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Similar to the extended wet detention basin described above, an extended dry detention 
basin is an excavated surface storage facility designed to collect and temporarily store 
stormwater runoff, and release it at a reduced rate. An extended dry detention basin is 
designed to drain completely following a storm. Its primary purpose typically is flood 
control, but basins can effectively attenuate peak flows from any size storm and protect 
downstream channels and habitats. The attenuation of peak flows is necessary to restore 
natural flow regimes that have been modified by changes to surrounding land use. 
Extended dry detention basins serve a purpose similar to other flow attenuation structures 
(extended wet detention basins and created wetlands), but each is selected for further 
evaluation in the Flat Creek watershed since the hydrology, soils, and surrounding land use 
may dictate which measure would be more effective in a single location. 

Outlet Control Structure 
Outlet control structures (OCSs) are stormwater devices used to regulate flow (discharge) 
from a stormwater storage basin, including extended dry/wet detention basins and created 
wetlands. OCSs typically are concrete structures (round or rectangular riser structures 
having formed notches and weirs) but might include stone structures such as stone 
spillways. OCSs often incorporate multiple stage openings to regulate discharge for various 
recurring storms. These structures also often incorporate the use of trash racks, debris 
screens, or sediment filters to enhance operational performance. An OCS was considered a 
valid restoration measure to address the altered hydrology and specifically, the increases in 
peak events in the Flat Creek watershed. 

Outlet Control Structure Retrofit 
This measure includes retrofitting or modifying an OCS to adjust/enhance operational 
performance. Typical OCS retrofits might include reduction in weir or orifice openings, 
adjustments to control elevations, modifications to the OCS discharge pipe, and installation of 
a trash rack, debris shield, or sediment filter. Minor retrofitting of an OCS might significantly 
improve its performance by reducing flow released to the receiving stream. This restoration 
measure was appropriate for carrying forward in the planning process, as it addresses altered 
hydrology in the watershed, similar to installation of a new OCS. 

Detention Basin Expansion 
Expansion of a detention basin may also be a feasible flow attenuation measure. Basin 
expansion might be accomplished vertically by increasing depth, laterally by expanding the 
footprint, or by adjusting the side slope angle to allow for increased storage capacity. 
Expansion of a detention basin directly improves its efficiency through increase storage 
volumes and reduced discharge to the receiving stream. Reduction in peak flow releases to 
the stream helps to minimize hydrologic alterations within the watershed and restore 
natural flow regimes. In the Flat Creek watershed, altered hydrology and increased peak 
flows limit aquatic habitat diversity. Detention basin expansion is an appropriate restoration 
measure for these reasons. 

Created Wetlands 
The creation of riparian wetlands can attenuate peak stormwater discharges to the stream 
by providing capture and storage of stormwater runoff, and regulating its release back to 
the stream. Wetland construction within the riparian corridor helps to restore natural flow 
regimes by decreasing the velocity and volume of stormwater runoff and providing 
protection of downstream channels and habitat. Other beneficial functions of riparian 
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wetlands include (1) providing habitat for aquatic organisms by establishment of necessary 
depths and vegetative cover, (2) removing pollutants through vegetative filtering, and 
(3) improving water quality through sediment removal (see also “sediment forebay” below). 
These functions provide associated benefits to aquatic ecosystems. Created wetlands are 
carried forward in the planning process to address altered instream hydrology for the same 
reasons as detention ponds and OCS and their retrofits. 

Aquatic Vegetation Planting 
Aquatic vegetation planted within wetland areas or extended wet detention basins help to 
stabilize these features and minimize impacts related to peak flows, such as the potential for 
channelization. Establishing aquatic vegetation will also reduce the potential for erosion and 
sedimentation throughout the facility. As an associated benefit, aquatic vegetation provides 
both a food source and habitat for riparian organisms that inhabit the riparian wetland or 
extended wet detention basin. Vegetation also promotes nutrient uptake and overall water 
quality improvement. All these functions benefit the receiving stream in term of water 
quality improvement. In conjunction with flow attenuation measures, aquatic vegetation 
planting is an appropriate measure to carry forward to address the altered hydrology in the 
Flat Creek watershed. 

Micropool 
A micropool is a measure that can be incorporated into the design of a created wetland or an 
extended wet or dry detention basin. The micropool typically is shallow and permanently 
inundated. Its function is to reduce resuspension of sediment and to guard against 
vegetation encroachments toward the OCS. The micropool can be planted with wetland 
vegetation, but it should be deep enough at the OCS pipe to discourage vegetative 
encroachments that could cause clogging. In the Flat Creek watershed, altered hydrology 
and peak volumes are identified problems. A micropool used in conjunction with other flow 
attenuation devices is a valid restoration measure. 

Sediment Forebay 
The sediment forebay is a measure associated with created wetland and extended wet or 
dry detention basins. When used, this measure can enhance sediment reduction by trapping 
larger particles near the inlet of the pond. If possible, the forebay should include a 
permanent pool to minimize the potential for scour and resuspension of sediment. Sediment 
forebays should be designed with ease of maintenance, facilitating periodic scheduled 
sediment removal. A sediment forebay, in conjunction with a flow attenuation device, is a 
feasible restoration measure for the same reasons given for other detention enhancements. 

Pilot Channel 
A pilot channel is a surface conveyance used within created wetlands and extended wet or 
dry detention basins to convey low flows through those facilities. Because flows are 
concentrated under low-flow conditions, flow traveling through such facilities can be erosive 
and cause erosion and sedimentation within the basin. By concentrating low flows through a 
pilot channel, the channel can be designed and stabilized to withstand the flow with causing 
adverse erosion and sedimentation. A pilot channel is a valid restoration measure, when used 
to enhance the functionality of other flow attenuation measures, for consideration in the Flat 
Creek watershed. The watershed exhibits altered hydrology and increases in peak volumes. 
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5.1.2 Nonstructural Restoration Measures 
Nonstructural restoration measures include activities, programs, ordinances, or policies aimed 
at protecting streams and riparian ecosystems from activities that might cause adverse 
impacts. These measures do not involve construction-related activities, but rather establish 
programs or policies that promote protection and preservation of the physical stream 
conditions and overall ecosystem integrity. Each nonstructural measures identified would 
promote the sustainability of ecosystem restoration in the Flat Creek watershed; however the 
City of Gainesville would implement all the measures as part of its ongoing watershed 
management program (Section 2.1.2, Ongoing Local Programs). Note that the City of 
Gainesville and Hall County have all these measures in place, except for public educational 
components associated with a restoration implementation and invasive plant species removal. 

Adoption of Protective Stormwater Ordinances 
Adoption of stormwater ordinances, such as those developed by the Metropolitan North 
Georgia Water Planning District, promotes stream restoration through establishment of 
stormwater management regulations. Adoption, implementation, and enforcement 
responsibilities fall onto municipalities and local jurisdictions. Federal- and state-mandated 
programs, such as NPDES permitting, now apply to construction activities as well as 
communities that fall under Phase 1 and Phase 2 regulations. Such programs are effective in 
terms of establishing standards for land use and development, as well as establishing 
programs to monitor streams and stormwater discharges. Municipalities can also adopt 
development standards related to stormwater management, such as those provided in the 
Georgia Stormwater Management Manual. 

Enforcement of Protective Ordinances 
Protective ordinances may be related to stream buffer protection, greenway preservation, 
development standards, construction standards, and other activities. Ongoing enforcement 
of these ordinances can ultimately protect streams, stream buffers, and the benefits they 
provide to aquatic ecosystems. Enforcement of protective ordinances and public education 
concerning the benefits of stream buffers work together to preserve continuous reaches of 
stream buffers, which are critical to stream stability and the avoidance of degradation from 
impacts related to development. Enforcement is the responsibility of local governments, 
which must plan and dedicate resources for this effort to be effective. 

Litter Cleanup in Stream Corridors 
Another nonstructural measure that can be used to promote environmental awareness, 
ecosystem protection, and stream restoration are scheduled stream walks and cleanup 
activities. These programs would be sponsored by municipalities or various civic 
organizations, and are usually focused on a specific segment of stream known to be affected 
by excessive litter and debris. Such events require planning and promotion, but if well-
organized can very effectively improve affected streams. 

Public Educational Components: Interpretive Signage, Trails, Boardwalks, Benches 
Public educational components can be implemented with other structural restoration measures 
to convey and demonstrate environmental stewardship principals related to stormwater 
management and protection of streams and rivers. Interpretive signage, mulch trails, 
boardwalks, or benches may be incorporated, where appropriate, into a restoration design. 
Educational programs can target a variety of citizen groups (including schools and civic 
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organizations) and may use a vast array of resources to deliver pertinent information. 
Available sources that can be used to disseminate of information include newspapers and 
publications, media broadcasts, mailing of brochures, and various other sources. 

Ongoing Invasive Plant Species Removal 
Some municipalities have implemented removal programs to control the propagation of 
invasive plant species present within stream corridors. This nonstructural measure requires 
either dedication of in-house resources or an annual contract/budget to programmatically 
target and remove invasive plant species on a regular schedule. 

Post-construction Stormwater Management 
Post-construction stormwater management includes implementation of a program to review 
design plans and inspect completed construction sites and developments to observe 
functionality of the constructed stormwater management facilities. This activity would help 
identify any necessary modifications to the operation or maintenance of features, such as 
outlet structures, detention ponds, and other stormwater infrastructure. This nonstructural 
measure may serve as an early warning/preventative maintenance system to identify and 
address potential adverse conditions before they develop further or worsen. 

Construction Site Inspection Program 
Stormwater runoff from improperly managed and controlled construction sites can be 
detrimental to the overall health of the receiving streams. Insufficient sediment and erosion 
control measures at construction sites can result in high concentrations of TSS in stormwater 
runoff and downstream sedimentation. A construction site inspection program, in 
conjunction with erosion and sedimentation control ordinances, can be an effective 
nonstructural measure to prevent such occurrences. 

Preservation of Greenspace 
In addition to enforcement of stream buffers, designating and preserving greenway corridors 
can further protect streams by extending setbacks and limiting disturbance within an 
established distance from the stream. Preservation of greenspace further protects the stream 
corridor from impacts related to clearing, encroachments, or unauthorized activities. 

Long-Term Stream Monitoring 
Monitoring programs can help to identify conditions that may be adversely affecting streams, 
or have potential to cause adverse impacts. Identification of debris jams, severe bank erosion 
or worsening conditions, changes in stream alignment and stability, unauthorized clearing or 
encroachments, and other developing situations might be detected through scheduled 
monitoring. In this way, monitoring can be a means of early detection of developing 
problems, which might be quickly addressed or prevented before conditions worsen. 

5.2 Evaluation and Screening of Restoration Measures 
The restoration measures identified in Table 5-1 were evaluated and screened based on the 
following factors: 
 

• Potential to meet the Flat Creek watershed planning objectives 
• Necessary groupings of restoration measures  
• Estimated costs of mutually exclusive measures 
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Based on this screening and evaluation, detailed below, all potential restoration measures to 
improve aquatic ecosystems in the Flat Creek watershed (Table 5-1) were selected to be 
included in the formulation of alternative plans. No restoration measures were screened out 
based on this process. 

5.2.1 Screening of Restoration Measures Based on Plan Objectives 
Restoration measures were evaluated based on their applicability to the Flat Creek 
watershed objectives and opportunities. These restoration measures that could address each 
identified opportunity are summarized in Table 5-2 and organized based on the ecosystem 
restoration opportunities identified for the Flat Creek watershed. Comparing ecosystem 
restoration opportunities with the potential restoration measures listed in Table 5-1, each of 
the potential structural restoration measures identified remains viable for consideration in 
formulation of alternative plans. Further, although the nonstructural programs and 
activities listed in Table 5-1 do not directly address specific ecosystem restoration 
opportunities for the Flat Creek watershed, these programs could directly enhance these 
opportunities for ecosystem restoration. 
TABLE 5-2 
Ecosystem Opportunities and Potential Restoration Measures
Flat Creek Watershed Detailed Project Report – Environmental Appendix

Ecosystem Restoration Opportunity Potential Restoration Measures 

To restore native, intolerant aquatic 
species and increase species 
richness/evenness in the watershed. 

• Engineered riffle 
• J-hook 
• Cross vane 
• Pool/step pool 

• Log sill 
• Root wad 
• Boulders 
• All nonstructural measures 

To restore natural flow regimes to a 
practicable extent and reconnect the 
stream to the floodplain to dissipate 
peak flow velocities, which increases 
the quality of instream and riparian 
habitats. 

• Debris jam removal 
• Culvert replacement 
• Adjust stream meanders 
• Create bankfull bench 
• Bank grading 
• Extended wet detention basin 
• Extended dry detention basin 
• Outlet control structure 

• OCS retrofit 
• Existing detention basin 

expansion 
• Created wetland 
• Aquatic vegetation planting 
• Micropool 
• Sediment forebay 
• Pilot channel 
• All nonstructural measures 

To restore and protect native, sensitive 
fish and macroinvertebrate species by 
increasing the frequency and quality of 
riffle/pool habitats in the watershed. 

• Engineered riffle 
• J-hook 
• Cross vane 

• Pool/step pool 
• Log sill 
• All nonstructural measures 

To increase in-stream food availability, 
refuge, and stream shading by adding 
woody, native vegetation in disturbed 
riparian areas. 

• Streambank planting 
• Rootwad 
• Invasive plant species 

removal 

• Riparian planting (native 
hardwoods) 

• Riparian planting (seeding 
and mulching) 

• Cattle exclusion fencing 
• All nonstructural measures 

To reduce sedimentation and prevent 
further habitat embeddedness by 
improving bank stability and enhancing 
vegetated riparian ecosystems. 

• Bank stabilization using 
geotextile mattress 

• Stone toe protection 
• Bank grading 

• Streambank planting 
• Riprap 
• Cattle exclusion fencing 
• All nonstructural measures 
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5.2.2 Evaluation of Restoration Measure Combinations 
After potential restoration measures were screened to identify those that can address 
problems in the watershed (all measures included in Table 5-1), the dependence and 
compatibility of different restoration measures were evaluated. Combining some restoration 
measures may be necessary for a sustainable result (Measures that Must be Combined). 
Other measures cannot be effectively combined (Measures that are Mutually Exclusive), and 
still others have a sustainable result when implemented in combination or independently 
(Measures that Can be Combined). To formulate alternatives that were logical and focused, 
combinations of potential restoration measures were categorized into one of these three 
potential categories (summarized in Tables 5-3 through 5-7 and detailed below). This 
information was used in the alternative formulation process. 

Measures That Must Be Combined 
Restoration measures that must be combined included those that, without use in 
combination with one or more other measures, were not considered to be sustainable. 
Table 5-3 summarizes measures that must be combined with one or more other measures to 
obtain benefit and provides an explanation for the measure combinations. 

Measures That Are Mutually Exclusive 
Mutually exclusive measures included those that serve the same purpose, as well as those 
that could not be combined in a single location. Table 5-4 lists restoration measures that 
would be included in the Flat Creek alternatives analysis and that are mutually exclusive. 
Measures that were mutually exclusive would be independently evaluated for a single 
location, but based on materials and requirements, they can be combined into a restoration 
alternative. 

Measures That Can Be Combined 
Combining measures was an important consideration during alternative plan formulation, 
since many measures are more effective when used in series with other measures. As an 
example, use of multiple instream measures such as cross vanes, pools, J-hooks and 
engineered riffle help to maximize restoration efforts by establishing desired riffle/pool 
sequences. Categories of restoration measures (instream, streambank, riparian, and flow 
attenuation) also provide benefits that enhance and sustain each other. The previous 
sections identified restoration measures that must be combined or are mutually exclusive. 
Any remaining combinations contained individual measures that were identified as 
applicable to the Flat Creek watershed project, and therefore can be combined in a single 
alternative. Tables 5-5 through 5-7 summarize the compatibility of the restoration measures 
identified in Section 5.1. Combinations of these measures will be included in the formulation 
of alternative plans and were further evaluated in the economics analysis of the final array 
of alternatives. 

5.2.3 Screening of Mutually Exclusive Measures Based on Cost 
After potential restoration measures were screened to identify those that can address 
problems and opportunities in the watershed, and evaluated based on dependence and 
compatibility, restoration measures were screened based on estimated cost. With regards to 
cost considerations, only a discussion of mutually exclusive measures is applicable. 
Mutually exclusive measures include those that serve the same purpose, as well as those 
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that could not be combined in a single location. For mutually exclusive measures, the least 
costly measure should be selected where applicable. Table 5-4, above, summarizes 
restoration measures identified as mutually exclusive. While the flow attenuation measures 
in Table 5-4 would not be implemented in combination, the selection of the measure is 
dependent on hydrology, the water table, and surrounding land use, as opposed to the 
instream restoration measures which could be implemented at a variety of locations. 
Therefore, preliminary economic analysis of individual measures was conducted on the 
mutually exclusive instream restoration measures only.  

Unit costs for cross vanes, log sills, and engineered riffles were developed based on 2007 
unit costs for construction elements (see Table 5-8). The costs were examined to determine 
the least costly method of obtaining grade control and placement of riffle/pool sequences. 
Table 5-8 shows the estimated unit costs of individual components associated with each 
instream restoration measure from Table 5-4. Where applicable, the lowest cost restoration 
measure was used in development of alternatives. Combinations of measures were included 
in the formulation of alternative plans, outlined in the next section, and were further 
evaluated in the economics analyses of the final array of alternatives.  
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TABLE 5-3 
Restoration Measures that Must be Combined 
Flat Creek Watershed Detailed Project Report – Environmental Appendix 

Primary Measure Complementary Measures Explanation 

Streambank Restoration Measures 

Stream meander 
(add bends) 

Bank grading, bank 
stabilization matting or riprap, 
and streambank planting 

Stream meandering requires bank grading to reshape 
the stream; this measure would not be implemented 
without the subsequent stabilization and planting of the 
streambanks (that are created from the stream meander 
measure) to mitigate the bank grading and assure 
sustainability of the meanders. 

