conservation Practice Standards. This publication is
available from the Natural Resources Conservation Service (NRCS) and online at

Source: NRCS web page.

http://www.nrcs.usda.gov/technical /standards/nhcp.html.

Implementation

Private and commercial pasture lands.

Pollutant Removal

Pollutant Efficiency
Total Suspended Solids (TSS) no data
Total Nitrogen no data
Total Phosphorus no data
Pathogens (coliform, E. colj no data

Stream crossings are often associated with stream fencing, and may contribute to

pollutant removal reported for that practice.
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Cost

The Mississippi NRCS 2011 Environmental Quality Incentives Program (EQIP)
payment schedule lists the cost for a stream crossing at almost $3 per linear foot.

Benefits

e Improved herd health— wet muddy conditions increase risk of a number of livestock
illnesses, as well as foot and leg injuries from slipping.

e Reduced exposure of livestock to water-borne disease organisms.

e Good public relations.

e Improved habitat for fish.

e Improved groundwater recharge.

e Reduced bank erosion and land loss.

e Reduced sediment, nutrient, and pathogen loads to stream.

Limitations

Construction and maintenance of crossings may increase operating cost.

Maintenance

Crossings will be inspected at least annually, and any necessary repairs made in a

timely manner.

References

Information in this factsheet is adapted from:

NRCS. (no date.) Rankin County Field Office Technical Guide. Online at
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http:/ /www.ms.nrcs.usda.gov/programs /2011 Historically Underserved EQIP
Payment Schedule.pdf.
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1.0 CHECKLIST FOR GREEN INFRASTRUCTURE REQUIREMENTS

Local ordinances, zoning requirements, stormwater management plans, and
comprehensive watershed management plans play an important role in the use of green
infrastructure in developing and urban areas. Local policies can promote the use of green
infrastructure by treating it as the “standard practice” rather than an alternative design. Local
governments interested in promoting green infrastructure could begin by reviewing their current
policies. As an initial step, governments in the Reservoir watershed can compare their policies to
the Checklist of Recommended Elements to Promote Green Infrastructure (Table O.1).Table O.1
includes recommended elements for stream buffers; green spaces; construction site erosion and
sediment control; and post-construction stormwater management. Based on review of this
checklist, local leaders may find that existing ordinances and zoning codes incorporate many of
the recommended elements. The checklist may also help local leaders identify opportunities to
enhance ordinances to promote green infrastructure and improve water quality. For example,
some cities near the Reservoir require preservation of a buffer zone with woody vegetation along
tributaries and drainage channels in new developments.

In some cases, local leaders may want to enhance zoning requirements to promote green
infrastructure. Current zoning codes for areas near the Reservoir specify requirements for open
space (requirements vary from 5% to 20% depending on the zone). However, existing zoning
codes do not include requirements for green space, open space with undisturbed vegetation, or
open space replanted with woody vegetation. These types of “open space” are more desirable as

elements of green infrastructure.

O-1
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Table O.1. Checklist of recommended elements to promote green infrastructure*.

Have | Desire Stream Buffers

A required stream buffer zone to enhance protection of the streams with design
criteria for the buffer zone, including specification of minimum buffer zone width
(i.e., 50 ft).

A system to mark the location of the buffer zone and a long-term maintenance
system for the area.

An education program to assist future residents in maintaining the area

Requirements and guidance for replacement of damaged buffer areas.

Have | Desire Undisturbed Vegetated Areas or “Green Space”

Requirements for a specific amount of green space (possibly specified in zoning
ordinance as a percent of the area left as open space).

Allowable methods to reduce impervious surfaces such as cluster development,
unpaved walkways, pervious pavement, narrower streets, shared driveways, and
single sidewalks.

Language to address maintenance and liability of green space.

Requirements for a long-term management plan of green space (community property
associations, land trust, or conservation easements).

Local comprehensive plans that recognize the role of green space in sustainable
stormwater management.

Restrictions on development in floodplains.

Provisions to protect mature tree canopy and to forbid clear cutting.

Restrictions for development in aquifer recharge areas, steep slopes, and along
drainage ditches and creeks.

Have | Desire Construction Site Erosion and Sediment Control

Language that emphasizes the use of techniques to limit clearing and grading and
preserve natural areas.

Requirement that any public trees removed or damaged during construction be
replaced onsite or offsite with an equivalent amount of tree caliper (e.g., remove a
24-inch-diameter tree, but replace with six 4-inch-diameter trees).

Standards for tree preservation for new development or retrofitting projects,
requirement for prior approval before removal of trees larger than a specified size.
Regulations that require restoration of degraded riparian areas on a development site
Requirement that contractors are certified or have formal training to install, maintain
and inspect erosion and sediment control practices.

Approval process for an erosion and sediment control (ESC) plan and a specific list
of the requirements for the plan.

Stipulations to ensure that ESC requirements are correlated with the process for
obtaining a building permit (for example, require that erosion and sediment controls
are properly installed to obtain permits and pass inspections).

0-2
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Table O.1. Checklist of recommended elements to promote green infrastructure (continued).

Have | Desire Construction Site Erosion and Sediment Control (continued)

Clearly stated enforcement actions for failure to maintain ESC measures at a
construction site.

The authority to issue stop-work orders for violations.

Provisions to ensure that the community has the staff and resources necessary for
enforcement of the ordinances.

Have | Desire Post-Construction Stormwater Management

Requirement for a post-construction stormwater management plan that specifies
parties responsible for long-term maintenance and routine inspections.

Stormwater quality and quantity performance standards for developed sites

(e.g., restrictions on sediment levels, pre-/post-development flow quantity, and flow
regime). Performance standards may vary according to the area receiving the
discharge (e.g., stricter requirements for wetlands and sensitive waterbodies).
Zoning and subdivision regulations that specifically allow green infrastructure
practices, including but not limited to; infiltration approaches, such as bioretention
and rain gardens, curb extensions, planter gardens, permeable and porous pavements,
green roofs, and other designs where the intent is to capture and manage stormwater
using soils and plants, water harvesting devices, such as rain barrels and cisterns, and
downspout disconnection.

Requirement that some percentage of less-frequently utilized parking lots, alleys, or
roads in a development utilize pervious materials.

Standards requiring a minimum area of parking lots to drain to green infrastructure
practices, including trees, vegetated islands, swales, rain gardens, or other
approaches.

*Note: This checklist is adapted from model ordinances available from the Center for Watershed Protection® and
the EPA Smartgrowth Scorecard®.

L http://cwp.org
2 www.epa.gov/smartgrowth
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2.0 RESOURCES FOR LOCAL GOVERNMENT

Development of stormwater ordinances and zoning codes that support green
infrastructure is a local activity that requires the input and expertise of local government
officials. There is no “one-size-fits-all” solution for stormwater management. Policies that work
well must be developed from within each individual government by leaders who know the
personnel, funding, and level of technical expertise available to enforce ordinances and manage
the permit approval process. Each area has unique physical characteristics (topography, climate,
soil types) and local culture (individual beliefs, common practices, and customs) that must be
considered when developing enforceable mechanisms.

The successful development of policies to promote use of green infrastructure requires a
long-term approach that involves government officials, developers, and the general public. The
approach recommended for the Reservoir watershed is summarized below and described in more
detail in the Comprehensive Education and Outreach Plan for Rezonate! (FTN 2011). The

approach includes the following action items:

1. Educate local leaders and citizens about green infrastructure and show success
through locally led demonstration projects.

2. Form a workgroup that includes developers, contractors, and representatives from
local governments to discuss technical elements of green infrastructure and build
consensus on its use.

3. Reach a broad audience with the use of a media campaign to build support of the
use of green infrastructure among the general public.

4. Compare existing ordinances and zoning codes to model ordinances and technical
guidance. Consider what rules need to be changed. Identify the “road blocks” that
limit the use of green infrastructure and how they can be changed. Develop a set
of engineering and technical requirements for incorporating green infrastructure
practices into local ordinances.

5. Work with local elected officials to make the specific ordinance and zoning code
changes.

Many references and publications have been developed to educate local leaders and

citizens about green infrastructure. These publications are intended to assist local governments
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assess their level of support for green infrastructure and make needed improvements to
ordinances, comprehensive plans, zoning ordinances, and standards for street and road design.
Publications recommended for local governments in the Reservoir watershed are described

below:

. Water Quality Scorecard®

This scorecard offers policy options for protecting and improving water quality
across different scales of land use and across multiple municipal departments.
EPA’s Water Quality Scorecard was developed to help local governments identify
opportunities to remove barriers, and revise and create codes, ordinances, and
incentives for better water quality protection. It addresses five key areas:

1) preserve natural resources (including trees) and open space; 2) promote
efficient, compact developments, and infill; 3) design complete, smart streets, and
reduce overall imperviousness; 4) encourage efficient provision of parking, and
5) adopt green infrastructure stormwater management provisions. The scorecard
describes alternative policy or ordinance information that, when implemented,
would support a comprehensive green infrastructure approach.

. Sustainable Design and Green Building Toolkit for Local Governments®

Sustainable design includes considering not just how buildings and the
surrounding site are constructed, but also where they are constructed. EPA has
many resources for local governments and the real estate industry on smart
growth: compact, pedestrian-friendly, mixed-use development that takes
advantage of existing infrastructure and protects critical natural lands.

This document provides guidance for local governments to help them change their
existing ordinances and permitting processes to allow/promote sustainable design
and smart buildings. There are often barriers in existing ordinances to prevent
developers from taking full advantage of green infrastructure practices for
stormwater management. This document offers suggestions to overcome those
barriers with an appropriate action plan. The action plan can help communities
implement necessary regulatory and permitting changes to allow for more
sustainable design.

*http://www.epa.gov/smartgrowth/water_scorecard.htm
* www.epa.gov/smartgrowth
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o Essential Smart Growth Fixes for Urban and Suburban Zoning Codes®

This publication recognizes common road blocks to green infrastructure in zoning
codes. Suggestions on how to remove road blocks and allow more sustainable
development practices are included.

° The Southeast Tennessee Green Infrastructure Handbook for Local Governments®

This publication was developed by the Southeastern Tennessee Development
District with input from local governments. It describes various green
infrastructure techniques useful at the community, street, and individual site
scales. The handbook features local examples, colorful photographs, and an
eye-catching layout.

. Better Site Design: A Handbook for Changing Development Rules in Your
Community’

The Center for Watershed Protection has developed a set of urban design
principles called Better Site Design (BSD). BSD includes 21 specific
recommendations for street design, open space preservation, and stormwater
management. The majority of these principles are consistent with green
infrastructure.