Create bankfull 
bench 

Bank grading, bank 
stabilization matting or riprap, 
and streambank planting  

Creating a bankfull bench requires bank grading to 
reshape the banks. This measure would not be 
implemented without the subsequent stabilization and 
planting of the streambanks to mitigate bank grading and 
ensure sustainability of the bankfull bench. 

Bank grading Bank stabilization matting or 
riprap, and streambank 
planting  

Bank grading would be implemented either to create a 
bankfull bench or to meander the stream. This measure 
would not be implemented without the subsequent 
stabilization and planting of the streambanks to mitigate 
the bank grading. 

Bank stabilization 
matting 

Streambank planting Bank stabilization matting requires streambank planting 
to maintain streambank stability after the stabilization 
materials have biodegraded. 

Riparian Restoration Measures 

Invasive plant 
species removal 

Riparian planting (native 
hardwoods and seeding and 
mulching) 

Invasive plant species removal would require the 
subsequent planting of cleared areas to allow for benefits 
of riparian restoration measures. 

Flow Attenuation Restoration Measures 

Extended wet 
detention basin 

Outlet control structure and 
aquatic vegetation planting 

Extended wet detention basins must include an outlet 
control structure and aquatic vegetation to function as a 
flow attenuation measure. 

Extended dry 
detention basin 

Outlet control structure Extended dry detention basins must include an outlet 
control structure to function as a flow attenuation 
measure. 

Created wetlands Outlet control structure and 
aquatic vegetation planting 

Created wetlands must include an outlet control structure 
and aquatic vegetation to function as a flow attenuation 
measure. 

Outlet control 
structure 

Extended wet detention 
basin, created wetlands, 
extended dry detention basin, 
or detention basin expansion 

Outlet control structures must be constructed within a 
detention basin (new or existing) to function as a flow 
attenuation measure. 

Aquatic vegetation 
planting 

Extended wet detention basin 
or created wetlands 

Aquatic vegetation could be planted only in an area that 
is intended to remain wet (wet detention basin or created 
wetlands) in order to be maintained. 

Micropool Extended wet detention 
basin, created wetlands, 
extended dry detention basin, 
or detention basin expansion 

A micropool can enhance the benefits of a flow 
attenuation measure but can be constructed only within a 
detention basin (new or existing) or created wetlands. 
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TABLE 5-3 
Restoration Measures that Must be Combined 
Flat Creek Watershed Detailed Project Report – Environmental Appendix 

Primary Measure Complementary Measures Explanation 

Sediment forebay Extended wet detention 
basin, created wetlands, 
extended dry detention basin, 
or detention basin expansion 

A sediment forebay can enhance the benefits of a flow 
attenuation measure but can be constructed only within a 
detention basin (new or existing) or created wetlands. 

Pilot channel Extended wet detention 
basin, created wetlands, 
extended dry detention basin, 
or detention basin expansion 

A pilot channel can enhance the benefits of a flow 
attenuation measure, but it can be constructed only 
within a detention basin (new or existing) or created 
wetlands. 

 

TABLE 5-4 
Restoration Measures that are Mutually Exclusive 
Flat Creek Watershed Detailed Project Report – Environmental Appendix 

Mutually Exclusive Measures Explanation 

Instream Restoration Measures 

Cross vane 
Log sill 
Engineered riffle 

These measures are all implemented to achieve grade control and 
to construct riffle/pool sequences. Only one would be required at a 
single location. 

Flow Attenuation Restoration Measures 

Extended wet detention basin 
Extended dry detention basin 
Created wetland 
Detention basin expansion 

Only one of these measures could be constructed/implemented in 
a single location, although the measures could be combined into 
an alternative. 

Outlet control structure retrofit 
Outlet control structure 

Only one of these measures would be implemented, based on 
whether a detention basin is being constructed or an existing 
basin is being retrofitted. 

Outlet control structure retrofit 
Extended dry detention basin 
Extended wet detention basin 
Created wetlands 

An outlet control structure retrofit would not be included with the 
construction of new detention basins or created wetlands, since 
there would be no existing outlet control structure. 

Aquatic vegetation planting 
Extended dry detention basin 

Aquatic vegetation would not be planted in an extended dry 
detention pond, since the pond will not sustain this type of 
vegetation. 
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TABLE 5-5 
Combinations of Instream Restoration Measures 
Flat Creek Watershed Detailed Project Report – Environmental Appendix 
          Complementary
               Measures

       Primary 
       Measure Lo
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Log sill M/E M/E C C C C C C

Engineered riffle M/E M/E C C C C C C

Cross vane M/E M/E C C C C C C

J-hook C C C C C C C C

Debris jam removal C C C C C C C C

Culvert replacement C C C C C C C C

Pool/Step pool C C C C C C C C

Boulders C C C C C C C C

Stone toe protection C C C C C C C C
 

C – can be combined 
M/C – must be combined 
M/E – mutually exclusive 
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TABLE 5-6 
Combinations of Streambank and Riparian Restoration Measures 
Flat Creek Watershed Detailed Project Report – Environmental Appendix 

          Complementary
               Measures

       Primary 
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M/C (with at least one)
Adjust stream meander 
(add bends) C M/C M/C C C C C

Creation of bankfull bench C M/C M/C C C C C

Bank grading C C M/C C C C C

Bank stabilization matting C C C C M/C C C C C

Riprap C C C C C C C C C

Streambank planting C C C C C C C C C

Rootwad C C C C C C C C C

Invasive species removal C C C C C C C M/C M/C

Riparian planting (native 
hardwoods) C C C C C C C C C

Riparian planting 
(seeding/mulching) C C C C C C C C C

M/C (with at least one)

M/C (with at least one)

M/C (with at least one)

 

C – can be combined 
M/C – must be combined 
M/E – mutually exclusive 
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TABLE 5-7 
Combinations of Flow Attenuation Restoration Measures 
Flat Creek Watershed Detailed Project Report – Environmental Appendix 

          Complementary
               Measures
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Extended wet detention 
basin M/E M/E M/E M/C M/E M/C C C C

Created wetlands M/E M/E M/E M/C M/E M/C C C C

Extended dry detention 
basin M/E M/E M/E M/C M/E M/E C C C

Detention basin expansion M/E M/E M/E C C C C C C

Outlet control structure M/E C C C C

Outlet control structure 
retrofit M/E M/E M/E C M/E C C C C

Aquatic vegetation 
planting M/E C C C C C C

Micropool C C C C C

Sediment forebay C C C C C

Pilot channel C C C C CM/C (with at least one)

M/C (with at least one)

M/C (with at least one)

M/C (with at least one)

M/C (with at least one)

 
C – can be combined 
M/C – must be combined 
M/E – mutually exclusive 
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TABLE 5-8 
Unit Costs for Mutually Exclusive Instream Restoration Measures 
Flat Creek Watershed Detailed Project Report – Environmental Appendix 

Description Unit Cost Unit Price 

Cross Vane 

Structure Each $10,600 

3' to 3.5' diameter boulders for footers and cross vanes Square yard $250 

Geotextile Fabric Square yard  $3.50 

Log Sill 

Structure Each $3,500 

Engineered Riffle 

Rip Rap Cubic yard $58.80 

3’ to 3.5’ boulders Each $250 

 

5.3 Developing Alternative Plans 
The first step in formulating alternative plans was to identify locations in the watershed with 
the greatest potential to provide habitat improvement, with the implementation of restoration 
measures. Alternative formulation included applying measures to these problem areas to 
develop plans, combining plans into additional alternatives, and screening alternatives to 
keep those most likely to solve the problems. This process involved further reviews of: (1) the 
restoration measures identified as having the potential to meet the planning objectives; (2) 
site-specific problems and opportunities in the Flat Creek watershed; and (3) restoration 
measures appropriate for each problem site. The alternative formulation process resulted in 73 
single-site restoration alternatives, all possible combinations of the 73 alternatives, and the No 
Action Alternative. Steps followed to formulate alternatives are outlined below.  

Restoration alternatives for the Flat Creek watershed were developed by applying the 
restoration measures at 73 problem sites that were identified during the 2007 field 
assessment. The problem sites identified during the field assessment are shown on Figures 5-1 
(stream problem sites) and 5-2 (stormwater detention structure problem sites). Restoration 
measures were applied to each of the 73 problem sites to develop 73 single-site alternatives. 
Table 5-9 summarizes the 73 single-site alternatives, and describes the location, extent, and 
nature of the problems, as well as the appropriate restoration measures to address them.  
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FIGURE 5-1 
Stream Problem Sites
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Stormwater Detention Structure Problem Sites
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TABLE 5-9 
Potential Restoration Alternatives for the Flat Creek Watershed 
Flat Creek Watershed Detailed Project Report – Environmental Appendix 

Alter-
native ID Type/Location Problems Extent (ft) Applied Restoration Measures 

1 Stream/ 
Upper Flat Creek  

Channel incising and widening 300 • Engineered riffle 
• J-hook 
• Cross vane 
• Boulders 

• Creation of a bankfull bench 
• Bank grading 
• Bank stabilization matting 
• Streambank planting 

2 Stream/  
Upper Flat Creek  

Channelized stream; channel 
incising; impervious area/ structure 
in floodplain 

900 • Engineered riffle 
• Culvert replacement 
• J-hook 
• Cross vane 
• Boulders 
• Create bankfull bench 

• Bank grading 
• Bank stabilization matting 
• Streambank planting 
• Riparian planting (native hardwoods) 
• Riparian planting (seeding/mulching) 

3 Stream/ 
Embayment  

Channel incising 300–500 • Engineered riffle 
• J-hook 
• Boulders 
• Stone toe protection 
• Bank grading 

• Bank stabilization matting 
• Streambank planting 
• Riparian planting (native hardwoods) 
• Riparian planting (seeding/mulching) 

4 Stream/ 
Embayment  

Channelized stream; channel 
incising 

500–1,000 • Engineered riffle 
• J-hook 
• Boulders 
• Stone toe protection 
• Create bankfull bench 
•  Bank grading 

• Bank stabilization matting 
• Riprap 
• Streambank planting 
• Riparian planting (native hardwoods) 
• Riparian planting (seeding/mulching) 

5 Stream/ 
Lower Flat Creek 

Channelized stream; channel 
widening; invasive plant species 
present 

300–500 • Engineered riffle 
• J-hook 
• Cross vane 
• Boulders 
• Create bankfull bench 
• Bank grading 

• Bank stabilization matting 
• Streambank planting 
• Invasive plant species removal 
• Riparian planting (native hardwoods) 
• Riparian planting (seeding/mulching) 

6 Stream/ 
Lower Flat Creek 

Channelized stream; channel 
widening; invasive plant species 
present 

1,000–
1,500 

• Engineered riffle 
• J-hook 
• Pool/Step pool 
• Boulders 
• Creation of a bankfull 

bench 

• Bank grading 
• Bank stabilization matting 
• Invasive plant species removal 
• Riparian planting (native hardwoods) 
• Riparian planting (seeding/mulching) 
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TABLE 5-9 
Potential Restoration Alternatives for the Flat Creek Watershed 
Flat Creek Watershed Detailed Project Report – Environmental Appendix 

Alter-
native ID Type/Location Problems Extent (ft) Applied Restoration Measures 

7 Stream/ 
Lower Flat Creek 

Channelized stream; channel 
incising; lawn in floodplain; invasive 
plant species present 

300–500 • Log sill 
• Cross vane 
• Rootwad 
• Bank stabilization 

matting 

• Streambank planting 
• Invasive plant species removal 
• Riparian planting (native hardwoods) 
• Riparian planting (seeding/mulching) 

8 Stream/ 
Lower Flat Creek 

Channel widening; lawn in 
floodplain; invasive plant species 
present 

300–500 • Log sill 
• Engineered riffle 
• Cross vane 
• Pool/Step pool 
• Rootwad 

• Bank stabilization matting 
• Streambank planting 
• Invasive plant species removal 
• Riparian planting (native hardwoods) 
• Riparian planting (seeding/mulching) 

9 Stream/ 
Lower Flat Creek 

Channelized stream; channel 
incising and widening, lawn in 
floodplain 

100–300 • Log sill 
• J-hook 
• Cross vane 

• Rootwad 
• Bank stabilization matting 
• Streambank planting 

10 Stream/ 
Embayment  

Channelized stream; channel 
widening; lawn in floodplain 

500–1,000 • Log sill 
• J-hook 
• Cross vane 

• Rootwad 
• Bank stabilization matting 
• Streambank planting 

11 Stream/ 
Lower Flat Creek 

Channel incising; invasive plant 
species present 

300–500 • Engineered riffle 
• J-hook 
• Boulders 
• Stone toe protection 
• Create bankfull bench 
• Bank grading 

• Bank stabilization matting 
• Riprap 
• Streambank planting 
• Riparian planting (native hardwoods) 
• Riparian planting (seeding/mulching) 

12 Stream/ 
Lower Flat Creek 

Channel incising and widening 100–300 • Engineered riffle 
• J-hook 
• Boulders 
• Stone toe protection 
• Bank grading 

• Bank stabilization matting 
• Streambank planting 
• Riparian planting (native hardwoods) 
• Riparian planting (seeding/mulching) 

13 Stream/ 
Lower Flat Creek 

Channelized stream; channel 
incising; cleared/maintained 
parallel utility in floodplain 

300–500 • Log sill 
• J-hook 
• Cross vane 

• Rootwad 
• Bank stabilization matting 
• Streambank planting 

14 Stream/ 
Lower Flat Creek 

Channelized stream; channel 
incising; severe bank erosion 

500–1,000 • Log sill 
• J-hook 
• Cross vane 
• Rootwad 

• Bank stabilization matting 
• Streambank planting 
• Riparian planting (native hardwoods) 
• Riparian planting (seeding/mulching) 
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TABLE 5-9 
Potential Restoration Alternatives for the Flat Creek Watershed 
Flat Creek Watershed Detailed Project Report – Environmental Appendix 

Alter-
native ID Type/Location Problems Extent (ft) Applied Restoration Measures 

15 Stream/ 
Lower Flat Creek 

Channel incising and widening; 
cleared/maintained parallel utility in 
floodplain; invasive plant species 
present 

1,000–
1,500 

• Log sill 
• J-hook 
• Cross vane 
• Rootwad 

• Bank stabilization matting 
• Streambank planting 
• Invasive plant species removal 

16 Stream/ 
Lower Flat Creek 

Unstable head cut; 
cleared/maintained parallel utility in 
floodplain 

50–100 • Log sill 
• Pool/Step pool 
• Create bankfull bench 

• Bank grading 
• Bank stabilization matting 
• Streambank planting 

17 Stream/ 
Lower Flat Creek 

Severe bank erosion 100–300 • J-hook 
• Cross vane 
• Stone toe protection 
• Bank grading 

• Bank stabilization matting 
• Streambank planting 
• Riparian planting (native hardwoods) 
• Riparian planting (seeding/mulching) 

18 Stream/ 
Lower Flat Creek 

Unstable head cut  150 • Engineered riffle 
• J-hook 
• Cross vane 
• Boulders 
• Create bankfull bench 

• Bank grading 
• Bank stabilization matting 
• Streambank planting 
• Riparian planting (native hardwoods) 
• Riparian planting (seeding/mulching) 

19 Stream/ 
Lower Flat Creek 

Severe bank erosion  100–300 • J-hook 
• Cross vane 
• Stone toe protection 
• Bank grading 

• Bank stabilization matting 
• Streambank planting 
• Riparian planting (native hardwoods) 
• Riparian planting (seeding/mulching) 

20 Stream/ 
Lower Flat Creek 

Stream piped; channel incising and 
widening; lawn in floodplain; 
invasive plant species present 

300–500 • Log sill 
• J-hook 
• Culvert replacement 

• Stone toe protection 
• Riprap 
• Invasive plant species removal 

21 Stream/ 
Lower Flat Creek 

Channel widening; 
cleared/maintained parallel utility in 
floodplain; invasive plant species 
present 

300–500 • Log sill 
• J-hook 
• Cross vane 
• Rootwad 

• Bank stabilization matting 
• Streambank planting 
• Invasive plant species removal 

22 Stream/ 
Lower Flat Creek 

Evidence of high velocity flow 500–1,000 • Created wetland 
• Log sill 
• J-hook 
• Cross vane 
• Rootwad 

• Bank stabilization matting 
• Streambank planting 
• Invasive plant species removal 
• Riparian planting (native hardwoods) 
• Riparian planting (seeding/mulching) 
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TABLE 5-9 
Potential Restoration Alternatives for the Flat Creek Watershed 
Flat Creek Watershed Detailed Project Report – Environmental Appendix 

Alter-
native ID Type/Location Problems Extent (ft) Applied Restoration Measures 

23 Stream/ 
Lower Flat Creek 

Channel widening; 
cleared/maintained parallel utility in 
floodplain; invasive plant species 
present 

200 • Engineered riffle 
• J-hook 
• Cross vane 
• Boulders 
• Bank stabilization 

matting 

• Streambank planting 
• Invasive plant species removal 
• Riparian planting (native hardwoods) 
• Riparian planting (seeding/mulching) 

24 Stream/ 
Lower Flat Creek 

Channel widening; lawn in 
floodplain; invasive plant species 
present 

500–1,000 • Log sill 
• Engineered riffle 
• Cross vane 
• Pool/Step pool 
• Rootwad 