. Model ordinances for stormwater management, landscaping, and clearing and
grading
National examples are available from EPA® and the Center for Watershed
Protection®.

Local ordinances adopted by the City of Hernando, Mississippi'®, and Desoto
County, Mississippi'*, have been highly successful and are good examples of
green infrastructure requirements that are working well within Mississippi.

> www.epa.gov/smartgrowth/essential_fixes.htm

® http://www.sedev.org/downloads/GreenlnfrastructureHandbook.pdf

" http://www.cwp.org/

8 http://www.epa.gov/owow/NPS/ordinance/stormwater.htm

® http://www.cwp.org/

19 http://www.cityofhernando.org/

1 http://www.desotoms.com/departments/environmental-services/stormwater
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. Delaware’s Inland Bays Pollution Control Strategy

The Inland Bays Pollution Control Strategy recommends three main regulatory
strategies to reduce nonpoint source pollutants from urban areas: 1) buffers,

2) stormwater controls, and 3) wastewater treatment. VVoluntary measures are
recommended for agricultural areas.

12 http://www.dnrec.state.de.us/water2000/sections/watershed/ws/ib_pcs.htm
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3.0 STORMWATER MANAGEMENT PLANS

Urban areas in the Reservoir watershed designated as municipal separate storm sewer
systems (MS4s) have developed Stormwater Management Plans (MS4 Plans). These areas are
Rankin County, City of Flowood, Madison County, City of Madison, and City of Ridgeland. The
following list includes suggestions to enhance existing MS4 Plans in the Reservoir watershed.
These suggested actions are voluntary, but could significantly improve stormwater management
in the watershed if incorporated by local stormwater managers.

1. Monitor and track properties that need improved stormwater management by
developing an inventory of locations with insufficient stormwater controls
(i.e., parking lots and subdivisions that were designed with insufficient
stormwater management and areas where repairs or maintenance are needed).
Contact landowners and encourage them to voluntarily improve stormwater
management on their properties.

2. Identify specific locations where active bank failures or knickpoints are visible
within stream systems. Also identify locations of actively eroding gullies in
upland areas. Work with the Mississippi Department of Environmental Quality
(MDEQ) and the Natural Resources Conservation Service (NRCS) to install
management practices to correct the problems noted at these locations.

3. Include a listing of total maximum daily loads (TMDLs) within the regulated
area. Review the pollutant reduction requirements for TMDL waters. Include
provisions to take action towards meeting pollutant reduction goals. Coordinate
with MDEQ Basin Managers on these actions.

4. Create a regional stormwater management consortium comprised of
representatives from city and county governments within the watershed. The
consortium would improve communication and collaboration among governments
in the Reservoir watershed. Some requirements for public education and outreach
and public participation could be satisfied through participation in the Rezonate
Initiative. This would result in consistent programs for the watershed and
potential cost savings by sharing training events and materials.

5. Institute a certification program for contractors and developers such as the
Certified Professional in Erosion and Sediment Control (CPESC) program.*®

3 www.cpesc.org
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6. Establish a buffer zone designated for limited development in selected areas
around the Reservoir and along contributing streams. This would allow vegetative
filtering of stormwater runoff entering these waterbodies as well as bank
protection.

7. Improve development and implementation of Stormwater Pollution Prevention
Plans (SWPPPs) for individual construction sites within the watershed. The
Environmental Compliance and Enforcement Division at MDEQ should continue
to review SWPPPs. The Pearl River Valley Water Supply District (PRVWSD)
should also have the option to review and comment on SWPPPs for construction
permits issued within their lease land. Consider a requirement for an onsite
“pre-construction meeting” to take place after erosion and sediment controls have
been implemented but before any land-disturbing activities have begun. This
would allow the jurisdictional authority to ensure that the controls are in place and
properly installed.

8. Encourage contractors/developers to inspect construction sites following any
significant rain event (i.e., greater than 0.25 inch in a 24-hour period) and
implement corrective action for any needed maintenance. Documents of routine
contractor self-inspections should be available to a city/county inspector upon
request.

9. Improve stormwater conveyance system maps developed by cities/counties. Maps
are required for MS4 Plans; however, the features displayed are typically limited
to major stormwater outfalls and publicly owned areas (i.e., city parks).
Encourage development of a more comprehensive map that includes stormwater
management features (swales, retention/detention ponds, open space, and
infiltration/bioretention areas). Also identify on these maps, waterbodies and
critical resource areas such as wetlands, aquifer recharge areas, and source water
protection areas.

10. Provide incentives for developers to utilize green infrastructure, minimize
impervious areas, and use infiltration and/or other design considerations to
improve post-construction stormwater management. Incentives for redeveloping
existing properties are needed to encourage retrofits.

11.  Allow offsite, regional water retention/detention in certain cases (such as retrofits
of developed areas that lie in high-density urban zones). This will avoid costly
onsite retention in densely developed infill areas and provide benefit to priority
retrofit sites.
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4.0 MANAGEMENT MEASURES

Selected green infrastructure management measures that are recommended for use in the
Reservoir watershed are described below. The text includes information on how and where these
practices would be most effective. Appendix N to the Comprehensive Protection and Restoration

Plan includes fact sheets that give design specifications for these practices.

4.1 Bioretention Areas

Bioretention areas can be installed in landscaped areas and designed to connect to
existing stormwater infrastructure systems within the developed and urbanized area of the
watershed. In addition to retrofitting, they can be incorporated into the design of the stormwater
management system of proposed developments. They can be installed in any soil type; however,
if installed in a low-permeability soil (types C and D), the bioretention basins should be designed
with underdrain systems connecting to the downstream best management practices (BMPs) or
outfall. In such situations, bioretention basins can still be used to treat the stormwater by
removing suspended solids, nutrients, and pollutants and then discharging the stormwater, with
much lower total suspended solids (TSS) and pollutant loads into other parts of the stormwater
conveyance system such as bioswales or a stormwater pond. Small bioretention areas installed by

property owners on individual lots are called rain gardens.

4.2  Stormwater Retention Ponds

Stormwater retention ponds (also called wet ponds or wet-extended detention ponds) are
commonly used to collect stormwater in developed areas. MDEQ requires that construction sites
larger than 10 acres install a sediment basin. These basins are often converted to permanent
stormwater ponds after construction is complete. Stormwater retention ponds remove pollutants
through settling and biological uptake. Pollutant removal performance of wet ponds is typically
much greater than that of dry detention ponds. Dry detention basins fail to demonstrate an ability
to meet the majority of water quality goals, are prone to clogging and resuspension of previously
settled solids, and require a higher frequency of maintenance than wet ponds.
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Stormwater retention ponds require a significant amount of space, which can be a
limiting factor in retrofitting. Some cities have allowed sharing of stormwater retention ponds
(Flowood and Madison). Shared stormwater retention ponds reduce construction costs and allow

for a large enough contributing drainage area to maintain desired pool elevations in wet ponds.

4.3 Constructed Wetlands

Constructed stormwater wetlands are another option for managing stormwater. These
systems are highly recommended because they are among the most effective stormwater
treatment practices in terms of pollutant removal, and also offer aesthetic value and wildlife
habitat. Constructed wetlands have limitations due to land requirements and costs (typically
25% higher than stormwater ponds). Constructed stormwater wetlands work best in soils that

have water holding capacity (types C and D).

4.4  Streamside Buffer Zones

Streamside buffer zones (also called riparian buffers) are natural or constructed low-
maintenance ecosystems adjacent to surface waterbodies, where trees, grasses, shrubs, and
herbaceous plants function as a filter to remove pollutants from overland stormwater flow prior
to discharge to receiving waters, and they function to stabilize banks. Maintaining a vegetated
buffer or setback along creeks, streams, and rivers provides an attractive landscape and can
improve water quality by removing sediment and chemicals before they reach the waterway. In
addition, buffers provide flood control, help recharge groundwater, prevent soil erosion, and
preserve or improve certain types of wildlife habitat.

Regulatory controls to prevent disturbance of riparian buffer zones near perennial streams
are an important protection strategy for the Reservoir watershed. MDEQ’s Large Construction
Storm Water General Permit (issued January 2011) recommends maintaining a 150-ft buffer
zone between the land disturbance and any perennial waterbody**. EPA has proposed a new
general National Pollutant Discharge Elimination System (NPDES) permit for discharges from

construction activities. If approved, this permit would require a 50-ft buffer of undisturbed

Y http://deq.state.ms.us/MDEQ.nsf/page/epd_epdgeneral?OpenDocument
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natural vegetation between the disturbed areas of a construction site and any water of the state. In
lieu of a buffer zone, the developer will be required to provide sediment and erosion controls that

achieve the equivalent pollution load reduction of a 50-ft buffer™.

45 Level Spreaders
Level spreaders are used to distribute concentrated runoff onto vegetated areas (restored
riparian buffers and open space), so that it can be treated via infiltration and evaporation. Since it

uses infiltration to treat stormwater, this practice works best in areas with type B soils.

4.6 Vegetated Filter Strips and Water Quality Swales

Vegetated filter strips provide treatment for stormwater running off parking lots and other
impervious areas. In areas where slopes permit and water velocities are slow enough to prevent
scouring, water quality swales or grassed swales should be used to convey stormwater in place of
concrete structures. Water quality swales are more expensive to build and maintain than grassed

swales, but have higher pollutant removal rates than grassed swales.

4.7  Cluster Development

County zoning ordinances in Madison and Rankin Counties allow cluster development in
areas zoned as Planned Urban Development (PUD) districts. PUDs allow for reduced length of
roads and utility rights-of-way through clustering of housing. PUD districts are superimposed
over residential developments and must maintain the density requirements of the residential zone
over which they are imposed. However, minimum lot size and width can be reduced and
remaining land reserved in contiguous tracts of common open space for use by residents. The
requirement in Rankin County is that 20% of the developed area be preserved as common open
space.'® However, there are no restrictions on the amount of this area that must be kept as green

space.

15 http://cfpub.epa.gov/npdes/stormwater/cgp.cfm
16 Zoning Ordinance of Rankin County, Mississippi 2004. Revised December 2010. Prepared by Central Mississippi
Planning and Development District. Available online at www.cmpdd.org.
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4.8 Overlay District

Overlay districts are commonly used to retain certain landuses and architectural
guidelines within a specific area. They are also commonly used to protect drainage areas of
surface water supplies used for drinking water (Kitchell, no date). There is presently a citizen
group interested in developing an overlay district in the developed area near the Reservoir within
Rankin County. Although the main intent of this group is to develop guidelines to maintain
architectural guidelines and landuse controls, additional requirements to protect source water
could also be incorporated. It is recommended that Rezonate project managers coordinate with

this citizen group regarding the overlay district.

4.9 Other Stormwater Control Measures

Other green infrastructure stormwater controls applicable to the Reservoir watershed
include rain barrels, green roofs, preservation of green spaces and trees, and BMPs for fertilizer
and herbicide application. Fact sheets that fully describe these measures are included in
Appendix N of the Comprehensive Protection and Restoration Plan for the Ross Barnett

Reservoir Watershed, Mississippi.
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1.0 INTRODUCTION

Sediment budgets include both upland sources of sediments and sediments contributed
from within stream channels. Upland sources can be attributed to land management activities that
result in removal of natural vegetation and lead to erosion of exposed sediments from
construction sites, surface mining, forest harvesting, and agricultural activities. Land
development removes natural vegetation and increases impervious surface areas results in
reduced infiltration and increased peak flows in urban streams. This leads to erosion of stream
banks and resuspension of stream bed sediments.

A preliminary sediment budget has been developed for the Mill-Pelahatchie Creek
watershed as delineated by US Geological Survey (USGS) 12-digit hydrologic unit code
(HUC12). The sediment budget was based on watershed modeling and available monitoring data.
The budget can be used to guide management practices and manage expectations related to
sediment reductions expected from implementation of practices. This sediment budget should be
considered preliminary because it is based on many simplifying assumptions. The budget was
developed for annual average conditions. Thus, it does not reflect temporal variation in sediment
loads (i.e., the large amount of sediment movement that occurs during high-flow events). Also
the budget does not consider differences in sediment particle size, which can be used as an
indicator of the sediment source. Sediments from the upland watershed are typically fine-grained
sediments (silts and clays), while sediments from stream beds are typically larger (sands and
gravels). Larger sediments often take many years to move downstream through a stream system,
while fine materials move through the system quickly.

This sediment budget uses a simplified process to simulate sediment sources (Figure P.1).
Sediment generated from rural areas must travel over land surfaces and within ditches and small
stream channels before reaching the watershed boundary. Sediments lost during transport are
referred to as hillslope storage. The percentage of sediments not deposited as hill slope storage
can be estimated as the sediment delivery ratio (SDR). Urban sediment sources include gully
erosion and construction and surface mining sites. Urban sediments are also subject to hillslope
storage. Once reaching the stream, sediments may be subject to aggradation (settling) or

degradation (resuspension) based on the flow energy and sediment content of the overlaying
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water. Bank failure may also contribute sediments. The total instream sediment contribution is
the sum of degradation and bank failure minus aggradation.
The budget can be summarized by the following equation, where all sediment is

measured in kilograms per year:

Measured sediment load = (rural uplands erosion * SDR) + (gully erosion * SDR) +
(construction and mine sites erosion * SDR) + instream
contribution from bed and banks

In developing the sediment budget, sediment loads from erosion in rural uplands, gully
erosion in urban areas, and erosion at construction and surface mining sites were estimated using
the methods described in Sections 2.0 through 5.0. The measured sediment load was calculated

from available monitoring data. The instream contribution from bed and banks was estimated as

the measured sediment load minus the sum of the sediment loads from rural erosion, qully

erosion in urban areas, and erosion at construction and surface mining sites.

The preliminary sediment budget for the Mill-Pelahatchie Creek HUC12 is shown in
Table P.1 and on Figure P.2. This budget indicates that the majority of the annual sediment load
is from instream sources. The second greatest sediment source is rural uplands. Rural upland

sediments originate from row-crop agriculture, pastures, forest/woodlands, and shrublands.

Table P.1. Preliminary sediment budget for the Mill-Pelahatchie Creek watershed.

Sediment Load
Source (kglyear) Percent of Load
Rural uplands*SDR 46.40E+05 29.2%
Construction/mine sites*SDR 8.24E+05 5.2%
Gully erosion*SDR 1.78E+05 1.1%
Instream contribution from bed and banks 103.00E+05 64.5%
Measured Sediment Load 159.00E+05 100.0%
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2.0 RURAL, UPLAND EROSION

Sediments generated from rural, upland areas are based on the Generalized Watershed
Loading Function (GWLF) Model (Dai et al. 2000). Loads were predicted on a monthly basis for
a 5-year period (2000 through 2005). The GWLF model simulates the hydrologic cycle in a
watershed and predicts streamflow based on precipitation, evapotranspiration, land uses, and soil
characteristics (Dai et al. 2000). The model was used to provide monthly estimates of
streamflow, soil erosion, and sediment yield. The model is also capable of predicting nutrient
loads based on loading functions from surface runoff, groundwater, point sources, and septic
systems. Nutrients were not predicted in this application of the model. However, this capability

may be useful in future applications when sufficient nutrient monitoring data are available.

2.1  GWLF Model Setup
The GWLF model uses the universal soil loss equation to (USLE) estimate soil loss from

rural lands. The sediment yields predicted by the USLE include sheet and rill erosion. GWLF

predicts sediment yields on a monthly basis using the assumption that sediment yields are
proportional to the amount of runoff. The amount of runoff is computed daily using the Soil
Conservation Service (SCS) curve number equation (Ogrosky & Mockus 1964). An SDR
estimates the amount of soil generated that actually reaches the streams. Table P.2 gives a
summary of the types of input data, sources of the data, and the value used in the GWLF model
of the Mill-Pelahatchie HUC12. Tables P.3 through P.6 include additional data needed for the
GWLF model. A summary of the ULSE factors is given in Table P.7.
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Table P.2. Sediment input parameters for GWLF model of Mill-Pelahatchie Creek watershed.

Input Parameter

Explanation/Data Source

Input Values

Daily Precipitation
and Temperature

Jackson International Airport, COOPID 224472
(downloaded from National Climatic Data Center
in December 2010)

Varies daily; the model was run for a
5-year period (April 2000 through
May 2005). Model output from years 2
through 5 was processed as the model
output.

Curve Number

GWLF manual and SCS tables.

Varies based on land use and
condition, and hydrologic soil group C
(see Table P.3 for details).

GWLF calculates the SDR based on the watershed

13% for Mill-Pelahatchie Creek

SDR area HUC12.

The soil erodibility factor measures the resistance

of the soil to detachment and transportation by

raindrop impact and surface runoff. Soil
Soil Erodibility emd'b'l.'ty IS alfl:jr_wctlon of t.he inherent soil The average value for the HUC12 is
Factor (K) properties, including organic matter content, 032

particle size, permeability, etc. Values of K were
based on the State Soil Survey Geographic
(SSURGO) database. The average value for the
HUC12 was used in the model.

Slope Length
Factor (L) and
Slope Steepness
Factor (S)

The L factor accounts for the effects of slope
length on the rate of erosion. The S factor
accounts for the effects of slope angle on erosion
rates. An average LS value for the HUC12 was
calculated using the 10-meter USGS digital
elevation model (DEM) using the derived flow
accumulation and slope of the DEM. The flow
accumulation and slope were used within the
following formula to derive the LS for any given
10-meter pixel:

1.6 * Pow(([flowacc] * resolution) / 22.1, 0.6) *
Pow(Sin([temporal_slope] * 0.01745) / 0.09, 1.3)*

The 10-meter DEM data were downloaded from
Maris in August 2010. The DEM was derived
from the USGS 1:24000 contour lines.?

Supporting documentation for this method is
available from the University of Texas.?

The average LS value for the HUC12
is 1.4. This value was used for all
landuse types, with the exception of
agricultural crops.

The LS value for agricultural crops
was obtained from consultation with
the Natural Resources Conservation
Service (NRCS).* NRCS suggested
that a lower LS value was more
realistic for fields in the
Mill-Pelahatchie Creek watershed. An
average value of 0.354 was used for
the GWLF model.

Cover Management
Factor (C)

The C factor accounts for the influence of soil and
cover management, such as tillage practices,
cropping types, crop rotation, and fallow on soil
erosion rates

Varies based on landuse type (see
Table P.4 for details).

! http://webhelp.esri.com/arcgisdesktop/9.3/index.cfm?id=6335&pid=6312&topicname=Pow

2 http://www.maris.state.ms.us/metadata/ DEM/10Mdem.htm

% http://www.utexas.edu/depts/grg/hudson/grg360g/EG1S/labs_04/Lab9/lab9 soil erosion 05.htm

* Personal communication, Murray Fulton, NRCS, Brandon, Mississippi.
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Table P.2. Sediment input parameters for GWLF model (continued).

Input Parameter Explanation/Data Source Input Values

An assumed value of P=0 was used for
all landuse types except for

agricultural crops. P = 0 was used
because no information is known about
The P factor accounts for the influence of support |specific practices on the HUC12 scale.
practices such as contouring, strip cropping, and |This is a conservative assumption.
terracing on soil erosion rates.

Erosion Control
Factor (P)

NRCS was consulted about the P value
for agricultural crops and suggested
that P=0.5 was realistic for the Mill-
Pelahatchie watershed.

The average value for the HUC12 is
0.61 during the growing season and
0.60 during the non-growing season.
(see Tables P.5 and P.6 for estimates
during the growing and non-growing
seasons). The growing season was
assumed to be April — October. The
non-growing season was assumed to
be November — March.

ET varies according to land use type and period
within the growing season. The value is usually
between 0 (impervious surfaces) and 1 (e.g.,
water).

Evapotranspiration
Cover Coefficient
(ET)
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Table P.3. Curve numbers for Mill-Pelahatchie Creek watershed.

Curve
Landuse Number Notes
Agricultural Crops 82 Assumed row crops, SR + CR good, HSG C
Pasture/Grassland 79 Assumed pasture continuous forage for grazing, fair condition
Forest/Woodland 73 Assumed woods, fair condition
Shrubland 60 Assumed brush, fair condition
Developed 86 Open space has grass cover of < 50%

Table P.4. Cover management factors.

Landuse Type Value
Agricultural Crops 0.2*
Pasture/Grassland 0.13*
Forest/Woodland 0.005**
Shrubland 0.008**
Developed 0.2**

*Mississippi Handbook for the Universal Soil Loss Equation, USDA, April 1984.
**GWLF Manual (Dai et al. 2000).

Table P.5. ET during the growing season.

Area Fraction of Total ET Cover Weighted

Land Use (ha) Watershed Area | Coefficient Coefficient
Agricultural Crops 109.5 0.01 1 0.01
Pasture/Grassland 873.1 0.12 1 0.12
Forest/Woodland 2,170.5 0.30 1 0.30
Shrubland 884.1 0.12 1 0.12
Wetlands 676.2 0.09 0 0.00
\Water 742.1 0.10 0 0.00
Developed 1,878.6 0.26 0.25 0.06
Sum of Weighted Coefficients 0.61

P-7



Appendix P

Sediment Budget for Mill-Pelahatchie HUC12 Watershed

October 31, 2011

Table P.6. ET during the non-growing season.