• Bank stabilization matting 
• Streambank planting 
• Invasive plant species removal 
• Riparian planting (native hardwoods) 
• Riparian planting (seeding/mulching) 

25 Stream/ 
Lower Flat Creek 

Stable knick point; impervious 
area/structure in floodplain 

250 • Engineered riffle 
• J-hook 
• Cross vane 
• Debris jam removal 
• Boulders 

• Creation of a bankfull bench 
• Bank grading 
• Bank stabilization matting 
• Streambank planting 

26 Stream/ 
Upper Flat Creek 

Channelized stream; channel 
incising; impervious area/ structure 
in floodplain; invasive plant species 
present 

900 • Engineered riffle 
• J-hook 
• Cross vane 
• Boulders 
• Bank stabilization 

matting 

• Streambank planting 
• Invasive plant species removal 
• Riparian planting (native hardwoods) 
• Riparian planting (seeding/mulching) 

27 Stream/ 
Upper Flat Creek 

Concrete-lined channel; lawn in 
floodplain; invasive plant species 

900 • Pool/Step pool 
• Stone toe protection 
• Rootwad 
• Create bankfull bench 
•  Bank grading 

• Bank stabilization matting 
• Streambank planting 
• Invasive plant species removal 
• Riparian planting (native hardwoods) 
• Riparian planting (seeding/mulching) 

28 Stream/ 
Upper Flat Creek 

Buildup in floodplain; cleared/ 
maintained parallel utility in 
floodplain 

200 • J-hook 
• Create bankfull bench 
•  Bank grading 

• Bank stabilization matting 
• Streambank planting 
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TABLE 5-9 
Potential Restoration Alternatives for the Flat Creek Watershed 
Flat Creek Watershed Detailed Project Report – Environmental Appendix 

Alter-
native ID Type/Location Problems Extent (ft) Applied Restoration Measures 

29 Stream/ 
Upper Flat Creek 

Channelized stream; channel 
widening; old field in floodplain; 
invasive plant species removal 

600 • J-hook 
• Debris jam removal 
• Bank stabilization 

matting 
• Streambank planting 

• Invasive plant species removal 
• Riparian planting (native hardwoods) 
• Riparian planting (seeding/mulching) 

30 Stream/ 
Upper Flat Creek 

Channel widening; lawn in 
floodplain 

300–500 • Log sill 
• Engineered riffle 
• Cross vane 
• Pool/Step pool 

• Rootwad 
• Bank stabilization matting 
• Streambank planting 

31 Stream/ 
Upper Flat Creek 

Concrete-lined channel; impervious 
area/structure in floodplain 

1,800 • Pool/Step pool 
• Stone toe protection 
• Rootwad 
• Create bankfull bench 

• Bank grading 
• Bank stabilization matting 
• Streambank planting 

32 Stream/ 
Upper Flat Creek 

Channelized stream; channel 
widening; cleared/maintained utility 
in floodplain 

1,800 • Engineered riffle 
• Boulders 
• Stone toe protection 
• Rootwad 
• Create bankfull bench 

• Bank grading 
• Bank stabilization matting 
• Streambank planting 
• Riparian planting (native hardwoods) 
• Riparian planting (seeding/mulching) 

33 Stream/ 
Upper Flat Creek 

Buildup in floodplain 700 • Engineered riffle 
• Stone toe protection 
• Create bankfull bench 
•  Bank grading 

• Bank stabilization matting 
• Streambank planting 
• Riparian planting (native hardwoods) 
• Riparian planting (seeding/mulching) 

34 Stream/ 
Lower Flat Creek 

Channelized stream; old field in 
floodplain 

1,000–
1,500 

• Log sill 
• Adjust stream meander 

(add bends) 
• Create bankfull bench 

• Bank grading 
• Invasive plant species removal 
• Riparian planting (native hardwoods) 
• Riparian planting (seeding/mulching) 

35 Stream/ 
Lower Flat Creek 

Channelized stream 300–500 • Log sill 
• Adjust stream meander 
• Create bankfull bench 

• Bank grading 
• Invasive plant species removal 
• Riparian planting (native hardwoods) 
• Riparian planting (seeding/mulching) 
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TABLE 5-9 
Potential Restoration Alternatives for the Flat Creek Watershed 
Flat Creek Watershed Detailed Project Report – Environmental Appendix 

Alter-
native ID Type/Location Problems Extent (ft) Applied Restoration Measures 

36 Stream/ 
Lower Flat Creek 

Channelized stream; channel 
widening; cleared/maintained utility 
in floodplain 

1,000–
1,500 

• Log sill 
• J-hook 
• Cross vane 
• Pool/Step pool 

• Rootwad 
• Bank stabilization matting 
• Streambank planting 

37 Stream/ 
Lower Flat Creek 

Rip rap or gabions along channel 1,000–
1,500 

• Engineered riffle 
• Debris jam removal 
• Pool/Step pool 

• Invasive plant species removal 
• Riparian planting (native hardwoods) 
• Riparian planting (seeding/mulching) 

38 Stream/ 
Lower Flat Creek 

Channel widening 500–1,000 • Log sill 
• J-hook 
• Cross vane 
• Pool/Step pool 
• Rootwad 

• Bank stabilization matting 
• Streambank planting 
• Invasive plant species removal 
• Riparian planting (native hardwoods) 
• Riparian planting (seeding/mulching) 

39 Stream/ 
Upper Flat Creek 

Concrete-lined channel; impervious 
area/structure in floodplain 

750 • J-hook 
• Adjust stream meander 
• Bank stabilization matting 

• Streambank planting 
• Riparian planting (native hardwoods) 
• Riparian planting (seeding/mulching) 

40 Stream/ 
Lower Flat Creek 

Channel incising and widening 100–300 • Engineered riffle 
• J-hook 
• Boulders 
• Stone toe protection 
• Bank grading 

• Bank stabilization matting 
• Streambank planting 
• Riparian planting (native hardwoods) 
• Riparian planting (seeding/mulching) 

41 Stream/ 
Embayment  

Channel incising 250–500 • Engineered riffle 
• J-hook 
• Boulders 
• Stone toe protection 
• Bank grading 

• Bank stabilization matting 
• Streambank planting 
• Invasive plant species removal 
• Riparian planting (native hardwoods) 
• Riparian planting (seeding/mulching) 

42 Stream/ 
Upper Flat Creek 

Channelized stream; channel 
widening; lawn in floodplain; 
invasive plant species present 

800 • J-hook 
• Adjust stream meander 
• Create bankfull bench 
• Bank grading 

• Bank stabilization matting 
• Streambank planting 
• Riparian planting (native hardwoods) 
• Riparian planting (seeding/mulching) 

A10383 Dry Detention Pond/ 
Lower Flat Creek 

No water quality or channel 
protection; shallow 

N/A • Outlet control structure retrofit (significantly redesign) 
• Existing detention basin expansion (build up berms to increase 

capacity) 
A10458 Dry Detention Pond/ 

Lower Flat Creek 
No channel protection; 
channelization in pond 

N/A • Outlet control structure retrofit (reduce lower orifice and install 
proper outlet filtering) 
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TABLE 5-9 
Potential Restoration Alternatives for the Flat Creek Watershed 
Flat Creek Watershed Detailed Project Report – Environmental Appendix 

Alter-
native ID Type/Location Problems Extent (ft) Applied Restoration Measures 

A10493 Dry Detention Pond/ 
Lower Flat Creek 

No water quality or channel 
protection; potential for large runoff 
amounts 

N/A • Outlet control structure retrofit (significantly redesign) 
• Existing detention basin expansion (excavation) 

A10687 Dry Detention Pond/ 
Lower Flat Creek 

No water quality or channel 
protection; eroding berm 

N/A • Outlet control structure retrofit (significantly redesign) 
• Existing detention basin expansion (excavation) 

A14199 Wet Detention Pond/ 
Upper Flat Creek 

No channel protection N/A • Outlet control structure retrofit (reduce lower orifice and install 
proper outlet filtering) 

• Aquatic vegetation planting 
A14911 Dry Detention Pond/ 

Upper Flat Creek 
No water quality or channel 
protection 

N/A • Outlet control structure retrofit (significantly redesign) 

A15015 Dry Detention Pond/ 
Upper Flat Creek 

No water quality or channel 
protection; shallow 

N/A • Outlet control structure retrofit (significantly redesign) 
• Existing detention basin expansion (excavation) 

A15094 Dry Detention Pond/ 
Upper Flat Creek 

No water quality or channel 
protection  

N/A • Outlet control structure retrofit 
• Existing detention basin expansion (excavation) 

A15303 Dry Detention Pond/ 
Upper Flat Creek 

No water quality or channel 
protection 

N/A • Outlet control structure retrofit (significantly redesign) 
• Existing detention basin expansion (excavation) 

A15496 Dry Detention Pond/ 
Upper Flat Creek 

No water quality or channel 
protection 

N/A • Outlet control structure retrofit (reduce lower orifice and install 
proper outlet filtering) 

• Existing detention basin expansion (excavation) 
A21671 Dry Detention Pond/ 

Upper Flat Creek 
No water quality or channel 
protection; berm erosion; 
channelization; overgrown 

N/A • Outlet control structure retrofit (reduce lower orifice and install 
proper outlet filtering) 

• Debris removal 
A22032 Dry Detention Pond/ 

Upper Flat Creek  
No water quality or channel 
protection 

N/A • Existing detention basin expansion (excavation) 
• Debris removal 

CH014 Dry Detention Pond/ 
Upper Flat Creek 

No water quality or channel 
protection; no outlet control 
structure; very overgrown 

N/A • Outlet control structure retrofit (significantly redesign) 

CH015 Dry Detention Pond/ 
Upper Flat Creek 

No water quality or channel 
protection 

N/A • Outlet control structure retrofit 
• Existing detention basin expansion (excavation) 

CH016 Dry Detention Pond/ 
Upper Flat Creek 

No water quality or channel 
protection 

N/A • Outlet control structure retrofit 
• Existing detention basin expansion (excavation) 

CH022 Wet Detention Pond/ 
Upper Flat Creek 

No water quality or channel 
protection 

N/A • Outlet control structure retrofit 
• Existing detention basin expansion (excavation) 
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TABLE 5-9 
Potential Restoration Alternatives for the Flat Creek Watershed 
Flat Creek Watershed Detailed Project Report – Environmental Appendix 

Alter-
native ID Type/Location Problems Extent (ft) Applied Restoration Measures 

CH025 Wet Detention Pond/ 
Upper Flat Creek 

No water quality or channel 
protection 

N/A • Outlet control structure retrofit 
• Existing detention basin expansion (excavation) 

CH027 Dry Detention Pond/ 
Upper Flat Creek 

No water quality or channel 
protection; eroding berm 

N/A • Outlet control structure retrofit (significantly redesign) 
• Existing detention basin expansion (excavation) 

Debris removal 
CH033 Dry Detention Pond/ 

Lower Flat Creek 
No water quality or channel 
protection 

N/A • Outlet control structure retrofit 
• Existing detention basin expansion (excavation) 

CH036 Dry Detention Pond/ 
Upper Flat Creek 

No water quality or channel 
protection 

N/A • Outlet control structure retrofit 
• Existing detention basin expansion (excavation) 

CH048 Dry Detention Pond/ 
Upper Flat Creek 

No water quality or channel 
protection 

N/A • Outlet control structure retrofit (significantly redesign) 

CH053 Dry Detention Pond/ 
Upper Flat Creek 

No water quality or channel 
protection 

N/A • Outlet control structure retrofit (significantly redesign) 
• Existing detention basin expansion (excavation) 

CH057 Dry Detention Pond/ 
Lower Flat Creek 

No water quality or channel 
protection 

N/A • Outlet control structure retrofit (significantly redesign) 

CH058 Dry Detention Pond/ 
Lower Flat Creek 

No water quality or channel 
protection; catch basin erosion; 
overgrown 

N/A • Outlet control structure retrofit (significantly redesign) 
• Existing detention basin expansion (excavation) 

CH062 Dry Detention Pond/ 
Upper Flat Creek 

No water quality or channel 
protection; inlet erosion; overgrown 

N/A • Outlet control structure retrofit (significantly redesign) 
• Existing detention basin expansion (excavation) 

CH067 Dry Detention Pond/ 
Lower Flat Creek 

No water quality or channel 
protection; overgrown 

N/A • Outlet control structure retrofit (significantly redesign) 

CH076 Swale/ 
Upper Flat Creek  

No water quality or channel 
protection; overgrown 

N/A • Outlet control structure retrofit (significantly redesign) 
• Existing detention basin expansion (excavation) 

CH090 Wet Detention Pond/ 
Lower Flat Creek 

No channel protection N/A • Outlet control structure retrofit (reduce upper orifice size) 

CH106 Dry Detention Pond/ 
Upper Flat Creek 

No water quality or channel 
protection; channelization; 
sedimentation 

N/A • Outlet control structure retrofit (significantly redesign) 
• Existing detention basin expansion (excavation) 

D10246 Dry Detention Pond/ 
Lower Flat Creek 

No channel protection N/A • Outlet control structure retrofit (reduce lower orifice and install 
proper outlet filtering) 

D10468 Dry Detention Pond/ 
Lower Flat Creek 

No water quality or channel 
protection 

N/A • Outlet control structure retrofit (significantly redesign) 
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The problems in Flat Creek varied by severity (such as amount of sedimentation in a given 
area) and extent (distance along the stream). However, they were similar in type, where 
most stream reaches were channelized with degraded habitat because of sedimentation and 
a limited riparian ecosystem. As a result, the PDT formulated one alternative plan to 
address each individual problem site. Measures were selected and combined to address the 
specific problems observed. Other measures were eliminated if they did not specifically 
address the problem, were less effective than the selected measures, did not meet the 
planning objectives, or could not be implemented because of site constraints. During 
formulation, the PDT considered many combinations of measures to address problems, 
avoid constraints, and meet the planning objectives. However, only one set of measures was 
ultimately selected to address the problems at each site. 

For instream measures, the PDT evaluated each problem site to determine which method(s) of 
grade control would be most applicable, if any. For example, log sills are well-suited for 
smaller stream systems experiencing some degree of incising. Other methods of grade control 
(such as engineered riffles or cross vanes) would be more appropriate for stream profile 
stabilization and to address the more severe incising conditions observed at other problem 
sites. Bank stabilization measures were selected based on observed conditions, with measures 
including bank grading, matting, or planting used instead of riprap (or other bank hardening 
approaches) where possible. Riparian measures (if selected) were selected as appropriate to 
enhance disturbed riparian ecosystem conditions.  

Flow attenuation measures applied to alternatives generally included outlet control 
structure retrofits or expansion of existing detention structures. Because of the developed 
conditions of the Flat Creek watershed and limited available undeveloped land, the PDT 
focused mainly on opportunities to modify existing basins rather than on construction of 
new basins. Since most of the existing detention basins observed did not provide adequate 
channel protection or extended detention capabilities, measures such as adding sediment 
forebays, micropools, or pilot channels were not used because of their limited potential 
impact in terms of significantly increasing storage capacity or attenuating peak stormwater 
discharges. Outlet control structure retrofits were selected when channel protection volume 
could not be achieved with the current outlet control structure configuration. Basin 
expansion was selected as a measure when the pond could be expanded (deepened or 
expanded laterally) given current site use, conditions, and constraints. 
 
The alternative plans developed for the Flat Creek watershed included the No Action 
Alternative, the 73 single-site alternatives in Table 5-9, and any combination of the 73 single-
site alternatives. Alternative screening and reformulation are detailed in Section 5 of the 
Detailed Project Report (Evaluating Alternative Plans). 
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6. Screening and Reformulation of Alternative 
Plans 

Step 4 of the planning process is evaluating alternative plans. It involves quantifying the 
expected contribution of individual plans and using this information to screen out or 
reformulate alternative plans. The purpose of step 4 of the planning process is to “determine 
whether or not the plan qualifies to advance and be compared against other plans that have 
independently qualified” (Planning Manual, 1996). This section outlines the methods used to 
evaluate alternatives and determine a final array of alternative plans for final selection of a 
recommended plan. In Step 5 of the planning process, “the specific criteria that will be used to 
compare those plans that do qualify and advance to the comparison step” (Planning Manual, 
1996). 

6.1 Screening Alternative Plans 
Before conducting detailed evaluations of environmental benefits and costs for each alternative 
plan, the 73 single-site alternative plans (excluding the No Action Alternative) were screened to 
identify only those that would sustainably meet the planning study objectives by addressing 
the most severe areas of habitat loss in the watershed with the greatest potential for future 
habitat improvement. The alternative plans were also screened for those that would avoid the 
planning constraints, such as those constrained by the presence of infrastructure and other 
structures. Alternative plans with unavoidable constraints were dropped from further analysis. 
After the 73 single-site alternative plans were screened, 45 alternative plans were dropped 
either because they did not meet the planning objectives or they had unavoidable 
constraints. Thus, 28 single-site alternative plans were retained for further evaluation, 
including 12 stream restoration alternatives and 16 stormwater detention structure 
alternatives.  

6.1.1 Screening Criteria  
The 73 alternatives were screened based on four factors to ensure that they addressed 
aquatic habitat problems (bank erosion, erosivity, instream sediment production, and 
existing biological conditions) at a level that would meet planning objectives, as well as on 
the ability of the alternative to avoid planning constraints. The screening criteria include: 

Factor: 

• Existing bank erosion  

• Modeled change in erosivity 
 

• Modeled change in instream sediment 
production  

• Existing biological conditions  

 
• Constraints 

Measured by: 

• Bank erodibility (percent bare soil on banks)  

• Impervious cover, land use, and stormwater 
infrastructure data  

• Modeled total suspended solids (TSS) production  
 

• ERM-based score using fish, macroinvertebrates, 
and habitat at nearest downstream sampling station 

• Identification of nearby infrastructure and 
structures 
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For the first four factors, each of the 73 alternatives was given a score from 1 to 4, with 1 
being the least optimal restoration conditions and 4 being the most optimal restoration 
conditions with the greatest potential for improvement. The final (cumulative) score for 
each alternative was then calculated to screen out alternatives below a certain threshold. 
Alternative plans were also screened to ensure that they avoided the planning constraints 
before they were carried forward. 

While bank erosion and biological condition values were based on field data, future 
hydrological changes and TSS production values were determined using the previously 
watershed model (detailed in Appendix E [Engineering Appendix] to the Detailed Project 
Report). Each of these four categories was deemed to represent separate but important 
factors by the PDT to identify alternatives that would meet the planning objectives. The 
scoring factors used for alternative plan screening is described below. Note, alternatives 
were not screened out based on any single factor. These scores were used to develop the 
cumulative score, as detailed in Section 6.1.2, to screen out alternatives. 

Existing Bank Erosion 
Existing bank erosion was field-assessed in 2007, throughout the entire Flat Creek 
watershed. Erodibility is a measure of the percentage of a stream bank that has already 
eroded. It was quantified based on the amount of bare soil on banks that was observed in 
the field during the stream assessment. For stormwater detention structure alternatives, it 
was assumed that the erodibility at the nearest stream alternative would be a representative 
value. Bank erodibility is the percentage of bare soil over a representative reach, classified into 
one of four categories based on those provided in the Georgia SOP (GADNR, 2007).  

Erodibility scores were based on GADNR SOPs for physical habitat assessments (2007); 
however, GADNR qualitative categories were considered with relation to average Flat 
Creek erodibility factors to determine the scoring criteria. The PDT reviewed the 
alternatives on a case-by-case basis, and determined that if an alternative plan had an 
average erodibility value of optimal or suboptimal (that is, < 37.5 percent bare soil), then the 
alternative plan had limited potential to meet the planning objectives and restore habitat 
quality and quantity by reducing bank erosion, and deflecting flows. Scores assigned to 
represent potential habitat improvement based on bank erodibility: 

Better existing conditions 
↓ 

Worse existing conditions 

 < 37.5% =1 

37.5% to 50.0% =2 

50.0% to 60.0% =3 

> 60.0% =4 

Modeled Change in Erosivity  
While erodibility is a measure of the percentage of a stream bank that has already eroded, 
erosivity is a measure of the ability of a streambank to further erode. In the watershed 
model used for Flat Creek, stream discharge was represented by erosivity, which is an 
urban to rural discharge ratio. The PDT assumed that restoration measures may not be as 
predictable or successful in restoring habitat if future hydrological conditions were modeled 
to be worse than existing conditions. This would decrease the potential to meet the planning 
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objectives, particularly for establishing instream structures and stabilizing bank conditions. 
Alternatives were screened based on their modeled change in erosivity, representing the 
likelihood that future hydrological conditions would change. For stormwater detention 
structure alternatives, it was assumed that the erosivity at the nearest stream alternative 
would be a representative value. 

In the Flat Creek watershed, hydrologic channel impacts including a limited connection to 
the floodplain and more intense peak instream flow velocities have resulted in decreased 
habitat use for native, sensitive fish and benthic macroinvertebrate species. Erosivity was 
based on imperviousness of the drainage area and modified by stormwater detention 
structure efficiencies in the drainage area, both of which affect the velocity at which 
stormwater can enter a streams and erode streambanks. As runoff over impervious surfaces 
increases, the value of erosivity increases. Higher erosivity values were correlated with a 
higher degree of adverse impacts to aquatic ecosystems, as increased discharge rates 
displace native aquatic organisms that are sensitive to changes in the natural environment 
and can lead to the embeddedness of substrates used as spawning and refuge habitats.  

In general, erosivity values can range from almost zero (as in a location immediately 
downstream from a functioning stormwater control) to more than 3 (as in a highly urbanized 
watershed with no stormwater controls). To represent potential habitat improvement based 
on hydrologic erosivity, the predicted change from existing to future erosivity (based on 
existing and future land use data) were score based on percentiles of the overall dataset: 

Greater change in hydrologic 
conditions 
↓ 
More stable hydrologic conditions 

 > 0.289   
(unitless ratio) 

=1 

.163 to 0.289  =2 

0.148 to 0.162 =3 

< 0.148 =4 

 

Modeled Change in Instream Sediment Production  
Estimations of total suspended solids (TSS) yields to Flat Creek can indicate the degree of 
adverse impacts to aquatic ecosystems resulting from sediment deposition and habitat 
embeddedness. TSS can be introduced to a stream from the surrounding watershed or from 
the streambank itself. Levels from the surrounding watershed can increase because of natural 
sources (such as silt captured in runoff), and anthropogenic sources including construction 
sites and urban and agricultural land uses. Levels of TSS resulting from streambanks increase 
as banks continue to erode and allow stormwater runoff to carry bank sediment into the 
stream. In the Flat Creek watershed, a high degree of instream sedimentation and substrate 
embeddedness have reduced the availability and quality of instream habitat and created an 
unstable environment for aquatic organisms. An analysis of existing in-stream and upland 
TSS production (referred to cumulatively as TSS yield) was conducted using the watershed 
model.  

Results provided insight into potential habitat improvement by reducing sediment deposition 
in Flat Creek. For stormwater detention structure alternatives, it was assumed that the TSS 
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production at the nearest stream alternative would be a representative value. Scores assigned 
to represent potential habitat improvement based on the potential to reduce future sediment 
production were based on percentiles of the overall dataset: 

Smaller potential to reduce sediment 
↓ 
Greater potential to reduce sediment 

 < 99.008 lb/yr/ ft =1 

99.008 to 156.682  
lb/yr/ ft 

=2 

156.682 to 173.251 
lb/yr/ ft 

=3 

> 173.251  lb/yr/ ft  =4 

 

Existing Biological Conditions 
The biological health at the sampling station immediately downstream of each problem site 
reach was determined in order to approximate the stream problem sites with the most 
affected biological health. The score for each station was calculated in accordance with the 
ERM algorithm determined by the interagency team to be most representative of overall 
biological health. Therefore, the biological health for each station was approximated using the 
2007 fish IBI score, benthic macroinvertebrate score, and physical habitat score, each as a ratio 
of the total possible score. A weighted average of these ratios was then calculated, using 40 
percent for the IBI score, 40 percent for the BMI score, and 20 percent for the physical habitat 
score, based on the algorithm used in the ERM tool. The stations were then scored according 
to the biological condition of each: 

Better existing conditions 
↓ 

Worse existing conditions 

FLG-B (48 of 100 points) =1 

FLG-5 (42 of 100 points) =2 

FLG-4 (32 of 100 points) =3 

FLG-A (26 of 100 points) =4 

 

Planning Constraints 
The planning study constraints discussed in Section 2 of the Detailed Project Report 
(Identifying Problems and Opportunities) included (1) protection of infrastructure and 
structures, (2) no loss of downstream flood protection, and (3) GAEPD mitigation 
requirements for stream buffer impacts. Alternatives were screened based on the planning 
constraints and removed if a constraint made the alternative less feasible.  

6.1.2 Screening out Alternatives Plans 
In this section, 45 single-site alternatives are screened out from further consideration. Of 
these, 39 were removed due to having relatively low potential for providing aquatic habitat 
improvement (see shaded alternatives in Table 6-1), and 6 were screened out based on 
constraints (see bolded alternatives in Table 6-1).  
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Table 6-1 provides the individual and combined scores for the 73 alternative plans for the 
four criteria related to planning objectives. The 42 alternative plans with the lowest 
cumulative score (less than 11) were considered limited in potential of the alternative to 
improve habitat and meet the planning objectives for the watershed. However, based on 
meetings with the PDT and nonfederal sponsor, three of these alternatives were selected to 
be carried forward based on acceptability: A10687, CH033, and CH025. Therefore, 39 
alternatives were screened out during this process.  

The remaining 34 alternatives were screened to ensure that they not only would meet the 
planning objectives, but also would avoid planning constraints. Based on this analysis, an 
additional 6 alternatives were removed from further consideration.  

Existing Bank Erosion 
In Flat Creek, erodibility values ranged from 19.9 to 87.5 percent eroded. Of the 73 
alternatives, 15 had an erodibility less than or equal to 37.5 percent (considered optimal or 
suboptimal, based on GADNR SOPs for physical habitat [2007]). These alternatives were 
given an erodibility score of 1 to indicate their ineffectiveness at meeting planning objectives 
from the perspective of bank erosion. Thirty-seven additional alternatives had an erodibility 
of 50.0 percent or less. These alternatives were given a bank erodibility score of 2, because 
they had a moderate potential for improved habitat due to bank erosion status, but the PDT 
considered that these alternatives may still have a limited ability to meet the planning 
objectives. Nine additional alternatives had a streambank erodibility value less than 60 
percent. These alternatives were assigned a score of 3 because of their favorable potential to 
improve with implementation of restoration measures. The remaining 12 alternatives, with 
bank erodibility greater than or equal to 60.0 percent, had the most bare, eroded banks with 
the greatest potential for future habitat improvement. As a result, they were assigned the 
highest score of 4.  

Modeled Change in Erosivity 
In Flat Creek, erosivity values ranged from roughly 1.2 in the lower part of the watershed to 
3.8 in the highly urbanized headwaters. The score ranges shown below were based on an 
evaluation of the dataset and relative erosivity across the problem sites identified. Erosivity 
scores less than 0.148 were considered to be the most favorable for meeting the planning 
objectives and avoiding areas with changing, unpredictable hydrologic conditions. Eighteen 
alternatives received a score of 4 (relatively favorable conditions) for this factor. An additional 
17 alternatives had modeled future erosivity of 0.148 to 0.162 were assigned a score of 3 to 
reflect their favorable conditions for improving future habitat. Nineteen alternatives had a 
modeled future change in erosivity of less than 0.162 to 0.289. This future change could 
influence habitat conditions and channel stability. As a result, these alternatives were assigned 
a score of 2. The remaining 19 alternatives had the largest future increase in erosivity of 
greater than 0.289. This change could substantially influence the hydrologic conditions at a 
stream restoration site, leading to a decreased likelihood of successfully improving habitat. 

Modeled Change in Instream Sediment Production 
Of the 73 alternatives, 18 had TSS production (lb/yr per linear ft) less than 99.008, which the 
PDT considered to be a relatively sustainable level of TSS production; therefore the future 
habitat improvement was limited and these alternatives were assigned the lowest score of 1. 
Fifteen alternatives had future TSS production less than 156.682, which was assigned a score of 
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2 and considered to be a low to moderate level that may lead to limited potential for habitat 
improvement and meeting the planning objectives. Twenty alternatives had future TSS 
production less than 173.251, which was considered to be favorable locations to improve 
habitat and meet planning objectives. The remaining 20 alternatives had future TSS production 
of 311.361 or less. They considered to be the most likely to reduce sedimentation and to 
improve habitat conditions in Flat Creek, and so they were assigned the highest score of 4. 

Existing Biological Conditions 
Existing biological conditions were based on 2007 biological monitoring and the ERM 
algorithm for calculating habitat units. As detailed above, the biological health at the sampling 
station immediately downstream of each problem site reach was determined in order to 
approximate the stream problem sites with the most affected biological health. For this factor, 
13 alternatives received a score of 4 (most degraded existing conditions and most optimal 
restoration conditions), 15 alternatives received a score of 3, 26 alternatives received a score of 
2, and 19 alternatives received a score of 1 (Table 6-1). 

Planning Constraints 
The alternatives removed due to planning constraints are shown in bold in Table 6-1. As 
previously mentioned, the 42 alternative plans with the lowest cumulative score (less than 
11) were considered limited in potential of the alternative to improve habitat and meet the 
planning objectives for the watershed. However, based on meetings with the PDT and 
nonfederal sponsor, three of these alternatives were selected to be carried forward based on 
acceptability: A10687, CH033, and CH025. Therefore, 39 alternatives were screened out 
during the process outlined above.  

The remaining 34 alternatives were screened to ensure that they not only would meet the 
planning objectives, but also would avoid planning constraints. Most of the alternatives 
remaining would avoid the planning constraints. Alternatives CH014, A22032, 9, 11, 12, and 
27 would not, so they were dropped from further evaluation. These six alternatives were 
determined to have a construction footprint that would affect commercial buildings, 
parking lots, homes, sewer lines, or roadways. If designed to avoid impacts to the nearby 
constraints, they would be ineffective at meeting the planning objectives and thus 
unacceptable. For example, Alternative 12 could be accessed only from a small utility road 
and only with extensive tree removal. This would reduce the effectiveness of the project and 
also the functioning of the riparian ecosystem. Alternatives 9 and 11 are adjacent to 
residential areas that would constrain the design footprint. Alternatives CH014 and A22032 
are adjacent to commercial buildings and parking lots with limited potential to avoid 
structures and still meet planning objectives.
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TABLE 6-1 
Preliminary Screening of 73 Alternatives 
Flat Creek Watershed Detailed Project Report – Environmental Appendix 

Alternative 

Average 
Erodibility 

(percentage) 
Erodibility 

Score 

Future Change 
in Erosivity  

(unitless ratio) 

Erosivity 
Change 
Score 

Future Stream 
TSS Production  

(lb/yr per linear ft) 
TSS 

Score 

Biological 
Monitoring Index 

(out of 100) 
Biological 

Score 
Combined 

Score 

28 0.499 2 0.027 4 228.489 4 26 4 14 

42 0.527 3 0.019 4 173.251 3 26 4 14 

CH022 0.527 3 0.019 4 173.251 3 26 4 14 

A15015 0.527 3 0.019 4 173.251 3 26 4 14 

A14911 0.527 3 0.019 4 173.251 3 26 4 14 

A15094 0.527 3 0.019 4 173.251 3 26 4 14 

1 0.750 4 0.049 4 311.361 4 48 1 13 

2 0.430 2 0.112 4 172.498 3 26 4 13 

23 0.875 4 0.103 4 291.745 4 48 1 13 

25 0.875 4 0.121 4 274.622 4 48 1 13 

A10687 0.448 2 0.149 3 149.762 3 48 1 9 

CH033 0.448 2 0.149 3 149.762 3 48 1 9 

29 0.414 2 0.042 4 142.234 3 26 4 13 

9 0.587 3 0.158 3 188.976 4 42 2 12 

26 0.375 1 0.000 4 170.375 3 26 4 12 

27 0.383 2 0.088 4 139.750 2 26 4 12 

39 0.460 2 0.097 4 99.009 2 26 4 12 

11 0.624 4 0.409 1 190.869 4 42 2 11 

12 0.551 3 0.272 2 327.733 4 42 2 11 

18 0.610 3 0.162 2 285.599 4 42 2 11 
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TABLE 6-1 
Preliminary Screening of 73 Alternatives 
Flat Creek Watershed Detailed Project Report – Environmental Appendix 

Alternative 

Average 
Erodibility 

(percentage) 
Erodibility 

Score 

Future Change 
in Erosivity  

(unitless ratio) 

Erosivity 
Change 
Score 

Future Stream 
TSS Production  

(lb/yr per linear ft) 
TSS 

Score 

Biological 
Monitoring Index 

(out of 100) 
Biological 

Score 
Combined 

Score 

32 0.422 2 0.162 2 238.159 4 32 3 11 

CH053 0.422 2 0.162 2 238.159 4 32 3 11 

CH048 0.422 2 0.162 2 238.159 4 32 3 11 

CH062 0.422 2 0.162 2 238.159 4 32 3 11 

CH036 0.422 2 0.162 2 238.159 4 32 3 11 

33 0.452 2 0.149 3 169.616 3 32 3 11 

A22032 0.452 2 0.149 3 169.616 3 32 3 11 

CH014 0.452 2 0.149 3 169.616 3 32 3 11 

CH016 0.452 2 0.149 3 169.616 3 32 3 11 

CH015 0.452 2 0.149 3 169.616 3 32 3 11 

CH106 0.452 2 0.149 3 169.616 3 32 3 11 

A14199 0.452 2 0.149 3 169.616 3 32 3 11 

CH027 0.452 2 0.149 3 169.616 3 32 3 11 

CH025 0.338 1 0.172 4 201.152 1 32 3 9 

13 0.631 4 0.735 1 156.683 3 42 2 10 

D10246 0.631 4 0.735 1 156.683 3 42 2 10 

CH058 0.631 4 0.735 1 156.683 3 42 2 10 

CH057 0.631 4 0.735 1 156.683 3 42 2 10 

24 0.560 3 0.139 3 155.488 3 48 1 10 

30 0.298 1 0.071 4 69.137 1 26 4 10 
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TABLE 6-1 
Preliminary Screening of 73 Alternatives 
Flat Creek Watershed Detailed Project Report – Environmental Appendix 

Alternative 

Average 
Erodibility 

(percentage) 
Erodibility 

Score 

Future Change 
in Erosivity  

(unitless ratio) 