Area Fraction of Total ET Cover Weighted

Land Use (ha) Watershed Area Coefficient Coefficient
Agricultural Crops 109.5 0.01 0.3 0.00
Pasture/Grassland 873.1 0.12 1 0.12
Forest/Woodland 2,170.5 0.30 1 0.30
Shrubland 884.1 0.12 1 0.12
Wetlands 676.2 0.09 0 0.00
\Water 742.1 0.10 0 0.00
Developed 1,878.6 0.26 0.25 0.06
Sum of Weighted Coefficients 0.60

Table P.7. Summary of RUSLE input data for Mill-Pelahatchie Creek watershed.

Cover Erosion Control
Soil Erodibility | Length-Slope Management Practice
Landuse Type (K) (LS) Factor (C) Factor (P)
Agricultural Crops 0.32 0.354 0.2 0.5
Pasture/Grassland 0.32 1.41 0.13 1
Forest/Woodland 0.32 1.41 0.005 1
Shrubland 0.32 1.41 0.008 1
Developed 0.32 1.41 0.2 1

2.2 GWLF Model Results
The model was run for a period of 5 years (April 2000 through May 2005). These years

include both a dry year (2000) and a wet year (2003). The model output includes monthly

estimates of runoff resulting from rainfall. The GWLF model gives runoff in terms of depth (cm)

per contributing drainage area of the watershed. Runoff amounts for each landuse type vary

depending on the curve number. The annual average runoff predicted for each landuse type is

given in Table P.8.
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Table P.8. Annual average runoff per landuse.

Annual Runoff Depth

Landuse Type (cm)
Agricultural Crops 31.06
Pasture/Grassland 25.89
Forest/Woodland 18.2
Shrubland 8.41
Wetlands 157.43
\Water 157.43
Developed 40.08
Average for All Landuses 50.65

The model generates estimates of soil erosion based on the monthly runoff amounts. The
product of the monthly soil erosion and the SDR is equal to the sediment yield. Monthly average

sediment yields from rural landuses are shown in Table P.9. Note that the GWLF model was

used to generate sediment yield estimates from rural landuses only (agricultural crops,

pasture/grassland, forest/woodland, and shrubland).

Table P.9. Monthly average sediment yield from rural landuses.

Sediment Yield
Month (tons)
April 327
May 90
June 65
July 302
August 292
September 396
October 233
November 736
December 364
January 206
February 1193
March 906
Yearly Total 5,112
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3.0 GULLY EROSION

The sediment load from gully erosion was estimated using the following equation:
Sediment Load = SDR * (total length of all gullies * gully erosion rate).

There are no data on the length of actively eroding gullies in the Mill-Pelahatchie Creek
watershed. For these calculations, a value of 1,000 meters (3,280 feet) was used. This value was
an estimate used to serve as a place holder until actual data to quantify the length of actively
eroding gullies can be determined. The National Sedimentation Laboratory has recently
developed remote sensing technology to identify sites with a high potential for ephemeral gully
formation (Bingner et al. 2010). However, this method has only been applied to agricultural
fields. A possible method to estimate this with a higher level of certainty would be to use
low-level aerial photography® (available for Rankin County in 2006 and 2008) with
ground-truthing to measure the length of gullies in a small area and extrapolate that value to the
entire watershed. However, given that the current estimated sediment load from gully erosion
accounts for such a small percentage of the total load (i.e., 1.1%), it is not expected that using a
length of gullies based on measurements would significantly change the proportioning of the
sediment load among the different sources. So, even with a gully length based on measurements,
the estimated load would still be two orders of magnitude less than the total load.

The amount of soil eroded from the sides of gullies was estimated to be 0.46 ton per foot
per year (1,368.8 kg/m/year). This erosion rate reflects an assumed annual rate of lateral
advancement of 1 foot per year and a depth of eroding sides of 5 feet, with both sides eroding.
These assumptions result in an average annual soil loss of 5 cubic feet along each foot of gully.
The unit weight of soil was assumed to be 0.046 ton per cubic foot. These assumptions are
consistent with those used to estimate tons of soil saved through gully stabilization in the Mill
Creek watershed (Rankin County Board of Supervisors et al. 2009).

® Available for the Mill Creek watershed from 2006 and from all of Rankin County in 2008. Data were collected by
the Rankin County Board of Supervisors.
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The resulting equation used to calculate gully erosion is shown below:

Gully erosion = 1,368.8 kg/m/year * 1,000 meters = 1.37E6 kg/year

The yield from gullies (given in kilograms of total suspended solids [TSS] per year) was
then calculated as the product of the erosion and the SDR. Results for Mill-Pelahatchie Creek
watershed are given below:

Annual Sediment Yield (kg TSS/year) = 1.37E6*0.13

Annual Sediment Yield = 1.78E5 kg TSS/year

P-11



Appendix P
Sediment Budget for Mill-Pelahatchie HUC12 Watershed October 31, 2011

4.0 CONSTRUCTION AND SURFACE MINE SITES

The sediment load from construction and surface mining in the Mill-Pelahatchie HUC12
was estimated by multiplying the area of disturbed land in the watershed associated with these
activities, by the amount of runoff per area, a sediment concentration for the runoff, and an SDR.
The assumptions used in estimating sediment loads from urban land-disturbing activities

(construction sites and surface mines) are described below.

4.1 Disturbed Area

The area disturbed by construction and mining activities was estimated based on MDEQ
permitting programs. As of December 2010, there were 20 active Large Construction Stormwater
General Permits® in the Mill-Pelahatchie HUC12. The area disturbed under each permit could not
be easily determined from records, so an average area of 20 acres was assumed.

Records of Small Construction Stormwater General Permits are maintained by the county
government in which they are located. Rankin County reported 249 sites under the small
construction general permit in 2010. Because records of the site locations were not readily
available, it was assumed that 20% of the sites, or 50 sites, were located in the HUC12.” The
average disturbed area associated with small construction sites was assumed to be 5 acres.

MDEQ permit records indicate that there are three surface mining sites located in the
Mill-Pelahatchie HUC12. Sizes of the mining sites were also not readily available, however the
permits in this HUC12 are all “exempt” from office of geology permits. This means that the sites
are smaller than 4 acres. As a conservative assumption, a size of 4 acres was assigned for the
three mines.

The size of disturbed areas in the HUC12 was estimated as shown in Table P.10.

® Large Construction General Permits are issued for construction sites 5 acres or greater.

"We first considered an even distribution within Rankin County, based on size of Rankin County (795 square miles
or 508,800 acres) compared to the size of the Mill-Pelahatchie Creek HUC12 (18,123 acres). 249 construction sites
per 508,800 acres is equivalent to 9 sites within the HUC12. However, it is known that much of the construction
activity is concentrated near the Reservoir in this HUC12, so the even distribution did not seem to be a good
assumption.
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Table P.10. Disturbed areas by construction and mining activity in the watershed.

Type Disturbed Area
Large Construction Sites 20 sites* 20 acres = 400 acres
Small Construction Sites 50 sites * 5 acres = 200 acres
Surface Mines 3 sites * 4 acres = 12 acres

Total 662 acres (2.68 square kilometers)

4.2 Sediment Concentrations in Runoff
Literature values must be used to estimate the amount of sediment contained in
stormwater runoff from construction and mine sites. The following literature values for runoff

sediment concentrations were used®:

. The TSS in runoff from sites with insufficient best management
practices (BMPs) = 11,000 mg/L.

o The TSS in runoff from sites with effective BMPs= 637 mg/L.

MDEQ conducted Compliance Evaluation Inspections in 2008 through 2010 and found
violations at 20 of the 38 sites inspected near the Reservoir (53% of the sites). From these
inspections, it was estimated that 50% of the disturbed areas had insufficient BMPs and 50% of
the sites had effective BMPs. Using this estimate, the average TSS concentration in disturbed

area runoff is 5,927 mg/L.

4.3  Runoff from Construction and Mining Sites

The GWLF model was used only to calculate the amount of runoff for developed areas.
Sediment loads were not calculated with this model. The amount of runoff from developed areas
was calculated by the GWLF model as 40.08 cm/year (1.07E6 m®/year). Note that the model
input for the developed landuse is included in Tables P.2 through P.6.

8 Calculate erosion per acre using TSS concentrations from Edwards (2003; as cited in ADEQ 2004) assuming that
half of acres have no BMPs (i.e., TSS in runoff is 11,217 mg/L) and the other half have effective BMPs (TSS in
runoff is 637 mg/L).
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4.4  Estimated Sediment Load from Construction and Mining Sites

The amount of erosion from disturbed areas was calculated as follows:

Erosion (kg TSS/year) = 1.07E6 m®/year * 5,927 mg/L = 6.34E6

The yield from disturbed areas was then calculated as the product of the erosion and the

SDR. Results for Mill-Pelahatchie Creek watershed are given below:

Annual Sediment Yield (kg TSS/year) = 6.34E6 * 0.13

Annual Sediment Yield = 8.24E5 kg TSS/year
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5.0 MEASURED SEDIMENT LOAD

Data collected from monitoring stations located in the Mill-Pelahatchie Creek HUC12
was used to calculate the measured sediment load. USGS has monitored flow and suspended
sediments at several locations in the Mill-Pelahatchie Creek HUC12. Only two stations have
simultaneous records of flow and suspended sediments, so that the sediment samples can be

converted into instantaneous measurements of sediment load (Table P.11).

Table P.11. Monitoring data summary.

Station Data Availability

Daily flow measurements (1998 — present);

Mill Creek at Hwy 25, USGS 02485574 |707 suspended sediment samples with instantaneous
flow readings (01/2008 — 09/2009)

1,476 suspended sediment samples with
instantaneous flow readings (09/2006 — 08/2010).

Mill Creek Tributary 1, USGS 02485577

Linear regressions were developed relating the log of the flow yield (flow per amount of
drainage area) and the log of the suspended sediments yield (suspended sediments load per
amount of drainage area) from both sites. However, only the relationship developed for Mill
Creek at Highway 25 was used in the final analysis. This is because the sediment yields from
Tributary 1 were elevated due to known compliance problems as a large construction site. The
yields measured Highway 25 were assumed to be representative of the yields expected in the
HUC12 subwatershed, and the relationship was used to estimate sediment loads expected for the
HUC12. It should be noted that the majority of the samples collected at Highway 25 are
associated with rain event monitoring.

The linear regression for Mill Creek at Highway 25 was used to calculate the annual
average sediment load contributed from land in the Mill-Pelahatchie Creek HUC12 (Figure P.3).

The relationship can be expressed with the following equation:

Log(kg suspended sediments/km?/day) = 1.517 * Log(m?*/sec/km?) + 5.493
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Figure P.3. Regression between flow and sediment yield for Mill Creek at Highway 25.

The annual flow yield from the Mill-Pelahatchie Creek HUC12 from the GWLF model is
50.65 cm (1.18 m%/second for the area of 18,221 acres). Using the above equation, the estimated
sediment load is 1.59E7 kg/year for the Mill-Pelahatchie Creek HUC12. Note that this is the

measured sediment load indicated in Table P.1.
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6.0 CONCLUSIONS

This analysis indicates that the largest sediment source in the Mill-Pelahatchie is instream
sources, with smaller contributions coming from rural upland areas, disturbed urban areas, and
gullies. A reasonable conclusion from this finding is that management measures to stabilize
eroding stream banks and beds are needed to reduce the overall sediment loads in the system.
However, instream management practices alone are not likely to reduce sediment loads enough
to measurably improve water quality and reach the total maximum daily load (TMDL) goal of a
“stable sediment yield at the effective discharge.”

Plans for instream management practices should be developed with an understanding of
the geomorphology of the system and possible geomorphic changes in stream channels. Stream
stabilization measures alone that are installed at selected reaches could alter the energy-sediment
balance and cause unintentional erosion problems at other locations. Watershed management
decisions, especially the increase of impervious surface area in the watershed, are critical to
preventing further erosion of stream channels. This is because stream channels in impervious
watersheds experience increased peak flows in response to rain events. Increased peak flows are
a direct cause of stream bank and bed erosion.

For these reasons, the management practices recommended for the Mill-Pelahatchie
HUC12 include measures to reduce sediment and peak flows from upland areas along with

instream practices. There are several reasons for this:

. The large sediment contribution from stream beds and banks also accounts for
sediment stored in the stream channels from previous upland activities. Previous
activities include historical row-crop agriculture and land development that
occurred prior to regulation of construction sites. Sediments contributed from
these activities are likely to aggregate in quiescent areas of the stream channels
and floodplains. These sediments can be resuspended during high-flow events and
flushed downstream. However it is likely to take tens to hundreds of years for this
process to completely wash out existing sediments.

. Instream management practices can be extremely costly, with establishment of
“natural” streambank stabilization methods costing as much as $200 per linear
foot. Due to the high cost, it is unlikely that resources will be available to install
these practices on a large scale.

P-17



Appendix P

Sediment Budget for Mill-Pelahatchie HUC12 Watershed October 31, 2011

Practices that capture and infiltrate storm water flows from impervious surface
areas within the watershed are highly recommended to reduce erosion-causing
peak-flow events in the Mill-Pelahatchie HUC12.

Preservation and restoration of riparian buffer zones is a highly recommended
BMP. Riparian buffer zones have many positive benefits to adjacent streams
including stabilization of eroding stream banks and reduction of peak-flow events.
This would likely be effective for reducing sediment contributions from stream
beds and banks.

Management practices placed at headwater locations are less costly to implement,
and their results often become visible to the public in a shorter amount of time.
Public visibility is vital to the success of any watershed restoration project so that
the public can “see” the results of their financial investments towards restoring
and protecting water quality.
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1.0 INTRODUCTION

Sediment budgets include both upland sources of sediments and sediments contributed
from stream corridors (erosion of stream banks and resuspension of stream bed sediments).
Upland sources can be attributed to land management activities that result in removal of natural
vegetation (i.e., erosion of exposed sediments from construction sites, increased peak flows in
urban areas, surface mining, forest harvesting, and agricultural activities).

Developing a sediment budget that delineates loads between upland and instream sources
would be helpful to guide management practices and manage expectations related to sediment
reductions expected from implementation of practices. However, attributing cumulative sediment
loads to individual sources may be difficult without detailed information. Furthermore,
attributing sources to one particular source over others may be controversial among the effected
groups if this is done without adequate supporting information. Within urban areas, for example,
quantifying sediment due to transport of sediments from construction sites due to sheet flow vs.
gullies formed in areas with concentrated flows would require site-specific observation of where
and when these process are occurring.

Most studies that have attempted to make accurate estimates of instream loads have
included extensive field data collection activities and modeling efforts. A summary of several

such studies is included in Section 2.0.
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2.0 SEDIMENT YIELD STUDIES

2.1 James Creek

James Creek is a tributary of the Tennessee-Tombigbee Waterway located in Level 111
Ecoregion 65. Sediment yields were calculated using a combination of methods were used
including empirical analysis of historic data from other sites, field reconnaissance and detailed
data collection and surveying, and numerical modeling of uplands and channels. Models
(AnnAGNPS and CONCEPTS) and direct comparison of channel cross sections measured over
time were used to estimate yields.

“Actual” sediment yields (determined with field data and modeling) were compared with
“reference” sediment yields for Ecoregion 65. Reference yields were adjusted to account for bed
material particle size and given as 2.22 tons per day per square kilometer at the Qy s flow (the
high-flow condition that is expected statistically to occur once every one and a half years). (Note
that this reference yield value is for stable streams). Modeling data predicted actual yield for
recent years at the Q5 to be 39 tons per day per square kilometer. Annual average yield for
recent years calculated with monitoring data is 727 tons per year per square kilometer. (Please
note that the annual average yield cannot be compared to reference yields at the Q; 5 because the
annual average yield is calculated in terms of tons per year, not per day.)

Based on historical record, sediment yields were 89% from the bed and banks and
11% from upland sources. High bed and bank sources were attributed to historical stream
channel modification, which included clearing with a dragline. More recent years (1970-2002)
show that 70% of the sediments originate from banks and 30% are from the watershed.
Management practices should focus on stream-channel processes and stabilizing eroding reaches

and tributaries.

2.2 Town Creek near Tupelo

The Mississippi State University (MSU) Department of Civil Engineering, in cooperation
with the National Sedimentation Laboratory (NSL), has conducted extensive field work and
sediment budget calculations on Town Creek near Tupelo. Results indicated that up to 70% of

the sediments delivered to the outlet originated in the upper region of the watershed. The
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drainage area of the upper region constitutes approximately 30% of the total drainage area

(Ramirez-Avila et al. 2010b). Sources in the upper watershed were gulley erosion from

agricultural lands and erosion from incised channels. Downstream reaches appeared to be

stabilizing, and functioned as a zone of deposition due to influence of the Tennessee-Tombigbee

waterway (Ramirez-Avila et al. 2010a).

Additional conclusions were as follows:

Upper reaches appeared to be in the degradation stage (active bank failure and
channel widening), based on data analysis and visual observation. Middle and

lower reaches appeared to be in aggradation; channels are wide and stable with
the presence of vegetation (Ramirez-Avila et al. 2010b).

Estimated suspended sediment yield at the Q1 s flow was 80 tons per day per
square kilometer. This estimate was obtained using the transport curve for
Nettleton, Mississippi.

Regional relationships for sediment yield are significantly lower than estimates
obtained from local data. Reference yield for Ecoregion 65 streams is 3.9 tons per
day per square kilometer. This is the median value for all sites in Mississippi
given in Simon et al. 2002a.

Temporal analysis shows a reduction of sediment loads at baseflow conditions.

Increased loads under higher flow conditions in upper reaches were attributed to
active geomorphic processes.

Field data collected for this effort included the following:

Spatially distributed grab samples at 24 locations;

Automatic sampling during storm events at three locations, including analysis of
riding limb and falling limb samples;

Stream bank erosion monitoring by cross-section surveys and erosion pin arrays
(with analysis of change over time), and

Stream bed sediment sampling (Ramirez-Avila 2010).

Efforts to develop correlations between stream bank erosion and physical and

geomorphic variables (riparian vegetation, streambank soil saturation, bank height and angle)

have not been successful at this point in the research. However, researchers expect to be able to
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draw some conclusions relating sediment deposition rates to riparian vegetation and geomorphic

variables.

2.3 Harland Creek

Researchers studied Harland Creek, a stream located near Yazoo City in the hill region of
the Yazoo River Basin. This study described the economic benefits of streambank stabilization
practices and reduction of phosphorous contributed via bank erosion (Hubbard et al. 2003).
Sediment and associated phosphorus loads were estimated for a selected reach of the creek using
lateral bank migration rates estimated from an analysis of aerial photographs from 1955, 1973,
1980, and 1991. Bank heights were estimated from cross sections measured at multiple sites
along the study reach. Volumes of sediment eroded from the stream banks were estimated for the
time periods between each set of aerial photographs. Phosphorus loads associated with eroded
stream banks were calculated based on measurements of soil density and phosphorus content.

Several methods of bank protection were installed as part of the Demonstration Erosion
Control (DEC) project on Harland Creek, including bendway weirs and willow posts. Reductions
in sediment contributions from bank erosion were estimated by comparing volumes of sediment

lost before and after the installation of management practices.

2.4  West Fork White River, Arkansas

The Arkansas Department of Environmental Quality (ADEQ) used Bank Erosion Hazard
Index (BEHI) to estimate streambank erosion rates and an annual sediment load due to
streambank erosion in the West Fork White River (WFWR). This method uses criteria including
bank angle, root depth, and bank material. Data also included cross-section surveys of stream
banks. Toe pins were used to measure lateral movement of banks. Researchers used a graphical
model based on physical measurements to estimate lateral erosion rates and total sediment
contributed from inventoried streambanks. Sediment loads from streambanks averaged 329 tons
per year per square mile. Authors concluded that 80% of the of the estimated suspended
sediment load for the watershed resulted from erosion of the streambanks along the main stem of
the WFWR that were included in the inventory (Van Eps et al. 2004).
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2.5 Chesapeake Bay

Sediment studies conducted throughout Chesapeake Bay watershed have been
summarized by a large workgroup in a comprehensive report (US Geological Survey 2003). The
report included a review of literature from many authors addressing sediment erosion,
deposition, and resuspension processes. Implications of various management practices on the bay
were also explored. The report concluded that attributing loads to individual sources is difficult
and uncertain even in the most highly studied watersheds. The importance of this is summarized

in a quote from the executive summary:

“... one of the most important conclusions drawn by the SWGP was that the relative
contribution of upland sediment and the sediment stored in stream corridors has not been
quantified in the bay watershed. Such information is important to formulate effective
sediment-reduction strategies.”

However, a few specific examples were cited where this determination was made. Two
studies conducted in Baltimore County, Maryland, found that approximately two thirds of the
loads were the result of channel erosion and one third of the load was due to watershed sediment
contribution.