Erosivity 
Change 
Score 

Future Stream 
TSS Production  

(lb/yr per linear ft) 
TSS 

Score 

Biological 
Monitoring Index 

(out of 100) 
Biological 

Score 
Combined 

Score 

31 0.199 1 0.087 4 80.898 1 26 4 10 

3 0.551 3 0.128 3 132.006 2 48 1 9 

17 0.338 1 0.172 2 201.152 4 42 2 9 

CH076 0.338 1 0.172 4 201.152 1 32 3 9 

34 0.448 2 0.149 3 149.762 3 48 1 9 

A10493 0.448 2 0.149 3 149.762 3 48 1 9 

40 0.625 4 0.421 1 81.907 2 42 2 9 

7 0.414 2 0.222 2 110.086 2 42 2 8 

8 0.407 2 0.283 2 108.473 2 42 2 8 

D10468 0.407 2 0.283 2 108.473 2 42 2 8 

15 0.395 2 0.193 2 97.740 2 42 2 8 

16 0.452 2 0.185 2 134.468 2 42 2 8 

19 0.375 1 0.367 1 244.595 4 42 2 8 

35 0.376 1 0.165 3 196.865 3 48 1 8 

CH090 0.376 1 0.165 3 196.865 3 48 1 8 

14 0.472 2 0.436 1 119.619 2 42 2 7 

CH067 0.472 2 0.436 1 119.619 2 42 2 7 

20 0.427 2 0.394 1 115.816 2 42 2 7 

37 0.207 1 0.261 2 85.868 2 42 2 7 

6 0.488 2 0.361 1 108.874 2 48 1 6 
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TABLE 6-1 
Preliminary Screening of 73 Alternatives 
Flat Creek Watershed Detailed Project Report – Environmental Appendix 

Alternative 

Average 
Erodibility 

(percentage) 
Erodibility 

Score 

Future Change 
in Erosivity  

(unitless ratio) 

Erosivity 
Change 
Score 

Future Stream 
TSS Production  

(lb/yr per linear ft) 
TSS 

Score 

Biological 
Monitoring Index 

(out of 100) 
Biological 

Score 
Combined 

Score 

10 0.315 1 0.171 2 38.645 1 42 2 6 

21 0.384 2 0.296 1 69.062 1 42 2 6 

38 0.396 1 0.290 2 66.674 1 42 2 6 

A15303 0.396 1 0.290 2 66.674 1 42 2 6 

A15496 0.396 1 0.290 2 66.674 1 42 2 6 

4 0.395 2 0.990 1 49.341 1 48 1 5 

22 0.372 1 0.366 1 25.919 1 42 2 5 

36 0.260 1 0.232 2 78.096 1 48 1 5 

A21671 0.260 1 0.232 2 78.096 1 48 1 5 

41 0.430 2 1.070 1 30.849 1 48 1 5 

5 0.316 1 0.289 1 72.492 1 48 1 4 

A10383 0.316 1 0.289 1 72.492 1 48 1 4 

A10458 0.316 1 0.289 1 72.492 1 48 1 4 
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6.2 Reformulation of Alternative Plans 
The 12 stream problem sites and 16 stormwater detention structure problem sites carried 
forward for further analysis are shown in Figure 6-1. As part of an additional evaluation 
after the screening, the PDT recognized that the single-site alternatives should be limited to 
the 12 single-site stream restorations, and that the stormwater detention structure single-site 
alternatives would not provide self-sustaining aquatic habitat improvement. The PDT 
determined that other alternatives should include combinations of the 28 single-site 
alternatives to provide benefits by improving a greater extent of habitat in the watershed. 
Combination alternatives were assumed to have cumulative benefits when compared to 
single-site alternatives with the same locations. Following screening, the PDT recognized 
that some alternative plans to retrofit stormwater detention structures were still important 
to evaluate in specific combinations, even though they did not meet planning objectives 
(specifically, reduced flows throughout Flat Creek) when evaluated individually. Because of 
the relatively small drainage area of some stormwater detention structures, they did not 
individually reduce flows in Flat Creek, and thus did not meet planning objectives. 
However, model results suggested that some stormwater detention structures could be 
important components of a plan under two scenarios: in combination with immediately 
downstream stream restoration alternatives, or in combination with other stormwater 
detention structures in the same part of the watershed.  

As a result of the reformulation, the PDT developed 12 combination alternative plans. 
Twenty-four restoration alternatives were developed for the Flat Creek watershed from the 
12 stream problem sites and 16 stormwater detention structure problem sites (Table 6-2). 
The 12 single-site alternatives (stream restorations) and the 12 combination alternatives (24 
alternatives total, plus the No Action Alternative) were carried forward. All other 
alternative plans were dropped. The measures listed below under each formulated 
alternative were selected to address the specific problems observed at the site during field 
assessments. During formulation, the PDT considered many combinations of measures to 
address problems, avoid constraints, and meet the planning objectives. The problems in Flat 
Creek varied by severity (such as amount of sedimentation in a given area) and extent 
(distance along the stream). However, they were similar in type, where most stream reaches 
were channelized with degraded habitat because of sedimentation and a limited riparian 
ecosystem. As a result, the PDT formulated one alternative plan to address each individual 
problem site. Measures were selected and combined to address the specific problems 
observed. Other measures were eliminated if they did not specifically address the problem, 
were less effective than the selected measures, did not meet the planning objectives, or 
could not be implemented because of site constraints. For instream measures, log sills were 
not used for grade control in any alternative plans, because other instream measures were 
deemed more appropriate for channel conditions and to redirect flow to the center of the 
stream. Although log sills are well-suited for smaller stream systems experiencing some 
degree of incising, the PDT determined that a more robust method of grade control (such as 
engineered riffles or cross vanes) would be more appropriate for stream profile stabilization 
and to address the more severe incising conditions observed at problem sites. Bank 
stabilization measures were selected based on observed conditions, with measures including 
bank grading, matting, or planting used instead of riprap (or other bank hardening  
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approaches) where possible. Riparian measures (if selected) were selected as appropriate to 
enhance disturbed riparian ecosystem conditions. 

Each alternative is described below, along with a discussion of how the PDT applied 
measures to address problems. 

No Action Alternative 
The No Action Alternative represents the option of not implementing any restoration 
measures in the watershed. It provided a baseline for comparison of the potential impacts of 
the proposed action. If no action was to be taken, it was expected that the Flat Creek 
watershed would continue to degrade as additional development occurred, and it was likely 
that water quality, fish communities, and benthic macroinvertebrate communities would 
continue to decline. 

Alternative A (Stream Problem Site 1) 
Alternative A is in a residential subdivision in the upper reaches of a tributary to Flat Creek, 
between sampling stations FLG-4 and FLG-5 (near Atlanta Highway and Cronic Street). The 
site is characterized by a widening and incising stream channel, displaying a lack of adequate 
velocity/depth regimes and riffle substrate. The stream reach includes about 300 feet of 
moderate bank erosion (50 to 75 percent bare soil) and 150 feet of severely eroded (> 75 
percent bare soil) banks. Banks range in height from 4 to 12 feet. To address channel widening 
and incising, the instream measures listed below were selected for grade control and to deflect 
flow from eroding banks. The bank stabilization measures listed below were selected to 
restore the eroded banks and to protect the streambanks from continued degradation. 

Based on watershed model results for erosivity and sediment production, which accounts 
for changing flow conditions, flow attenuation measures are not necessary to sustainably 
address problems in this location, reduce sedimentation, and restore aquatic ecosystems. No 
riparian measures were selected for Alternative A because the riparian ecosystem is intact, 
with mature woody vegetation along both sides of the stream. If Alternative A were selected 
for implementation, a construction easement would be required to access the stream 
channel along whichever bank better facilitates site entry while minimizing removal of trees 
and other vegetation. Following construction, the easement would be maintained for future 
site access. 

  Instream Measures:  

Engineered riffles 
J-hooks 
Cross vanes 
Boulders 

 Bank Stabilization Measures: 

Create bankfull bench 
Bank grading 
Bank stabilization matting 
Streambank planting 

  Riparian Measures:    
None selected 

Flow Attenuation Measures: 

None selected 

Alternative B (Stream Problem Site 2) 
Alternative B is located within a business district near Banks Street and in the headwaters of 
Flat Creek. The site includes a 900-foot stream reach characterized by a widening and incising 
channel section. Riparian ecosystems include lawns, open fields, impervious structures, and 
areas dominated by kudzu. A collapsing section of box culvert was observed within the 
problem site. The downstream part of the site includes a 400-foot reach consisting of severe 
erosion on both banks (10-foot bank height) and a sewer pipe impeding flow. The middle 
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section of the project site includes a 350-foot piped section, whereas the upstream 150-foot 
reach consists of lower (4-foot) banks having moderate erosion.  

To address channel widening and incising, the instream measures listed below were 
selected for grade control and to deflect flow from eroding banks. The bank stabilization 
and riparian ecosystem enhancement measures listed below were selected to restore the 
eroded banks and to protect the streambanks and riparian ecosystem from continued 
degradation. Maintenance of the collapsing box culvert is included as a selected restoration 
measure. Based on watershed model results for erosivity and sediment production, which 
accounts for changing flow conditions, flow attenuation measures would not be necessary 
to sustainably address problems in this location, reduce sedimentation, and restore aquatic 
ecosystems. If this alternative were selected for implementation, a construction easement 
would be required to access the stream channel along whichever bank better facilitates site 
entry while minimizing removal of trees and other vegetation. Following construction, the 
easement would be maintained for future site access. 

  Instream Measures:  

Engineered riffles 
J-hooks 
Cross vanes 
Boulders 
Culvert 
replacement 

 Bank Stabilization Measures: 

Create bankfull bench 
Bank grading 
Bank stabilization matting 
Streambank planting 
 

  Riparian Measures:    
Planting of native 
hardwoods 
Seeding and 
mulching 

Flow Attenuation Measures: 

None selected 

Alternative C (Stream Problem Site 18) 
Alternative C is located in a residential subdivision on a tributary to the mainstem of Flat 
Creek, upstream of sampling station FLG-5, in the Lower Flat Creek subwatershed. The total 
stream length is roughly 150 feet, including a 50-foot segment exhibiting severe erosion 
(> 75 percent bare soil) and a 12-foot headcut that is actively eroding. In the stream segment 
immediately upstream of Alternative C, drain pipes from surrounding residential areas are 
present, trash has been dumped in the stream, and severe erosion is present. To address 
headcutting, the instream measures listed below were selected for grade control and to 
deflect flow from eroded banks. The bank stabilization measures listed below also were 
selected to restore the eroded banks and to protect the streambanks from continued 
degradation.  

Based on watershed model results for erosivity and sediment production, which account for 
changing flow conditions, flow attenuation measures would not be necessary to sustainably 
address problems in this location, reduce sedimentation, and restore aquatic ecosystems. No 
riparian measures were selected for this alternative, because the riparian ecosystem is intact 
with mature woody vegetation along both sides of the stream. If this alternative were 
selected for implementation, a construction easement would be required to access the 
stream channel along whichever bank better facilitates site entry while minimizing removal 
of trees and other vegetation. Following construction, the easement would be maintained 
for future site access. 

  Instream Measures:  

Engineered riffles 
J-hooks 

 Bank Stabilization Measures: 

Create bankfull bench 
Bank grading 

  Riparian Measures:    
None selected 

Flow Attenuation Measures: 

None selected 
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Cross vanes 
Boulders 

Bank stabilization matting 
Streambank planting 
 

Alternative D (Stream Problem Site 23) 
Alternative D is located in a residential subdivision (near Wood Avenue and west of Atlanta 
Highway) on a tributary to the mainstem of Flat Creek, in the Lower Flat Creek 
subwatershed. The site is characterized by an actively widening channel with severe erosion 
(75 to 100 percent bare soil) for roughly 200 feet. The left bank riparian corridor was cleared 
for a parallel utility, and the riparian areas are dominated by invasive species, including 
Chinese privet. The site has limited velocity/depth regimes and a lack of adequate riffles.  

To address channel widening and incising, the instream measures listed below were 
selected for grade control and to deflect flow from eroded banks. In addition, the bank 
stabilization and riparian ecosystem enhancement measures (including invasive species 
management) listed below were selected to restore the eroded banks and to protect the 
existing streambanks and riparian ecosystem from continued degradation. Based on 
watershed model results for erosivity and sediment production, which accounts for 
changing flow conditions, flow attenuation measures are not necessary to sustainably 
address problems in this location, reduce sedimentation, and restore aquatic ecosystems. If 
this alternative were selected for implementation, a construction easement would be 
required to access the stream channel along whichever bank better facilitates site entry 
while minimizing removal of trees and other vegetation. Following construction, the 
easement would be maintained for future site access. 

  Instream Measures:  

Engineered riffles 
J-hooks 
Cross vanes 
Boulders 

 Bank Stabilization Measures: 

Create bankfull bench 
Bank grading 
Bank stabilization matting 
Streambank planting 

  Riparian Measures:    
Planting of native 
hardwoods 
Seeding and 
mulching 

Flow Attenuation Measures: 

None selected 

Alternative E (Stream Problem Site 25) 
Alternative E is located in a residential subdivision (near Hilton Drive) on a tributary to the 
mainstem of Flat Creek, in the Upper Flat Creek subwatershed. The tributary's confluence 
with the mainstem is just downstream of sampling station FLG-4. The problem site extends 
roughly 250 feet in length, and consisted of banks 5 feet tall and severely eroded (75 to 100 
percent bare soil). There was also a steep drop in streambed elevation (known as a knick 
point) that was causing the stream to incise and erode. The knick point will move upstream 
if left unchecked.  

To address the eroded banks and to protect the streambanks from continued degradation 
(particularly upstream of the knick point), the instream and bank stabilization measures listed 
below were selected for grade control, bank stabilization, and flow deflection. Based on 
watershed model results for erosivity and sediment production, which accounts for changing 
flow conditions, flow attenuation measures are not necessary to sustainably address problems 
in this location, reduce sedimentation, and restore aquatic ecosystems. No riparian measures 
were selected for this alternative because the riparian ecosystem is intact with mature woody 
vegetation along both sides of the stream. If this alternative were selected for implementation, 
a construction easement would be required to access the stream channel along whichever 
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bank better facilitates site entry while minimizing removal of trees and other vegetation. 
Following construction, the easement would be maintained for future site access. 

  Instream Measures:  

Engineered riffles 
J-hooks 
Cross vanes 
Debris jam removal 
Boulders 

 Bank Stabilization Measures: 

Create bankfull bench 
Bank grading 
Bank stabilization matting 
Streambank planting 
 

  Riparian Measures:    
None selected 

Flow Attenuation Measures: 

None selected 

Alternative F (Stream Problem Site 26) 
Alternative F is located in an industrial/commercial area in the Upper Flat Creek 
subwatershed (near E. E. Butler Parkway and Chestnut Street). The site is characterized by a 
widening and incising stream channel, displaying a lack of adequate velocity/depth 
regimes and riffle substrate. The total stream reach is roughly 900 feet, with 250 feet having 
moderate bank erosion (50 to 75 percent bare soil). The riparian ecosystems consisted of 
some buildings/structures on both sides of the stream, primarily near the southern extent of 
the problem site. These structures pose a minor constraint in implementing riparian 
ecosystem enhancement for a small part of the reach. Invasive species, including Chinese 
privet, dominate the riparian corridor.  

To address channel widening and incising, the instream measures listed below were 
selected for grade control and to deflect flow from eroded banks. The bank stabilization and 
riparian measures (including invasive species management) listed below were selected to 
restore the eroded banks, protect the streambanks and riparian ecosystems from continued 
degradation. Based on watershed model results for erosivity and sediment production, 
which account for changing flow conditions, flow attenuation measures are not necessary to 
sustainably address problems in this location, reduce sedimentation, and restore aquatic 
ecosystems. If this alternative were selected for implementation, a construction easement 
would be required to access the stream channel along whichever bank better facilitates site 
entry while minimizing removal of trees and other vegetation. Following construction, the 
easement would be maintained for future site access. 

  Instream Measures:  

Engineered riffles 
J-hooks 
Cross vanes 
Boulders 

 Bank Stabilization Measures: 

Bank stabilization matting 
Streambank planting 
 

  Riparian Measures:    
Planting of native 
hardwoods 
Seeding and 
mulching 

Flow Attenuation Measures: 

None selected 

Alternative G (Stream Problem Site 28) 
Alternative G is located in a residential/commercial area in the Upper Flat Creek 
subwatershed, between Grove Street and Maple Street. Within this 200-foot reach, most of 
the right bank riparian corridor consists of buildings and paved parking areas, with one 
business significantly losing property because of severe streambank erosion. The right bank 
is roughly 8 feet high and severely eroded (75 to 100 percent bare soil) for a distance of 
about 100 feet, whereas the left bank is roughly 5 feet high and moderately eroded (50-75 
percent bare soil) for a distance of about 150 feet. The left bank riparian corridor had been 
cleared for the maintenance of a parallel utility.  
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To address channel widening and bank erosion, the instream and bank stabilization measures 
listed below were selected to deflect flow from eroded banks, restore the eroded banks, and 
protect the streambanks from continued degradation. Based on watershed model results for 
erosivity and sediment production, which accounts for changing flow conditions, flow 
attenuation measures would not be necessary to sustainably address problems in this location, 
reduce sedimentation, and restore aquatic ecosystems. No riparian measures were selected for 
this alternative because of constraints associated with floodplain buildup (including paved 
surfaces, buildings, and an existing utility easement). If this alternative were selected for 
implementation, a construction easement would be required to access the stream channel 
along whichever bank better facilitates site entry while minimizing removal of trees and other 
vegetation. Following construction, the easement would be maintained for future site access. 

  Instream Measures:  

J-hooks 
 Bank Stabilization Measures: 

Create bankfull bench 
Bank grading 
Bank stabilization matting 
Streambank planting 

  Riparian Measures:    
None selected 

Flow Attenuation Measures: 

None selected 

Alternative H (Stream Problem Site 29) 
Alternative H is located in the Upper Flat Creek subwatershed on city-owned property near 
Pine Street and High Street. The total stream reach is roughly 600 feet, with about 200 feet 
having moderate bank erosion (50 to 75 percent bare soil). The remaining 400 feet of the reach 
had been piped. The segment of stream not channelized by piping has eroded banks resulting 
in an overwidened, unstable stream channel. The riparian ecosystems consisted mainly of 
open space, but invasive species, including Chinese privet and kudzu, occur along both banks 
of the open channel section.  

To address channel widening, the instream measures and bank stabilization measures listed 
below were selected to deflect flow from eroded banks, restore the eroded banks, and 
protect the existing streambanks from continued degradation. Restoring 250 feet of the 
channelized/piped segment of stream was selected to reestablish a natural stream section 
and restore ecosystem habitat. Finally, riparian measures (including invasive species 
management) listed below were selected to restore and enhance the riparian ecosystem. 
Based on watershed model results for erosivity and sediment production, which accounts 
for changing flow conditions, flow attenuation measures are not necessary to sustainably 
address problems in this location, reduce sedimentation, and restore aquatic ecosystems. If 
this alternative were selected for implementation, a construction easement would be 
required to access the stream channel along whichever bank better facilitates site entry 
while minimizing removal of trees and other vegetation. Following construction, the 
easement would be maintained for future site access. 

  Instream Measures:  

J-hooks 
Debris jam removal  

 Bank Stabilization Measures: 

Bank stabilization matting 
Streambank planting 
 

  Riparian Measures:    
Planting of native 
hardwoods 
Seeding and 
mulching 

Flow Attenuation Measures: 

None selected 



6. SCREENING AND REFORMULATION OF ALTERNATIVE PLANS 

ENV-6-19 

Alternative I (Stream Problem Site 32) 
Alternative I is located along the mainstem of Flat Creek in a residential/commercial area 
just downstream of sampling station FLG-A (between Atlanta Highway and Dorsey Street). 
The site includes a channelized and actively widened 1,800-foot stream. Banks are roughly 
9 feet high and moderately eroded (50 to 75 percent bare soil) over at least 700 feet of the 
reach. The right bank riparian corridor has lawns throughout most of the reach, and the left 
bank riparian corridor was cleared for a parallel utility.  

To address channel widening and bank erosion, the instream and bank stabilization measures 
listed below were selected to deflect flow from eroded banks, restore the eroded banks, and 
protect the streambanks from continued degradation. The riparian measures listed below 
were selected to enhance vegetative protection along segments of the ecosystem affected by 
clearing and development. Based on watershed model results for erosivity and sediment 
production, which account for changing flow conditions, flow attenuation measures would 
not be necessary to sustainably address problems, reduce sedimentation, and restore aquatic 
ecosystems. If this alternative were selected for implementation, a construction easement 
would be required to access the stream channel along whichever bank better facilitates site 
entry while minimizing removal of trees and other vegetation. Following construction, the 
easement would be maintained for future site access. 

  Instream Measures:  

Engineered riffles 
Boulders 
Stone toe protection 

 Bank Stabilization Measures: 

Rootwads 
Bank grading 
Bank stabilization matting 
Streambank planting 
 

  Riparian Measures:    
Planting of native 
hardwoods 
Seeding and 
mulching 

Flow Attenuation Measures: 

None selected 

Alternative J (Stream Problem Site 33) 
Alternative J is located along the mainstem of Flat Creek in a commercial/industrial area 
just upstream of sampling station FLG-4 and downstream of Highland Terrace. The site 
includes a channelized and actively widened 700-foot stream reach. Banks are roughly 8 feet 
high, steep, and moderately to severely eroded throughout the site. The riparian corridor on 
the right bank includes lawns throughout most of the reach. The riparian corridor on the left 
bank was cleared for a parallel utility.  

To address channel widening and bank erosion, the instream and bank stabilization measures 
listed below were selected to deflect flow from eroded banks, restore the eroded banks, and 
protect the existing streambanks from continued degradation. The riparian measures listed 
below were selected to enhance vegetative protection along segments of the ecosystem that 
had been affected by clearing and development. Based on watershed model results for 
erosivity and sediment production, which accounts for changing flow conditions, flow 
attenuation measures would not be necessary to sustainably address problems, reduce 
sedimentation, and restore aquatic ecosystems. If this alternative were selected for 
implementation, a construction easement would be required to access the stream channel 
along whichever bank better facilitates site entry while minimizing removal of trees and other 
vegetation. Following construction, the easement would be maintained for future site access. 

  Instream Measures:   Bank Stabilization Measures:   Riparian Measures:    Flow Attenuation Measures: 
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Engineered riffles 
Stone toe protection 

Bank grading 
Bank stabilization matting 
Streambank planting 

Planting of native 
hardwoods 
Seeding and 
mulching 

None selected 

Alternative K (Stream Problem Site 39) 
Alternative K is located along the mainstem of Flat Creek in a commercial/industrial area just 
upstream of sampling station FLG-A, near Pearl Nix Parkway and Dorsey Street. The total site 
reach extends roughly 750 feet and includes a 200-foot segment of severe erosion on the right 
bank. The riparian ecosystems had been significantly affected, with buildings and paved 
parking surfaces situated on both sides of the channel. The channel is partially lined with 
concrete for roughly 200 feet, which would be removed and replaced with a natural stream 
section if this alternative were selected. The physical habitat at the site scored very low, 
primarily because of significant channel alteration, poor bank stability and vegetation, 
disrupted riparian ecosystems, and an inadequate amount of substrate and cover.  

To address bank erosion, the instream and bank stabilization measures listed below were 
selected to deflect flow from eroded banks, restore the eroded banks, and protect the 
streambanks from continued degradation. The riparian measures listed below were selected 
to enhance vegetative protection along segments of the ecosystem that had been affected by 
clearing and development. Based on watershed model results for erosivity and sediment 
production, which accounts for changing flow conditions, flow attenuation measures would 
not be necessary to sustainably address problems, reduce sedimentation, and restore aquatic 
ecosystems. If this alternative were selected for implementation, a construction easement 
would be required to access the stream channel along whichever bank better facilitates site 
entry while minimizing removal of trees and other vegetation. Following construction, the 
easement would be maintained for future site access. 

  Instream Measures:  

J-hooks 
 

 Bank Stabilization Measures: 

Adjust stream meander 
Bank grading 
Create bankfull bench 
Bank stabilization matting 
Streambank planting 

  Riparian Measures:    
Planting of native 
hardwoods 
Seeding and 
mulching 

Flow Attenuation Measures: 

None selected 

Alternative L (Stream Problem Site 42) 
Alternative L is located near Lee Gilmer Airport, in the headwaters of Flat Creek. The site is 
characterized by a widening and incising stream channel, displaying a lack of adequate 
velocity/depth regimes and riffle substrate. The overall reach extends 800 feet and includes a 
200-foot segment of severe erosion on both banks. The riparian ecosystems are severely 
affected, with buildings and paved parking surfaces on the right bank and residential lawns 
on the left. The physical habitat at the site scored low, primarily because of poor bank stability 
and vegetation, disrupted riparian ecosystems, a low frequency of riffles, and an inadequate 
amount of substrate suitable for aquatic organisms.  

To address channel widening and incising, the instream measures listed below were 
selected for grade control and to deflect flow from eroded banks. In addition, the bank 
stabilization and riparian ecosystem enhancement measures listed below were selected to 
restore the eroded banks and to protect the streambanks and riparian ecosystem from 
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continued degradation. Based on watershed model results for erosivity and sediment 
production, which accounts for changing flow conditions, flow attenuation measures would 
not be necessary to sustainably address problems, reduce sedimentation, and restore aquatic 
ecosystems. If this alternative were selected for implementation, a construction easement 
would be required to access the stream channel along whichever bank better facilitates site 
entry while minimizing removal of trees and other vegetation. Following construction, the 
easement would be maintained for future site access. 

  Instream Measures:  

J-hooks 
 Bank Stabilization Measures: 

Adjust stream meander 
Create bankfull bench 
Bank grading 
Bank stabilization matting 
Streambank planting 

  Riparian Measures:    
Planting of native 
hardwoods 
Seeding and 
mulching 

Flow Attenuation Measures: 

None selected 

Alternative M (Stream Problem Sites 1 and 23) 
Alternative M addresses the degraded ecosystem conditions observed at problem sites 1 and 
23. Existing conditions at those sites are discussed under Alternatives A and D. A combined 
list of selected measures is listed below. Recognizing that the amount and success of habitat 
improvements may benefit from restoring multiple stream reaches in a similar segment of 
the watershed, Alternative M combines Alternatives A and D. Combining the stream 
problem sites into a stand-alone alternative was done primarily because of proximity of 
location (each site is located along a tributary to mainstem Flat Creek, within about a 
quarter mile of each other), and also similarities in degraded ecosystem conditions and 
selected measures necessary to address problems.  

Based on watershed model results for erosivity and sediment production, which accounts 
for changing flow conditions, flow attenuation measures are not necessary to sustainably 
address problems, reduce sedimentation, and restore aquatic ecosystems. If this alternative 
were selected for implementation, a construction easement would be required to access the 
stream channel along whichever bank better facilitates site entry while minimizing removal 
of trees and other vegetation. Following construction, the easement would be maintained 
for future site access. 

 

 

  Instream Measures:  

J-hooks 
Cross vanes 
Boulders 

 Bank Stabilization Measures: 

Create bankfull bench 
Bank grading 
Bank stabilization matting 
Streambank planting 

  Riparian Measures:    
Planting of native 
hardwoods 
Seeding and 
mulching 

Flow Attenuation Measures: 

None selected 

Alternative N (Stream Problem Site 25 and  
Stormwater Detention Structure Problem Sites A10687 and CH033) 
Alternative N addresses degraded ecosystem conditions observed at stream problem site 25, 
combined with flow attenuation/peak discharge reduction opportunities identified for 
Stormwater Detention Structure Problem Sites A10687 and CH033. It was formulated to 
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evaluate benefits of peak flow attenuation in conjunction with physical stream restoration. 
Existing conditions at stream problem site 25 are discussed under Alternative E. In 
Alternative N, stormwater detention structure problem sites A10687 and CH033 are 
combined with this stream problem site because of proximity to the stream segment (within 
one-half mile), relative location immediately upstream of the stream site, and potential to 
reduce peak flows released to the stream.  

Stormwater detention structure problem site A10687 is a dry detention basin in Lower Flat 
Creek near Browns Bridge Road. Based on design standards in the GSMM, the site does not 
provide adequate water quality or channel protection volume. The selected measures 
include increasing the storage volume by excavating the sides and bottom of the basin, 
modifying the outlet control structure, and adding a trash rack. The outlet control structure 
half-round also needs perforations and reinstallation.  

Stormwater detention structure problem site CH033 is a dry detention pond in Lower Flat 
Creek near Browns Bridge Road, and also near stormwater detention structure problem site 
A10687. The site does not provide adequate water quality and channel protection volume. 
Selected measures include retrofitting the site to an extended dry detention pond to increase 
efficiency by retrofitting the outlet control structure and excavating the sides or bottom of 
the basin to increase capacity. The combined stream restoration and flow attenuation 
measures selected for Alternative N are listed below. No riparian measures are selected for 
this alternative because the riparian ecosystem is intact with mature woody vegetation 
along both sides of the stream. If this alternative were selected for implementation, a 
construction easement would be required to access the stream channel along whichever 
bank better facilitates site entry while minimizing removal of trees and other vegetation. 
Following construction, the easement would be maintained for future site access. 

  Instream Measures:  

Engineered riffles 
J-hooks 
Cross vanes 
Debris jam removal 
Boulders 

 Bank Stabilization Measures: 

Create bankfull bench 
Bank grading 
Bank stabilization matting 
Streambank planting 

 

  Riparian Measures:    
None selected 

Flow Attenuation Measures: 

Retrofit of outlet control 
structure  
Expansion of existing 
detention basin  

 

Alternative O (Stream Problem Site 33 and  
Stormwater Detention Structure Problem Sites A14199, CH015, CH016, CH027 and CH106) 
Alternative O addresses degraded ecosystem conditions observed at stream problem site 33, 
combined with flow attenuation/peak discharge reduction opportunities identified for 
Stormwater Detention Structure Problem Sites A14199, CH015, CH016, CH027 and CH106. 
It was formulated to evaluate benefits of peak flow attenuation in conjunction with physical 
stream restoration. Existing conditions at stream problem site 33 are discussed under 
Alternative J. Stormwater Detention Structure Problem Sites A14199, CH015, CH016, CH027 
and CH106 are combined with the stream problem site because of their proximity to the 
stream segment (within one-half mile), their relative location immediately upstream of the 
stream site, and their potential to reduce peak flows released to the stream.  
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Stormwater detention structure problem site A14199 is a wet detention basin in Upper Flat 
Creek near Delta Drive. It does not provide adequate channel protection volume. Selected 
measures included retrofitting the site to an extended wet detention basin by retrofitting the 
outlet control structure orifice to reduce peak flow discharge rates.  

Stormwater detention structure problem site CH015 is a dry detention pond in Upper Flat 
Creek near Shallowford Road and also near stormwater detention structure problem site 
CH016. The site does not provide adequate water quality and channel protection volume. 
Selected measures include retrofitting the site to an extended dry detention pond to increase 
efficiency by retrofitting the outlet control structure and excavating the sides or bottom of 
basin to increase capacity.  

Stormwater detention structure problem site CH016 is a dry detention pond in Upper Flat 
Creek near Skelton Road and also near stormwater detention structure problem site CH015. 
The site does not provide adequate water quality and channel protection volume. Selected 
measures include retrofitting the site to an extended dry detention pond to increase 
efficiency by retrofitting the outlet control structure and excavating the sides or bottom of 
basin to increase capacity.  

Stormwater detention structure problem site CH027 is a dry detention basin in Upper Flat 
Creek near Lyman Street. The site does not provide adequate water quality and channel 
protection volume. Selected measures include retrofitting the site to an extended dry 
detention pond to increase efficiency by retrofitting the outlet control structure and 
excavating the sides or bottom of basin to increase capacity. The outlet control structure also 
requires maintenance to remove debris.  

Stormwater detention structure problem site CH106 is a dry detention basin in Upper Flat 
Creek near Browns Bridge Road and Pearl Nix Parkway. The site does not provide adequate 
water quality and channel protection volume. Selected measures include retrofitting the site 
to an extended dry detention pond to increase efficiency by retrofitting the outlet control 
structure and excavating the sides or bottom of basin to increase capacity. The basin 
requires maintenance to remove sediment buildup from the bottom of the pond. The 
combined stream restoration and flow attenuation measures selected for Alternative O are 
listed below. 

If this alternative were selected for implementation, a construction easement would be 
required to access the stream channel along whichever bank better facilitates site entry 
while minimizing removal of trees and other vegetation. Following construction, the 
easement would be maintained for future site access. 

  Instream Measures:  

Engineered riffles 
Stone toe protection 

 

 Bank Stabilization Measures: 

Bank grading 
Bank stabilization matting 
Streambank planting 
 

  Riparian Measures:    
Planting of native 
hardwoods 
Seeding and 
mulching 

Flow Attenuation Measures: 

Retrofit of outlet control 
structure  
Expansion o existing 
detention basin  

Alternative P (Stream Problem Site 32 and Stormwater Detention Structure Problem Site CH048) 
Alternative P addresses degraded ecosystem conditions observed at stream problem site 32, 
combined with flow attenuation/peak discharge reduction opportunities identified for 
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Stormwater Detention Structure Problem Site CH048. Existing conditions at stream problem 
site 32 are discussed for Alternative I. Stormwater detention structure problem site CH048 
was combined with the stream problem site because of its proximity to the stream segment 
(about one-half mile), its relative location upstream of the stream site, and its potential to 
reduce peak flows released to the stream. CH048 is a dry detention basin in Upper Flat 
Creek near Airport Parkway. The site does not provide adequate water quality and channel 
protection volume. Selected measures include retrofitting the site to an extended dry 
detention pond to increase efficiency by retrofitting the outlet control structure and 
excavating the sides or bottom of basin to increase capacity. The combined stream 
restoration and flow attenuation measures selected for Alternative P are listed below. If this 
alternative were selected for implementation, a construction easement would be required to 
access the stream channel along whichever bank better facilitates site entry while 
minimizing removal of trees and other vegetation. Following construction, the easement 
would be maintained for future site access. 

  Instream Measures:  

Engineered riffles 
Boulders 
Stone toe protection 

 Bank Stabilization Measures: 

Rootwads 
Bank grading 
Bank stabilization matting 
Streambank planting 
 

  Riparian Measures:    
Planting if native 
hardwoods 
Seeding and 
mulching 

Flow Attenuation Measures: 

Retrofit of outlet control 
structure  
Expansion of existing 
detention basin  

Alternative Q (Stormwater Detention Structure  
Problem Sites  A14911, A15015, CH036, CH048 and CH062) 
Alternative Q includes flow attenuation/peak discharge reduction at multiple stormwater 
detention structure problem sites in the same headwaters part of Flat Creek, where flow 
attenuation might have the greatest downstream benefit (A14911, A15015, CH036, CH048 
and CH062). The PDT formulated this alternative isolates the potential aquatic ecosystem 
benefits that could occur with flow attenuation but without instream ecosystem restoration. 
The alternative covers multiple locations to maximize the potential of the alternative to have 
a significant benefit. If these 5 locations were formulated in other combinations (that is 2 
locations only, or 4 locations only), watershed model results indicate that they would not 
have a significant effect on downstream flows in Flat Creek.  