Most of the sediment yield from the watershed to the bay is transported during bankfull
conditions, which take place on average every 1 to 2 years, and during relatively large storm
events. The report also discusses “legacy sediments” that were washed into streams during initial
land clearing following colonial settlement. Unknown amounts of sediments from initial land
development are now stored in hill slopes, riparian areas, stream beds, and floodplains.
Eventually these sediments will be washed downstream, but this process may take decades or

even hundreds of years.
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3.0 COMPONENTS OF SEDIMENT BUDGET

Sediment budgets can be developed with a mass balance approach to account for
sediment sources, sinks and yield (output) of sediment. Yield is discussed as a sediment delivery
ratio (the ratio of sources to output). It can vary from 0 to greater than 1 (greater than 1 indicates
the washing out of previously stored sediment).

Components of a sediment budget include:

. Sources — surface, gulley and mass erosion + channel erosion; and

. Sinks — hillslope storage, floodplain storage, and channel storage.

Budgets are usually calculated on an annual yield, and do not predict large amounts of
sediment movement during short time periods (high-flow events). Budgets can be used to guide
management practices and estimate the influence of local landscape changes on the sediment
yield.
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4.0 SEDIMENT REFERENCE YIELDS AND TMDL TARGETS

Effective discharge is defined as the water discharge or range of discharges that shape
channels and perform the most geomorphic work (erosion and transport of sediment) over the
long term. The Mississippi Department of Environmental Quality (MDEQ) uses “target yields,”
which represent a range of sediment yields at the Q15 flow for stable and unstable streams for
sediment total maximum daily loads (TMDLs). Yields differ for each Level 111 Ecoregion. The
target yields are based on the work of NSL (Simon et al 2002a).

NSL calculated the effective discharge for ten sites in Mississippi where a sufficient
record of flow and suspended sediment concentrations were available (all sites included at least
10 years of record). The average ratio of Q5 to effective discharge was 1.2, showing that the
Q1.5 can be used as a surrogate for effective discharge. NSL used this assumption to calculate
suspended sediment yields at the Qs flow for all sites with available data. Ranges of the Q1 5
yields (25" and 75" percentile) became the TMDL targets for stable and unstable streams.

MDEQ has developed sediment TMDLSs using ranges of expected sediment yields for
stable versus unstable streams. The TMDL targets are based on expected yields at the effective
discharge. This discharge can be estimated as the Qy s.

The effective yields were developed by NSL based on analysis of suspended sediment
and flow data for streams in each ecoregion. Streams with an adequate record of monitoring data
were grouped as stable and unstable based on a geomorphic assessment (Simon et al. 2002a).
The majority of the Reservoir watershed is located in Ecoregion 65, the Southeastern Plains. The
exception to this is a portion of the Pelahatchie Bay watershed, which is in Ecoregion 74, the
Loess Plains. Soils in the Loess Plains are among the most erosive soils in the Unites States. For
this reason, the TMDL targets are an order of magnitude higher for streams in the Loess Plains.
MDEQ used the 25™ and 75" percentile of the yields calculated for each ecoregion as the low
and high targets for sediment TMDLs (Table Q.1).
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Table Q.1. Sediment yields for stable and unstable streams.

25™ Percentile Yield 75™ Percentile Yield
Ecoregion Stream Type (tons/day/sg km ) (tons/day/sg km )
65 Stable 0.09884 0.44478
Unstable 0.4942 13.3434
24 Stable 0.81543 3.4594
Unstable 73.6358 458.6176

Comparing sediment measures to the TMDL targets requires a long-term record of flow

(so that the Q15 flow can be calculated) along with measurements of suspended sediment

concentration during various flow conditions. There is no specific rule as to how much data is

adequate, but 5 years is a typical rule of thumb. Using this rule, there are three stations in the

Reservoir watershed with adequate data. These stations are Mill Creek at Highway 25, and

unnamed tributary to Mill Creek, and Fannegusha Creek near Sand Hill. The Q15 sediment yields

were estimated for these stations (Table Q.2).

Table Q.2. Q5 sediment yields for streams in the Reservoir watershed.

USGS
Station | Q15 Flow Q15 Yield
Station Number (cfs) (tons/day/sgq km) Notes
Mill Creek at Within unstable stream range
Highway 25 02485574 750 302.1 for Ecoregion 74.

. Greater than unstable streams
Mill Creek range for Ecoregion 74. High
Tributary #1 at 02485577 | 240 1,072.4 ANg g - Hig

yields were due to
Grants Ferry Road L
construction site runoff.
Fannequsha Creek Greater than the range for
g . 02484760 2300 22.41 unstable streams in
near Sand Hill .
Ecoregion 65.
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Broad-Scale Geomorphic Assessment and Sediment Budget for the Pearl
River Watershed Upstream of the Ross Barnett Reservoir

Note: This scope was developed by David S. Biedenharn, PhD, of the Biedenharn Group, LLC, and was submitted
on September 20, 2011. Current contact information is phone number (601) 529-4685 and email
bidenharngroup@yahoo.com.

This scope of work describes the tasks involved in the development of a broad-scale
geomorphic assessment and sediment budget for the Pearl River Watershed upstream of the Ross
Barnett Reservoir, and provides an estimate of costs to develop the assessment. Developing a
sediment budget for a large system such as the Pearl River Watershed is complex, and there will
be considerable uncertainty in the results, no matter what level of study is conducted. Because of
this, it is often advisable, particularly in reconnaissance and feasibility level studies to conduct a
more general assessment of representative segments of the watershed and then extrapolate these
results to the remaining watershed. Development of a broad-scale sediment budget to estimate
the amount of sediment delivered to the Ross Barnett Reservoir from the contributing basin
includes identification of potential sediment sources and sinks, quantification of these data by
grain size, and consideration of the uncertainty of the data. The sediment budget estimates the
volumes and transport rates of sediments in the contributing watershed and provides a scientific
framework for identifying, screening and evaluating potential alternatives for the purpose of
reducing sediment yield and improving water quality. The broad-scale assessment also serves as
the foundation for more detailed geomorphic analyses and sediment modeling if these efforts are
deemed necessary.

1. Aerial Reconnaissance (with Red Hen). A helicopter reconnaissance of the
Pearl River Watershed upstream of the Ross Barnett Reservoir will be conducted
to provide a broad perspective of the watershed processes. A geo-referenced video
will also be collected from the helicopter using the Red Hen methodology.
Approximately 1,130 miles of channels will be reconnoitered as part of this aerial
investigation.

Cost Estimate: $97,410
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2. Analyze All Red Hen Videos. The Red Hen videos will be analyzed to document
the status of existing channels and structures, location of problem areas,
identification of type and extent of bed and bank erosion, sediment sources and
sink areas, and significant morphological features.

Cost Estimate: $19,680

3. Field (Ground) Investigations. Using the results of the Red Hen analysis, a
ground investigation of the watersheds will be conducted. These ground
investigations will be used to supplement the information gained through the
aerial reconnaissance. During these ground investigations, sediment samples will
be collected from representative sediment sources (streambanks, gullies, stream
beds, etc.) throughout the watersheds. All samples will be analyzed to develop
gradations of the sediment sources.

Cost Estimate: $19,220

4. Analysis of Gage Records. An analysis of all available stage and discharge data
in the watershed will be conducted. Stage trends will be analyzed to assess
degradational and aggradational trends. An analysis of the available measured
suspended sediment data will also be conducted. Total annual sediment loads will
be developed for the period of records available at each gage. If data are available,
the annual loads will be developed by grain size. An analysis will be conducted to
assess spatial and temporal trends in the data.

Cost Estimate: $7,380

5. Estimates of Sediment Supply from Sources. The major sediment sources in the
reconnoitered streams will be identified. Typical sources may include sediment
supply from stream bank erosion, upland erosion from the watershed, gullies, and
the channel bed. Quantitative estimates of the annual supply of sediment, by grain
size, will be developed for these sediment sources. Estimates will also be made of
the un-surveyed portions of the watersheds since these 1% and 2" order streams
may represent a significant source of sediment in these watersheds.

Each sediment source will be analyzed with as much accuracy as possible, given
limitations of available data sources and methods by which input was developed.
However, it must be recognized that there will still be considerable uncertainty in
the development of all these estimates. A value of variability (e.g., +/-25%,

+/- 10%, etc.) will be assigned to each individual source estimate and an
uncertainty analysis will be conducted to present a range of values for these
inputs.

Cost Estimate: $24,360
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6. Develop Sediment Budget. A spreadsheet-based sediment budget will be
developed by integrating the knowledge gained through the tasks above. The
sediment budget will identify the major sources and sinks in the system, and how
these source sediments are related to the sinks. A range of results will be
developed reflecting the uncertainty analyses.

Cost Estimate: $17,880

7. Report. A report summarizing the findings of the study will be prepared and
submitted to the Mississippi Department of Environmental Quality.

Cost Estimate: $7,380

Total Cost for All Tasks —$198,310
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The following appendix contains recommended design criteria for specific stormwater
best management practices. The design criteria were developed by the Mississippi Department of
Environmental Quality (MDEQ) in order to assist developers in designing stormwater
management structures that improve water quality. The recommendations are consistent with
green infrastructure enhancement in the Ross Barnett Reservoir watershed. The design criteria
are reprinted below and will be included in MDEQ’s Planning and Design Manual for the

Control of Erosion, Sediment, and Stormwater.

Additional Recommended Design Criteria, Specifications and Methodologies

The following criteria, specifications, and methodologies are recommended for stormwater
management systems that are not specified by applicable regulatory requirements of federal,
state or local jurisdictions.

Wet Detention Systems: These systems collect and temporarily store stormwater in a
permanently wet impoundment in such a manner as to provide for treatment through physical,
chemical, and biological processes with subsequent gradual release of the stormwater. These
systems should be designed to meet the following requirements:

1. Required volume: First 0.5 inch of runoff or 1.5 inches of runoff from impervious area

2. Return time: Outfall structure must discharge one half (*2) volume of stormwater within 48 to
72 hours. No more than one half (*2) the volume will be discharged within 48 hours.

3. Permanent pool: Provide average residence time at least 14 days during wet season
4. Littoral zone design:
1. Sloped (4:1 or flatter) to a depth of at least 2 feet below control elevation;
approximately 30 percent of the wet detention system surface area should be

littoral zone (ratio of vegetated littoral zone to surface area of the pond at the
control elevation).

2. The treatment volume should not cause pond level to rise more than 18 inches
above the control elevation, unless the littoral zone vegetation can survive at
greater depths.