Stormwater detention structure problem site A14911 is a dry detention basin in Upper Flat 
Creek near West Ridge Road and also near stormwater detention structure problem site 
A15015. The site does not have adequate water quality or channel protection volume. Selected 
measures include retrofitting the site to a dry extended detention basin by retrofitting the 
outlet control structure and decreasing the size of the 18-inch outlet control pipe.  

Stormwater detention structure problem site A15015 was a dry detention basin in Upper 
Flat Creek near West Ridge Road and also near stormwater detention structure problem site 
A14911. The site does not provide adequate water quality or channel protection volume. 
Selected measures include retrofitting the site to an extended dry detention basin by 
replacing the outlet control structure and excavating the sides or bottom of the basin to 
increase capacity.  

Stormwater detention structure problem site CH036 is a dry detention pond in Upper Flat 
Creek near Aviation Boulevard. The site does not provide adequate water quality and 
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channel protection volume. Selected measures include retrofitting the site to an extended 
dry detention pond to increase efficiency by retrofitting the outlet control structure and 
excavating the sides or bottom of basin to increase capacity.  

Stormwater detention structure problem site CH048 is a dry detention basin in Upper Flat 
Creek near Airport Parkway. The site does not provide adequate water quality and channel 
protection volume. Selected measures include retrofitting the site to an extended dry 
detention pond to increase efficiency by retrofitting the outlet control structure and 
excavating the sides or bottom of basin to increase capacity.  

Stormwater detention structure problem site CH062 is a dry detention basin in Upper Flat 
Creek near Airport Parkway. The site does not provide adequate water quality and channel 
protection volume. Selected measures include retrofitting the site to an extended dry 
detention pond to increase efficiency by replacing the outlet control structure and 
excavating the sides or bottom of basin to increase capacity.  

The stream restoration and flow attenuation measures selected for Alternative Q are listed 
below. 

  Instream Measures:  

None selected 
 Bank Stabilization Measures: 

None selected 
  Riparian Measures:    
None selected 

Flow Attenuation Measures: 

Retrofit of outlet control 
structure  
Expansion of existing 
detention basin  

Alternative R (Stream Problem Site 42 and  
Stormwater Detention Structure Problem Sites A15094 and CH025) 
Alternative R addresses degraded ecosystem conditions observed at stream problem site 42, 
combined with flow attenuation/peak discharge reduction opportunities identified for 
stormwater detention structure problem sites A15094 and CH025. Conditions at stream 
problem site 42 are discussed under Alternative L. Stormwater detention structure problem 
sites A15094 and CH025 were combined with the stream problem site because of their 
proximity to the stream segment (within one-quarter mile), their relative location near the 
stream site, and their potential to reduce peak flows released to the stream.  

Stormwater detention structure problem site A15094 is a dry detention pond in Upper Flat 
Creek near Dean Street. The site does not provide adequate water quality and channel 
protection volume. Selected measures include retrofitting the site to an extended dry 
detention pond to increase efficiency by retrofitting the outlet control structure and 
excavating the sides or bottom of basin to increase capacity.  

Stormwater detention structure problem site CH025 is a wet detention pond in Upper Flat 
Creek near Marler Street. The site does not provide adequate water quality and channel 
protection volume. Selected measures include retrofitting the site to an extended wet 
detention pond to increase efficiency by retrofitting the outlet control structure and 
excavating the sides or bottom of basin to increase capacity.  

The combined stream restoration and flow attenuation measures selected for Alternative R 
are listed below. If this alternative were selected for implementation, a construction 
easement would be required to access the stream channel along whichever bank better 
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facilitates site entry while minimizing removal of trees and other vegetation. Following 
construction, the easement would be maintained for future site access. 

  Instream Measures:  

J-hooks 
 Bank Stabilization Measures: 

Adjust stream meander 
Create bankfull bench 
Bank grading 
Bank stabilization matting 
Streambank planting 

  Riparian Measures:    
Planting of native 
hardwoods 
Seeding and 
mulching 

Flow Attenuation Measures: 

Expansion of existing 
detention basin  

Alternative S (Stream Problem Site 26 and Stormwater Detention Structure Problem Site CH022) 
Alternative S addresses degraded ecosystem conditions observed at stream problem site 26, 
combined with flow attenuation/peak discharge reduction opportunities identified for 
stormwater detention structure problem site CH022. Existing conditions at site 26 are 
discussed under Alternative F. Stormwater detention structure problem site CH022 was 
combined with the stream problem site because of its proximity to the stream segment 
(within one-half mile) and its potential to reduce peak flows released to the stream.  

Stormwater detention structure problem site CH022 is a wet detention pond in Upper Flat 
Creek near Bradford Street Extension. The site does not provide adequate water quality and 
channel protection volume. Selected measures included retrofitting the site to an extended 
wet detention pond to increase efficiency by retrofitting the outlet control structure and 
excavating the sides or bottom of basin to increase capacity.  

The combined stream restoration and flow attenuation measures selected for Alternative S 
are listed below. If this alternative were selected for implementation, a construction 
easement would be required to access the stream channel along whichever bank better 
facilitates site entry while minimizing removal of trees and other vegetation. Following 
construction, the easement would be maintained for future site access. 

  Instream Measures:  

Engineered riffles 
J-hooks 
Cross vanes 
Boulders 

 Bank Stabilization Measures: 

Bank stabilization matting 
Streambank planting 

  Riparian Measures:       
Planting of native 
hardwoods 
Seeding and mulching 

Flow Attenuation Measures: 

Expansion of existing 
detention basin  

Alternative T (Stream Problem Sites 2, 28, and 29) 
Alternative T addresses degraded ecosystem conditions at stream problem sites 2, 28, and 29. 
Existing conditions at those sites are discussed under Alternatives B, G, and H. A combined 
list of selected measures is provided below. Recognizing that the amount and success of 
habitat improvements may benefit from restoring multiple stream reaches in a similar part of 
the watershed, this alternative combines Alternatives B, G, and H. Implementation of stream 
restoration at these sites would introduce various measures aimed at restoring instream 
habitat communities, stabilizing eroded streambanks, and enhancing the riparian ecosystems. 
Based on watershed model results for erosivity and sediment production, which accounts for 
changing flow conditions, flow attenuation measures would not be necessary to sustainably 
address problems in this location, reduce sedimentation, and restore aquatic ecosystems. If 
this alternative were selected for implementation, a construction easement would be required 
to access the stream channel along whichever bank better facilitates site entry while 
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minimizing removal of trees and other vegetation. Following construction, the easement 
would be maintained for future site access. 

  Instream Measures:  

Engineered riffles 
J-hooks 
Cross vanes 
Debris jam removal 
Boulders 

 Bank Stabilization Measures: 

Create bankfull bench 
Bank grading 
Bank stabilization matting 
Streambank planting 

  Riparian Measures:    
Planting of native 
hardwoods 
Seeding and 
mulching 

Flow Attenuation Measures: 

None selected 

Alternative U (Stream Problem Sites 2, 28, 29, and 39) 
Alternative U addresses degraded ecosystem conditions observed at stream problem sites 2, 
28, 29 and 39. Existing conditions at those sites are discussed under Alternatives B, G, H, and 
K. A combined list of selected measures is listed below. Similar to Alternative T, and 
recognizing that the amount and success of habitat improvements may benefit from restoring 
multiple stream reaches in a similar part of the watershed, this alternative combines 
Alternatives B, G, H, and K. By including stream problem site 39, Alternative U introduces an 
additional highly affected problem site in the mid-Upper Flat Creek subwatershed. 
Implementation of stream restoration at the sites would introduce various measures aimed at 
restoring instream habitat communities, stabilizing eroded streambanks, and enhancing the 
riparian ecosystems. Based on watershed model results for erosivity and sediment 
production, which account for changing flow conditions, flow attenuation measures would 
not be necessary to sustainably address problems in this location, reduce sedimentation, and 
restore aquatic ecosystems. If this alternative were selected for implementation, a construction 
easement would be required to access the stream channel along whichever bank better 
facilitates site entry while minimizing removal of trees and other vegetation. Following 
construction, the easement would be maintained for future site access. 

  Instream Measures:  

Engineered riffles 
J-hooks 
Cross vanes 
Debris jam removal 
Boulders 

 Bank Stabilization Measures: 

Adjust stream meander 
Create bankfull bench 
Bank grading 
Bank stabilization matting 
Streambank planting 

  Riparian Measures:    
Planting of native 
hardwoods 
Seeding and 
mulching 

Flow Attenuation Measures: 

None selected 

Alternative V (Stream Problem Sites 32 and 33, and Stormwater Detention Structure Problem 
Sites A14199, CH015, CH016, CH027, CH053, and CH106)  
Alternative V addresses degraded ecosystem conditions observed at stream problem sites 32 
and 33 combined with flow attenuation/peak discharge reduction opportunities identified 
for stormwater detention structure problem sites A14199, CH015, CH016, CH027, CH053, 
and CH106. Existing conditions at stream problem sites 32 and 33 are discussed under 
Alternatives I and J. Recognizing that the amount and success of habitat improvements may 
benefit from restoring multiple stream reaches in a similar area of the watershed, 
Alternative V combines Alternatives I and J. Stormwater detention structure problem sites 
A14199, CH015, CH016, CH027, and CH106 were combined primarily for stream problem 
site 33 because of their proximity to the stream segment (within one-half mile), their relative 
location immediately upstream of the stream site, and their potential to reduce peak flows 
released to the stream. Stormwater detention structure problem site CH053 was combined 
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primarily for stream problem site 32 because of its proximity to the stream segment (within 
one-half mile), its relative location upstream of the stream site, and their potential to reduce 
peak flows released to the stream. 

Stormwater detention structure problem site A14199 is a wet detention basin in Upper Flat 
Creek near Delta Drive. It does not provide adequate channel protection volume. Selected 
measures included retrofitting the site to a wet extended detention basin by retrofitting the 
outlet control structure orifice to reduce peak flow discharge rates.  

Stormwater detention structure problem site CH015 is a dry detention pond in Upper Flat 
Creek near Shallowford Road (and near stormwater detention structure problem site 
CH016). The site does not provide adequate water quality and channel protection volume. 
Selected measures included retrofitting the site to an extended dry detention pond to 
increase efficiency by retrofitting the outlet control structure and excavating the sides or 
bottom of basin to increase capacity.  

Stormwater detention structure problem site CH016 is a dry detention pond in Upper Flat 
Creek near Skelton Road and also near stormwater detention structure problem site CH015. 
The site does not provide adequate water quality and channel protection volume. Selected 
measures include retrofitting the site to an extended dry detention pond to increase 
efficiency by retrofitting the outlet control structure and excavating the sides or bottom of 
basin to increase capacity.  

Stormwater detention structure problem site CH027 is a dry detention basin in Upper Flat 
Creek near Lyman Street. The site does not provide adequate water quality and channel 
protection volume. Selected measures include retrofitting the site to an extended dry 
detention pond to increase efficiency by retrofitting the outlet control structure and 
excavating the sides or bottom of basin to increase capacity. The outlet control structure 
requires maintenance to remove debris.  

Stormwater detention structure problem site CH053 is a dry detention basin in Upper Flat 
Creek near Industrial Boulevard. The site does not provide adequate water quality and 
channel protection volume. Selected measures include retrofitting the site to an extended 
dry detention pond to increase efficiency by retrofitting the outlet control structure and 
excavating the sides or bottom of basin to increase capacity.  

Stormwater detention structure problem site CH106 is a dry detention basin in Upper Flat 
Creek near Browns Bridge Road and Pearl Nix Parkway. The site does not provide adequate 
water quality and channel protection volume. Selected measures include retrofitting the site 
to an extended dry detention pond to increase efficiency by retrofitting the outlet control 
structure and excavating the sides or bottom of basin to increase capacity. The basin 
requires maintenance to remove sediment buildup from the bottom of the pond.  

The combined stream restoration and flow attenuation measures selected for Alternative V 
are listed below. If this alternative were selected for implementation, a construction 
easement would be required to access the stream channel along whichever bank better 
facilitates site entry while minimizing removal of trees and other vegetation. Following 
construction, the easement would be maintained for future site access. 

  Instream Measures:   Bank Stabilization Measures:   Riparian Measures:    Flow Attenuation Measures: 
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Engineered riffles 
Boulders 
Stone toe protection 

Rootwads 
Bank grading 
Bank stabilization matting 
Streambank planting 
 

Planting of native 
hardwoods 
Seeding and 
mulching 

Retrofit of outlet control 
structure  
Expansion of existing 
detention basin  

Alternative W (Stream Problem Sites 26 and 42, and  
Stormwater Detention Structure Problem Sites A15094, CH022, and CH025) 
Alternative W addresses degraded ecosystem conditions observed at stream problem sites 
26 and 42, combined with flow attenuation/peak discharge reduction identified for 
stormwater detention structure problem sites A15094, CH022, and CH025. Existing 
conditions at stream problem sites 26 and 42 are discussed under Alternatives F and L. 
Recognizing that the amount and success of habitat improvements may benefit from 
restoring multiple stream reaches in a similar part of the watershed, Alternative W 
combines Alternatives F and L. Stormwater detention structure problem sites A15094, 
CH022, and CH025 were combined primarily for stream problem site 42 because of their 
proximity to the stream segment (within one-half mile), their relative location to the stream 
site, and their potential to reduce peak flows released to the stream.  

Stormwater detention structure problem site A15094 is a dry detention pond in Upper Flat 
Creek near Dean Street. The site does not provide adequate water quality and channel 
protection volume. Selected measures include retrofitting the site to an extended dry 
detention pond to increase efficiency by retrofitting the outlet control structure and 
excavating the sides or bottom of basin to increase capacity.  

Stormwater detention structure problem site CH022 is a wet detention pond in Upper Flat 
Creek near Bradford Street Extension. The site does not provide adequate water quality and 
channel protection volume. Selected measures include retrofitting the site to an extended 
wet detention pond to increase efficiency by retrofitting the outlet control structure and 
excavating the sides or bottom of basin to increase capacity.  

Stormwater detention structure problem site CH025 is a wet detention pond in Upper Flat 
Creek near Marler Street. The site does not provide adequate water quality and channel 
protection volume. Selected measures included retrofitting the site to an extended wet 
detention pond to increase efficiency by retrofitting the outlet control structure and 
excavating the sides or bottom of basin to increase capacity.  

The combined stream restoration and flow attenuation measures selected for Alternative W 
are listed below. If this alternative were selected for implementation, a construction 
easement would be required to access the stream channel along whichever bank better 
facilitates site entry while minimizing removal of trees and other vegetation. Following 
construction, the easement would be maintained for future site access. 

  Instream Measures:  

Engineered riffles 
J-hooks 
Boulders 

 Bank Stabilization Measures: 

Rootwads 
Create bankfull bench 
Bank grading 
Bank stabilization matting 
Streambank planting 

  Riparian Measures:    
Planting of native 
hardwoods 
Seeding and 
mulching 

Flow Attenuation Measures: 

Expansion of existing 
detention basin  
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Alternative X (Stream Problem Site 32 and 33) 
Alternative X addresses degraded ecosystem conditions observed at stream problem sites 32 
and 33. Conditions at these sites are discussed under Alternatives I and J. Selected measures 
are listed below. Recognizing that the amount and success of habitat improvements may 
benefit from restoring multiple stream reaches in a similar part of the watershed, 
Alternative X combines Alternatives I and J. Combining these stream problem sites into a 
stand-alone alternative was done partially because of proximity (each site is along the Flat 
Creek mainstem and within a half mile of each other) and because of similarities in 
degraded ecosystem conditions and selected measures necessary to address the current 
problems.  

Alternative X includes restoration of a combined length of 2,500 feet of a highly degraded 
segment of Flat Creek. Based on watershed model results for erosivity and sediment 
production, which accounts for changing flow conditions, flow attenuation measures are not 
necessary to sustainably address problems, reduce sedimentation, and restore aquatic 
ecosystems. If this alternative were selected for implementation, a construction easement 
would be required to access the stream channel along whichever bank better facilitates site 
entry while minimizing removal of trees and other vegetation. Following construction, the 
easement would be maintained for future site access. 

  Instream Measures:  

Engineered riffles 
Boulders 
Stone toe protection 

 Bank Stabilization Measures: 

Rootwads 
Bank grading 
Bank stabilization matting 
Streambank planting 
 

  Riparian Measures:    
Planting of native 
hardwoods 
Seeding and 
mulching 

Flow Attenuation Measures: 

None selected 
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TABLE 6-2 
Ecosystem Restoration Alternatives  
Flat Creek Watershed Detailed Project Report – Environmental Appendix 
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A X                            
B  X                           
C   X                          
D    X                         
E     X                        
F      X                       
G       X                      
H        X                     
I         X                    
J          X                   
K           X                  
L            X                 
M X   X                         
N     X        X          X      
O          X    X    X X   X      X 
P         X                X    
Q               X X        X X  X  
R            X     X    X        
S      X              X         
T  X     X X                     
U  X     X X   X                  
V         X X    X    X X   X    X  X 
W      X      X     X   X X        
X         X X                   
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6.3 Evaluation of Reformulated Alternative Plans 
In accordance with the P&G, alternatives should be screened and evaluated based on four 
criteria: completeness, effectiveness, efficiency, and acceptability. Alternatives must also meet 
at least one of the planning objectives or other screening criteria. Specific methods to evaluate 
these criteria depend on the planning problems and objectives. Section 7 (Analysis of Future 
with Project Conditions) details the methods used to evaluated effectiveness for the Flat Creek 
watershed alternatives. Completeness and acceptability are detailed in the Detailed Project 
Report, and efficiency is detailed in Appendix G (Economic Appendix) to the Detailed Project 
Report.  
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7. Analysis of Future with Project Conditions 
Effectiveness of an alternative is “the extent to which an alternative plan alleviates the 
specified problems and achieves the specified opportunities” (P&G Section VI.1.6.2(c)(2)). It 
is associated with the plan’s contribution to solving the planning problems and meeting 
plan objectives. Effectiveness should be considered during the screening of alternatives as 
well as evaluation of alternatives (Planning Manual, 1996). During the screening process 
described in Section 6.1 (Screening Alternative Plans), effectiveness was evaluated based on 
the conditions at the alternative location, to identify alternatives that had limited potential 
to improve habitat and contribute to plan objectives. This process is detailed in the 
Environmental Appendix and summarized below. 
 