3. Eighty percent coverage of the littoral zone vegetation should be established

within the first 24 months. Portions of the littoral zone may be established by
placement of wetland topsoils (at least a four inch depth) containing a seed source
of desirable native plants. To utilize this alternative, the littoral zone must be
stabilized by mulching or other means.
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4. A forebay should be established at the pond inflow points to capture larger sediment
particles and be 4 to 6 feet deep. The forebay volume should equal about 20% of the total
basin volume. Multiple inlets may require additional volume. Direct maintenance access
should be a minimum of 15 feet wide, with a maximum slope of 5:1.

5. Mean depth of the permanent pool should be between 2 and 8 feet. The maximum depth
should not exceed 12 feet below the invert of the outlet device, unless the deeper depths
will not inhibit physical, chemical, and biological treatment processes or cause re-
suspension of pollutants into the water column due to anaerobic conditions in the water
column.

6.  Flow path through pond should have an average length to width ratio of at least 2:1. The
alignment and location of inlets and outlets should maximize flow paths in the pond. If
short flow paths are unavoidable, the effective flow path should be increased by adding
diversion barriers such as islands, peninsulas, or baffles to the pond. Inlet structures should
be designed to dissipate the energy of water entering the pond.

7. Outlet devices incorporating dimensions smaller than three inches minimum width or less
than 20 degrees for “v” notches should include a device to eliminate clogging. Examples
include baffles, grates, and pipe elbows.

8.  Outlet structure invert elevations should be at or above the estimated post-development
normal ground water table elevation. If the proposed structure is set below this elevation,
ground water inflow must be considered in the drawdown calculations, calculation of
average residence time, estimated normal water level in the pond, and pollution removal
efficiency of the system.

9.  Permanent maintenance easements or other acceptable legal instruments to allow for access
to and maintenance of the system, including the pond, littoral zone, inlets, and outlet should
be established.

Dry Retention Systems: These systems are designed to collect and temporarily store stormwater
in a normally dry basin with subsequent gradual release of the stormwater. Dry detention is
recommended as an off-line system, but if the design calls for an in-line system, additional
volume may be required. Additional volume may be required for on-line systems. These systems
should be incorporated as a best management practice in a treatment train approach, which
includes other best management practices, including but not limited to, grassed swales, level
spreaders, filter strips, buffer zones, bioretention, and skip curbs all with water flow lengths less
than 300 feet. Dry retention systems are not recommended for use in areas that require piped
water conveyance systems. These systems should be designed to meet the following
requirements:

1.  Required volume: first 1.0 inch of runoff or 2.5 inches from impervious areas, whichever is
greater?
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2. Return Time: Discharge one-half the appropriate treatment volume of stormwater specified
above between 24-30 hours following a storm event.

3. Discharge structures should include a device to prevent the discharge of accumulated
sediment, minimize exit velocities, and prevent clogging. A perforated riser enclosed in a
gravel jacket and perforated pipes enclosed in sand or gravel is a good example.

4.  Contain areas of standing water for no more than 3 days following a storm event.

5.  Stabilized with permanent native vegetative cover.

6.  Average flow path through the basin should have a length to width ratio of at least 3:1. The
alignment and location of inlets and outlets should be designed to maximize flow paths in
the basin. If short flow paths are unavoidable, the effective flow path should be increased
by adding diversion barriers such as baffles.

7. Inlet structures should be designed to dissipate the energy of water entering the basin.

8. A maintenance schedule is recommended for removal of sediment and debris on at least a
bi-monthly basis, as well as mowing and removal of grass clippings.

9.  Basin floor should be level or uniformly sloped (1-2% maximum) toward the outfall
structure.

10. Basin floor should be at least three feet above the seasonal high ground water table
elevation. Sumps may be placed up to one foot below the control elevation.

11. Permanent maintenance easements or other acceptable legal instruments should be in place
to allow for access to and maintenance of the system. The easement or other acceptable
instrument should cover the entire stormwater system.

Constructed Wetland Systems: Wetland systems collect and temporarily store stormwater in a
permanently wet impoundment and provides treatment through physical, chemical, and
biological processes. These systems should be designed to meet the following requirements.

1.  Required volume: First 1.0 inch of runoff or 2.5 inches of runoff from impervious area.

2. Inflow of water must be greater than infiltration.

3. Designed for an extended detention time of 24 hours for the 1-year storm event.

4.  Protection against blockage should be installed around outlets vulnerable to blockage form

plant material or other debris that will enter the basin with stormwater runoff. Reverse
slope pipes are recommended.
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5.  Surface area of the wetland should account for a minimum 3% of the area of the watershed
draining into it.

6.  The length to width ratio should be at least 3 to 1.

7.  Deeper area of the wetland should include the outlet structure so that the outflow from the
basin is not impeded by sediment buildup.

8. A forebay should be established at the pond inflow points to capture larger sediment
particles and be 4 to 6 feet deep. The forebay volume should equal about 20% of the total
basin volume. Multiple inlets may require additional forebay volume. Direct maintenance
access should be a minimum of 15 feet wide, with a maximum slope of 5:1.

9. In cases where water velocities exceed 0.5 ft/s, energy dissipation devices should be
installed.

10. Pre- and post-grading pondscaping design should be used to create both horizontal and
vertical diversity and habitat.

11. Approximately 30 to 50 percent of the shoulder (12 inches or less) area of the basin should
be planted with native wetland vegetation.

12. A 25-foot buffer, for all but pocket wetlands, should be established and planted with native
riparian and upland vegetation.

13. Surrounding slopes should be stabilized by planting in order to minimize sediment and
pollutants from entering the wetland.

14. A written maintenance plan should be provided and adequate provision made for on going
inspection and maintenance. Maintenance should be scheduled more often during the first
three years after construction.

15. Permanent maintenance easements or other acceptable legal instruments to allow for access
to and maintenance of the system is recommended. The easement or other acceptable
instrument should cover the entire stormwater system.

Swale Systems: These systems are man-made trenches which filter and treat stormwater runoff
as part of a treatment train approach. Swale system criteria may vary depending on its place in
the treatment train. However, at a minimum these systems should be designed to meet the
following requirements:

1.  Required volume should be designed for a 6-month, 24-hour design storm event.

2. No contiguous areas of standing or flowing water within 72 hours following storm event.
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3. Peak discharges should be 5 to 10 cfs.

4.  Water velocity should be 1.0 to 1.5 ft/s.

5. Maximum design flow depth should be 1 foot.

6.  Swale slopes:
a. Graded as close to zero as possible and still permit drainage
b. Should not exceed 2%

7. Must have a top width to depth ratio of greater than 6:1, or cross-section side slopes of 3:1
(horizontal:vertical) or flatter.

8.  Swale length should be at least 100 feet per acre of drainage area.

9.  Underlying soils should have high permeability.

10. Swales must be planted with or have stabilized native vegetation suitable for soil
stabilization, stormwater treatment, and nutrient uptake.

11. Soil erodibility, soil percolation, slope, slope length, and drainage area must be taken into
account, in order to prevent erosion and reduce pollutant concentration of any discharge.

12. Permanent maintenance easements or other acceptable legal instruments to allow for access

to and maintenance of the system is recommended. The easement or other acceptable
instrument must cover the entire stormwater system.

Manufactured Stormwater Treatment Systems: These systems are recommended for use in

commercial and industrial developments. The manufactured systems should satisfy the
following conditions:

1.

Field test data from the southeastern United States should be available. The test data
should be from an area with similar rainfall distribution as the project area.

Field test data should provide the following results:
a. Removal of 70-80% of total suspended solids (TSS)

b. Particle size distribution for TSS removal rates
C. Conditions under which TSS removal is obtained (storm event, rainfall intensity,
etc.)

Maintenance information should include how often the system should be serviced.

Manufactured systems should be structurally sound and designed for acceptable
municipal and commercial traffic loadings.
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5. Manufactured systems should not allow inflow or infiltration.
6. Weirs, openings, and pipes should be sized to pass, as a minimum, the storm drain system

design storm.
7. Manholes should be provided to each chamber to provide access for cleaning.

8. Treatment train approach incorporating the use of other appropriate best management
practices is recommended because efficiency will be increased and maintenance reduced.

0. Permanent maintenance easements or other acceptable legal instruments to allow for
access to and maintenance of the system is recommended.

Detention Practice Criteria: These criteria are recommended when post-construction runoff
volumes should be kept to pre-construction values in order to prevent downstream degradation
and flooding. Detention basins and associated outflow structures should be designed to address
the 2-year, 5-year, 10-year, and 25-year, and 50-year, 24-hour storm events.

Runoff volumes and rates may be calculated using the SCS Runoff Curve
Number Method (see Appendix Volume, Appendix A, A-16).

Detention storage may be determined using the Short Cut Floodrouting Method

for determining drainage areas and runoffs that fall with the method’s limits. If

drainage areas and runoffs fall outside the method’s limits other detention sizing
methodologies should be used.

Erosion and Sediment Control Calculations for Estimated Reductions: The effect of BMPs
may be calculated using the USLE methodology (see Appendix Volume, Appendix A, A-2).
During construction, the BMP plan should demonstrate the ability to keep sediment yield to 115%
of the pre-disturbance sediment yield (15% increase in sediment above pre-disturbance
conditions). This is knows as performance based planning. A performance based plan can
demonstrate that selected practices may meet the desired results.

Effectiveness of Erosion and Sediment Control BMPs: An estimate of the effectiveness of a
selection of the more common erosion and sediment control BMPs may be found on Page A-11 of
the Appendix Volume). These estimates can help in performance based planning.
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INTRODUCTION

Cost estimates for installing management measures in the watersheds targeted for
restoration were developed based on the areas proposed for new development and retrofits. Costs
on a per-area or per-practice basis are based on estimated costs from various sources. Table T.1
also includes the relative land consumption that was used to estimate the footprint of the
management practice based on the land area treated by the practice. For example, a correctly
sized bioretention basin designed to treat the first-flush of stormwater will require approximately
5% of the land area draining into it. Tables T.2 through T.4 include cost estimates for
management measures recommended for targeted watersheds. Cost estimates were converted to

2010 values based on an annualized inflation rate of 2.39%.!

! Per Measuring Worth website. Online at http://www.measuringworth.com/uscompare/. Average Annualized
inflation rate from 1997 to 2010 is 2.39% based on the consumer price index.

T-1



Appendix T

Cost Estimates for Management Measures

October 31, 2011

Table T.1. Urban green infrastructure cost estimates.

Measure

Unit

Estimated
Cost per
Unit

Relative Land
Consumption
of Measure
(% drainage
area)

References and Notes

Bioretention areas/rain
gardens

sq ft

$8.07

504 2

Cost estimates from various sources showed a wide range of variation depending on
soil types and design criteria. Costs per acre of development range from $5,000 to
$10,000 for larger areas and costs per square foot of treatment area range from $3
to $15%. Another reference estimated the cost of bioretention basins to be $240,000
per acre (WERF 2003). This cost estimate is based on $7 per square foot (2004
cost) or $8.07 square foot (2010 cost).

Stormwater detention/
retention basins

sq ft

$0.76

204 2

A typical retention basin costs $45,700 per acre-foot (Brown and Schueler 1997) ©.
Other sources give the average cost of installing a stormwater retention pond at
$15,500 per acre of impervious surface area (CWP 2005).This cost estimate is
based on a cost of $33,057 per acre-foot (2010 cost) and an assumed depth of 2
feet.

Infiltration systems

sq ft

$7.93

3% @

The construction cost of subsurface infiltration structures can vary greatly
depending on design variations, configuration, location, desired storage volume,
and site-specific conditions, among other factors. Typical construction costs are
about $5.70 per square foot, which includes excavation, aggregate (2.0 feet
assumed), non-woven geotextile, pipes and plantings.”’ This cost is $7.93 per
square foot when corrected for 2010.

Constructed
stormwater wetlands

sq ft

$1.92

4% @

A typical constructed stormwater wetland cost is $60,000 per acre-foot (Brown and
Schueler 1997).®) Cost estimate is based on an assumed depth of 1 foot. The cost
corrected to 2010 is $83,514 per acre or $1.92 per square foot. Another study gave
a cost of $125,000 for construction of a constructed stormwater wetland treating a
50-acre development (WERF 2003). The wetland footprint was approximately 2
acres at a cost of $62,500 per acre.

Pervious pavement

sq ft

$10.73

Estimate for the cost of pervious pavement is based on Hathaway and Hunt 2007.

Water quality
swales/bioswales

sq ft

$1.39

$1.00 per square foot® based on 1997 prices. Cost estimates assume a standard
width of 10 feet.
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Table T.1. Urban green infrastructure cost estimates (continued).

Relative Land
Consumption
Estimated| of Measure

Cost per | (% drainage

Measure Unit Unit area) References and Notes
(7) - -
Grassed swales sq ft $0.70 _ $Q.50 per square foot'” based on 1997 prices. Cost estimates assume a standard
width of 10 feet.
Vegetated filter strips sq ft $0.97 B $0.70 per square foot® based on 1997 prices Cost estimates assume a standard
with level spreaders g ' width of 20 feet.
(9) - -
Green roof sqft | $20.00 . $29 per square foot.™ Cost estimates assume the applicable rooftop area of a
building is 1,000 square feet.
Rain barrels/cisterns bplgrg $200.00 -- Estimated cost for rain barrels is $200 per building.

Planned Urban
Development (PUD)
Preservation of
vegetation/trees on -- -- --

Costs estimates based on low impact development subdivisions from

acre |$7,500.00 . TetraTech 20009.

Planning costs are included within the cost of improved stormwater controls on
individual lots. There is little additional cost for preserving existing vegetation.

urban sites

Homeowner education Costs calculated in budget of the Comprehensive Education & Outreach Plan for
programs B B B Rezonate!.

Disconnected Costs included in the management measures used to treat disconnected stormwater
impervious areas B B B (i.e., grassed swales, bioretention areas, etc.).

Notes:

(1) See Fact Sheet on Bioretention Basins/Rain Gardens in Appendix N of the Comprehensive Protection and Restoration Plan for details.
(2) WERF 2003. Table B-3, Cost and Relative Land Consumption by BMPs.

(3) See Fact Sheet on Stormwater Retention/Detention in Appendix N of the Comprehensive Protection and Restoration Plan for details.
(4) See Fact Sheet on Infiltration Devices in Appendix N of the Comprehensive Protection and Restoration Plan for details.

(5) See Fact Sheet on Constructed Stormwater Wetlands in Appendix N of the Comprehensive Protection and Restoration Plan for details.
(6) See Fact Sheet on Water Quality Swales in Appendix N of the Comprehensive Protection and Restoration Plan for details.

(7) See Fact Sheet on Grassed Swales in Appendix N of the Comprehensive Protection and Restoration Plan for details.

(8) See Fact Sheet on Vegetated Swales in Appendix N of the Comprehensive Protection and Restoration Plan for details.

(9) See Fact Sheet on Green Roofs in Appendix N of the Comprehensive Protection and Restoration Plan for details.
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Table T.2. Measures for stream banks and buffer zones.

Measure Unit Cost per Unit Notes
\Vegetative stream bank
protection/stabilization using LF $190.00 Cost estimate based on median range from TetraTech 20009.

bioengineering measures

Cost for planting a forest buffer based on Lynch and Tjaden 2000. Cost of
LF $2.04 $700 per acre ($886 per acre for 2010) was converted to linear feet using the
assumption that riparian buffers are 100 feet in width.

Restored riparian
buffer/vegetative buffers

Table T.3. Other measures.

Measure Unit Cost per Unit Notes
Improved stormwater This estimate represents the cost to the developer for erosion and sediment controls (silt
controls on individual acre $2,000.00 fences, sedimentation basins, and phasing) from Tetra Tech 2009. The costs for local and
lots state agency permitting and inspections are not included.
Cost to maintain natural open space with only minimal maintenance, trash/debris cleanup.
Green space and buffer ; S . .
Zone maintenance acre $75.00 This represents a significant cost savings over turf grass areas that must be maintained

with regular mowing, which costs up to $300 per acre per year.*
*Note: from North Carolina Forest Service, Green Infrastructure. Available online at http://www.dfr.state.nc.us/Urban/urban_green_infrastructure.htm
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Table T.4. Measures for lands in agricultural production.

Measure Unit Cost per Unit Notes
The Mississippi Natural Resources Conservation Service (NRCS) 2011
Fencing of pastures (interior to Environmental Quality Incentives Program (EQIP) payment schedule lists the
facilitate rotational grazing) following costs:
e Fencing at less than $1 to over $3 per linear foot,
. e Prescribed grazing at $80 to $180 per acre,
g;f;?:“ve water sources for acre $150.00 |, Watering facilities from approximately $80 to over $500 each, and
e Stream crossing at almost $3 per linear foot.
An average value of $150 per acre is assumed for best management practices
Livestock stream crossing (BMPs) needed to fence cattle and provide appropriate alternative water sources
and stream protection.
Field borders acre $200.00  |Establishing field borders is similar to establishing a filter strip.
Filter strips acre $200.00 NRCS assigns a cost of around $200 per acre for establishment of filter strips
under EQIP.
Preserved/restored riparian buffer Cost for planting a grassed buffer based on Lynch ar_1d Tjaden 2(_)00. Cost of $300
20Nes LF $0.88  |per acre _($380 per acre for 2010) was converFed tg linear feet using the
assumption that riparian buffers are 100 feet in width.
Mississippi NRCS estimates costs for nutrient management vary from $1.80 to
Nutrient management acre $8.00 $1_4.4 per acre depending on the p_re}ctice (ranges from bf:lsic nut_rient_manager_nent
with soil testing to enhanced precision agriculture techniques with yield monitors
for EQIP in 2011.
Properly designed skid trails and acre $500.00 Mississippi NRCS estimates costs for forest harvest trails and landings as
landings ' between $480 and $780 per acre for EQIP in 2011.
Streamside management zones . Not available The cost of SMZs is usually estimated based on the value of unharvested timber
(SMZs) in the SMZ. The values varies based on the type of timber and market variability.
. Reported costs for planting range from $23 per acre to approximately $150 per
Forest regeneration acte $133.00 acre for seeding (1998 dollars). Cost is based on $100 per acre corrected to 2010.
Conservation easements acre $2,500.00 |Cost estimate based on median range from Tetra Tech 2009.
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Table U.1. Nine key elements for watershed plans.

Location in Comprehensive
Elements Protection and Restoration Plan
1. Anidentification of the causes and sources or groups of similar sources that will need to be controlled to achieve the
load reductions estimated in this watershed-based plan (and to achieve any other watershed goals identified in the

watershed-based plan), as discussed in item 2. Sources that need to be controlled should be identified at the significant Section 4.0,
subcategory level with estimates of the extent to which they are present in the watershed (e.g., number of dairy cattle Sections 7.5 through 7.8,
feedlots needing upgrading, including a rough estimate of the number of cattle per facility; number of acres of row Appendix H

crops needing improved nutrient management or sediment control; or number of linear miles of eroded stream bank
needing remediation).

2. An estimate of the load reductions expected for the management measures described under item 3 (recognizing the
natural variability and the difficulty in precisely predicting the performance of management measures over time). Sections 7.5 through 7.8,
Estimates should be provided at the same level as in item 1 (e.g., the total load reduction expected for dairy cattle Appendix N
feedlots; row crops; or eroded stream banks).

3. Adescription of the nonpoint source management measures that will need to be implemented to achieve the load
reductions estimated under item 2 (as well as to achieve other watershed goals identified in this watershed-based plan),

and an identification (using a map or a description) of the critical areas in which those measures will be needed to Section 7.0
implement this plan.

4. An estimate of the amounts of technical and financial assistance needed, associated costs, and/or the sources and
authorities that will be relied upon, to implement this plan. As sources of funding, states should consider the use of ions 7.5 th h7
their Section 319 programs; State Revolving Funds; USDA's Environmental Quality Incentives Program and Sections 5 through 7.8,
Conservation Reserve Program; and other relevant federal, state, local and private funds that may be available to assist Section 8.0
in implementing this plan.

5. An information/education component that will be used to enhance public understanding of the project and encourage Comprehensive Education &
their early and continued participation in selecting, designing, and implementing the nonpoint source management Outreach Plan for Rezonate!
measures that will be implemented. (FTN 2011)

A reasonably expeditious schedule for implementing the nonpoint source management measures identified in the Plan. Section 8.0
A description of interim, measurable milestones for determining whether nonpoint source management measures or .
other control actions are being implemented. Section 9.0
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Table U.1. Nine key elements for watershed plans (continued).

Location in Comprehensive

Elements Protection and Restoration Plan
8. A set of criteria that can be used to determine whether loading reductions are being achieved over time and substantial

progress is being made towards attaining water quality standards and, if not, the criteria for determining whether this .
watershed-based plan needs to be revised or, if a nonpoint source total maximum daily load (TMDL) has been Section 9.0
established, whether the nonpoint source TMDL needs to be revised.

9. A monitoring component to evaluate the effectiveness of the implementation efforts over time, measured against the
criteria established under item 8.

Ross Barnett Reservoir Monitoring
Plan (FTN 2011)
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