During the evaluation process of reformulated alternatives, a more rigorous approach was 
used to quantify the effectiveness of remaining alternatives, in terms of habitat units 
predicted by the ERM. The ERM outputs habitat units which are a representation of fish, 
benthic macroinvertebrates, and physical habitat. Fish IBI scores are out of a possible 60 
points for each sampling station, BMI scores out of 100 points, and physical habitat scores 
out of 200 points. The ERM outputs are presented as a percentage of the best possible score 
for the watershed as a whole. Each alternative’s benefit to aquatic habitat was evaluated in 
terms of habitat units, or the amount of potential improvement the alternative may have on 
fish and benthic macroinvertebrate communities, as well as physical habitat diversity and 
availability. The approach to predict the benefits (in terms of habitat units) of alternative 
plans, and the predicted results are detailed below. 

7.1 Approach to Predicting Habitat Units 
The third step to identifying environmental outputs was to predict the future with project 
conditions of the watershed, and then to use best professional judgment to predict future 
biological scores for each alternative considered. This step was the basis of the benefit 
calculation for the alternatives. The resulting environmental outputs from the ERM were 
used in the cost-benefit analysis component of the planning process.  

The process used to develop future with project biological scores, detailed below, included 
the following steps: 

• Future Biological Score Ranges—Determine the minimum and maximum changes in 
biological scores, at the six sampling stations which could result from implementation of 
alternatives.  

• Hydrologic and Hydraulic Modeling—Predict changes in environmental conditions at 
each alternative site, assuming that the plan is implemented.  

The first step involved a review of historical environmental conditions and biological data 
in Hall County (CH2M HILL, 2000; CH2M HILL, 2003; Brown and Caldwell, 2006; and 
CH2M HILL, 2007b). Modeling was conducted using the watershed model described 
previously. From the results of these analyses, and the locations of the alternatives, future 
biological scores were predicted, and the benefits of each alternative were quantified using 
the ERM to predict the future habitat units. This section details the analysis conducted to 
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predict future biological scores in Flat Creek, and summarizes the results for each potential 
alternative identified.  

7.2 Future Biological Score Ranges 
Scores from the 2007 biological monitoring conducted in Flat Creek were used to determine 
the minimum and maximum amount of improvement expected to result from the 
implementation of an alternative. Restoration measures were expected to reduce sediment, 
flow and velocity in localized reaches of Flat Creek, improving the habitat availability and 
quality. However, the aquatic species that can colonize the improved habitat also depends 
on other natural environmental variables such as climate, populations in other nearby 
watersheds, natural barriers to fish migration (i.e. Lake Lanier). As a result, possible future 
biological score ranges were based on historical species assemblages and biological scores, 
as well as biological communities in other, less degraded watersheds. For each biological 
score, individual metrics were examined with consideration to historical (1999–2003) Hall 
County data, which was assumed to be a fair representation of future with project 
implementation. Future fish IBI, BMI, and physical habitat score ranges were predicted 
based on current (2007) data and on historical sampling data. The results are summarized 
below.  

7.2.1 Future Fish IBI Score Range 
For each Flat Creek sampling station, the minimum and maximum amount of improvement 
in fish IBI scores resulting from an upstream ecosystem restoration project was 
approximated.  The potential changes in each metric score are shown in Table 7-1.  It was 
assumed that the minimum amount of improvement for each metric (which can be negative) 
was equal to the minimum amount of potential decline under future without project 
conditions. This minimum improvement, therefore, accounts for the potential for 
alternatives to provide minimal effects on certain sampling stations. A possible reason for 
this was the alternative’s location relative to a sampling station.  The maximum 
improvement, however, represents the most positive impact that an ecosystem restoration 
alternative could have on a downstream (or nearby) sampling station. A discussion of 
certain individual metric scores is provided below.  
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TABLE 7-1 
Fish Community Predicted Score Analysis—with Project 
Flat Creek Watershed Detailed Project Report – Environmental Appendix 

Metric and Minimum & Maximum 
Potential Future Improvement 

Sampling Station 

FLG-A FLG-4 FLG-B FLG-5 

Min Max Min Max Min Max Min Max 

Number of Native Fish Species 0 0 0 0 0 0 0 2 
Number of Benthic Invertivore 
Species 0 0 0 0 0 0 0 0 
Number of Native Sunfish Species 0 0 0 2 0 2 0 0 
Number of Native Insectivorous 
Cyprinid Species 0 0 0 0 0 0 0 0 
Number of Native Round-bodied 
Sucker Species 0 0 0 0 0 0 0 0 
Number of Sensitive Species 0 0 0 0 0 0 0 0 
Evenness -2 0 0 4 0 2 -2 2 
Proportion of Individuals as Lepomis 
Species -2 0 0 2 -2 0 0 0 
Proportion of Individuals as 
Insectivorous Cyprinids 0 0 0 0 -2 0 0 4 
Proportion of Individuals as 
Generalist Feeders and Herbivores 0 2 0 4 -2 0 -2 0 
Proportion of Individuals as Benthic 
Fluvial Specialists 0 0 0 0 0 0 0 0 
Number of Individuals Collected per 
200 Meters 0 2 0 2 0 0 0 2 
Proportion of Individuals with External 
Anomalies 4 4 4 4 0 0 4 4 

Sum of potential change 0 8 4 18 -6 4 0 14 

2007 IBI Score 14 14 10 10 26 26 16 16 

Predicted Scores w/ Minimum 
Change and Maximum Change 14 22 14 28 20 30 16 30 
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Number of Native Fish Species 
During 1999 biological sampling, the maximum number of native fish species found in City 
of Gainesville streams was 10.  Station FLG-5 was the only station which was expected to 
gain enough new native fish species to increase the score for this metric.  The number of 
native fish species at this station could potentially increase from 8 to 11, resulting in an 
increase in metric score. Scores for the three other Flat Creek station were not expected to 
improve.   

Number of Benthic Invertivore Species 
Historically, no species of benthic invertivores have ever been found in Flat Creek. The most 
benthic invertivores that have ever been found in Gainesville streams is 1. The scores for this 
metric were not expected to increase.   

Number of Native Sunfish Species 
Based on a comparison between data at each sampling station, it assumed that an 
improvement in watershed conditions could lead to an increase in two native sunfish 
species at FLG-B (a bluegill and a warmouth) and one native sunfish species at FLG-4 (a 
warmouth). The number of species at the two other sampling stations was not expected to 
increase by an amount sufficient for score changes.  

Number of Native Insectivorous Cyprinid Species 
Flat Creek sampling stations have scored a 1 for this metric during all biological monitoring 
conducted to date. In addition, no City of Gainesville stream scored higher than a 1 for this 
metric in 2007. Despite ecosystem restoration, the increase in the number of native 
insectivorous cyprinid species which would be required for a score increase in not likely. 
Therefore, scores for this metric were not expected to increase with project implementation. 

Number of Native Round-bodied Sucker Species 
Historically, no species of round-bodied suckers have been found in any City of Gainesville 
stream. Therefore, no score change was expected.  

Number of Sensitive Species 
In 2007, no sensitive species were found in any City of Gainesville streams. In order for any 
of the Flat Creek sampling stations to score greater than a 1 for this metric, two species 
would need to be found.  This was not expected based on historical sampling.  

Evenness 
It was possible for the evenness metric score at three of the Flat Creek sampling stations to 
improve (Station FLG-A scored a 5 in 2007). The 2007 score for Station FLG-4 was on the 
cusp of 1 and 3, so improvement at this station was expected to be as great as 4 points. 
Stations FLG-B and FLG-5 were both expected to score 2 points higher with an 
improvement in watershed conditions.   

Proportion of Individuals as Lepomis Species 
Consistent with the projections made about future native sunfish species, stations FLG-B 
and FLG-4 were expected to have an increase in Lepomis species with project. As a result, 
Station FLG-4 could score a 3 for this metric in the future. However, the increase in the 
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proportion of individuals as Lepomis species at FLG-4 was not expected to be sufficient to 
result in a metric score increase.   

Proportion of Individuals as Insectivorous Cyprinids 
Station FLG-B scored a 5 proportion of individuals as insectivorous cyprinids during the 
2007 biological monitoring. Due to the close proximity of this station to Station FLG-5, the 
number of spottail shiners at Station FLG-5 was expected to increase and result in an 
increase in this metric score. Scores at FLG-A and FLG-4 were not expected to improve.  

Proportion of Individuals as Generalist Feeders and Herbivores 
Based on 2007 scores for this metric at the downstream stations, it was expected that the 
proportion of individuals as generalist feeders and herbivores at Stations FLG-A and FLG-4 
will decrease. The expected change would result in an increase of two points for this metric.  
Stations FLG-B and FLG-5 received the highest score for this metric in 2007, and so these 
scores cannot improve.   

Proportion of Individuals as Benthic Fluvial Specialists 
For this metric, Station FLG-5 received the maximum score of 5 in 2007, so the score at this 
location cannot increase. Though ecosystem restoration was expected to result in an increase 
in the proportion of individuals as benthic fluvial specialists at the three other Flat Creek 
stations, the current scores were so low that the increase was not expected to result in a 
metric score improvement. Therefore, this metric was not predicted to change for any Flat 
Creek sampling station.   

Number of Individuals Collected per 200 Meters 
In 2007, only 23 individuals were collected at Station FLG-B. The number of fish observed at 
this station was so low that an increase in this metric score was not expected.  However, 
under future with project conditions, the number of individuals collected per 200 meters at 
the three other Flat Creek stations was predicted to increase a sufficient amount to result in 
a score change of 2 points.  

Proportion of Individuals with External Anomalies 
The proportion of individuals with external anomalies was expected to decline under future 
with project conditions. An improvement in water quality will cause a decrease in stress on 
the fish communities and therefore reduce the amount of disease. Note that this metric was 
expected to improve under future with and without project conditions due to the likely 
effect of drought conditions on the number of external anomalies in 2007.   

7.2.2 Future BMI Score Range 
For each Flat Creek sampling station, the minimum and maximum amount of improvement 
in BMI scores resulting from an upstream ecosystem restoration project was approximated.  
The potential changes in each metric score are shown in Table 7-2.  In the same manner as 
fish IBI scores were predicted, it was assumed that the minimum amount of improvement 
for each metric was equal to the minimum amount of potential decline under future without 
project conditions. The maximum improvement represents the most positive impact that an 
ecosystem restoration alternative could have on a downstream (or nearby) sampling station. 
A discussion of certain individual metric scores is provided below. 
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TABLE 7-2 
BMI Predicted Score Analysis—with Project 
Flat Creek Watershed Detailed Project Report – Environmental Appendix 

Metric and Minimum & Maximum 
Potential Future Improvement 

Sampling Station 

FLG-A FLG-4 FLG-B FLG-5 

Min Max Min Max Min Max Min Max 

Plecoptera Taxa 0 18 0 18 0 18 0 18 

Percent Trichoptera individuals 0 16 -16 38 -16 0 0 0 

Percent Chironomus & Cricotopus/      
Total Chironomidae 0 13 -14 4 -14 0 0 60 

Tolerant taxa 0 78 -6 4 -6 56 -6 41 

Percent Scraper -1 12 0 9 0 10 -2 17 

Clinger taxa -5 30 -5 25 -5 51 -5 51 

Average of Potential Change -1 28 -7 16 -7 23 -2 31 

2007 Score 17 17 36 36 40 40 37 37 

Predicted Scores w/ Minimum 
Change and Maximum Change 16 45 29 52 33 63 35 68 

 

Number of Plecoptera Taxa 
In 2007, no Plecoptera taxa were found in Flat Creek.  However, at all other City of 
Gainesville sampling stations, one Plecoptera taxon was found. Therefore it was expected 
that each Flat Creek station could gain 1 Plecoptera taxon; the associated score change is 
provided in Table 7-2.   

Percent Trichoptera Taxa 
The metric scores for percent of Trichoptera at stations FLG-5 and FLG-B were at a 
maximum value and cannot increase. Based on a comparison of scores between sampling 
stations, it was assumed that the percent of Trichoptera taxa at station FLG-4 could increase 
to 32 percent (resulting in a score of 100).  In addition, with ecosystem restoration alternative 
implementation, the score as station FLG-A was expected to be comparable to the scores for 
FLG-4 in previous years.   This would result in an increase in metric score of 16 points.   

Percent Chironomus and Cricotopus/Total Chironomidae 
As water quality increases, the number of Chironomus and Cricotopus per the total amount of 
Chironomidae was expected to decrease. The 2007 scores for this metric at stations FLG-4 
and FLG-B were very high; therefore little to zero improvement in this metric score was 
expected at these locations.  The predicted future score for station FLG-5 was based on the 
score at this station in 2003, with the assumption that conditions in 2003 were comparable to 
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those with project.  The predicted future score for station FLG-A was expected to increase 
and be comparable to the 2007 score at station FLG-5.   

Tolerant taxa 
When ecosystem restoration projects were implemented, the number of species which are 
tolerant to degradation was expected to decrease.  It was predicted that the number of 
tolerant taxa can decrease up to 50 percent at any station affected by restoration measures. 
The change in score associated with this projection was shown in Table 7-2.    

Percent Scraper 
In 2007, all Flat Creek stations scored low for this metric. However, in previous years, the 
percent of scraper individuals was as high as 19 percent in Hall County streams. For future 
score predictions, it was assumed that the score for each station would improve to be 
comparable to higher scores at nearby stations, either during 2007 or previous biological 
monitoring.  
 
Clinger taxa 
Ecosystem restoration alternatives were expected to increase the availability of benthic 
macroinvertebrate habitat, including clean riffle substrate.  It was expected that the number 
of clinger taxa will increase up to 9 taxa at the two upstream stations and that the 
downstream stations could have as many as 12 clinger taxa under future with project 
conditions.  The respective increases in score for this metric are provided in Table 7-2.  

7.2.3 Future Habitat Score Range 
For each Flat Creek sampling station, the minimum and maximum amount of improvement 
in physical habitat scores resulting from an upstream ecosystem restoration project was 
approximated.  The potential changes in each metric score are shown in Table 7-3.  Again, it 
was assumed that the minimum amount of improvement for each was equal to the 
minimum amount of potential decline under future without project conditions. The 
maximum improvement represents the most positive impact that an ecosystem restoration 
project could have on a downstream (or nearby) sampling station.  

A major goal of ecosystem restoration alternatives is to restore streams to a more natural 
state which can support a diverse and healthy aquatic community. These alternatives have 
the potential to significantly affect the physical habitat of streams. Of the 10 metrics by 
which habitat is rated, 7 were expected to improve at locations downstream of the 
restoration. The 3 metrics which were not predicted to change under future conditions were 
channel flow status, riparian zone conditions and channel alteration.  These metrics are site-
specific and would not be directly affected at a sampling station, when restorations are 
implemented in another location. For example, while stormwater detention structure 
projects affect stream flow, the downstream extent of such effects may be masked by flows 
from other parts of the drainage area at the downstream sampling stations included in the 
ERM. Likewise, though restoration measures may affect riparian conditions and channel 
alteration at the problem site, these factors will not necessarily change at the sampling 
stations.  
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For the 7 metrics which were expected to improve under future with project conditions, it 
was assumed that the maximum change possible was between 4 and 6 points (on average, 
an improvement in 1 qualitative condition category) at each station. Note that, in cases 
where a station’s existing score was near the maximum value, the maximum change was 
limited to less than 4 points.  

TABLE 7-3 
Physical Habitat Predicted Score Analysis—with Project 
Flat Creek Watershed Detailed Project Report – Environmental Appendix 

Metric and Minimum & Maximum 
Potential Future Improvement  

Sampling Station 

FLG-A FLG-4 FLG-B FLG-5 

Min Max Min Max Min Max Min Max 

Epifaunal substrate -2.5 4.5 -3 5 -3 4 -5 5 

Embeddedness 0 6 -4 5 -6 5 -7 5 

Velocity/depth regime -1.5 3.5 -1 4 -4 3 -1 4 

Sediment deposition -2 6 -4.5 5.5 -3.5 6.5 -7 5 

Channel Flow Status 0 0 0 0 0 0 0 0 

Channel Alteration 0 0 0 0 0 0 0 0 

Frequency of riffles 0 5 0 6 0 3 0 2 

Bank stability -2 6 -3 4.5 -5 5 -4 2 

Bank Vegetative protection 0 4 0 2.5 0 3.5 0 3 

Riparian zone 0 0 0 0 0 0 0 0 

Sum of potential change -8 35 -15.5 32.5 -21.5 30 -24 26 

2007 Score 81 81 98 98 129.5 129.5 153 153 

Predicted Scores w/ Minimum 
Change and Maximum Change 73 116 82.5 130.5 108 159.5 129 179 

7.3 Watershed Model Analysis 
In order to determine the degree of improvement expected to result from each potential 
watershed alternative, the watershed model was used to project the reduction in TSS 
production resulting from implementation. Stream restoration implementation was 
characterized in the watershed model as a change to the base erosion rate. A stormwater 
detention structure retrofit was accounted for in the model by an increase in the efficiency 
value of that stormwater detention structure. The increase in efficiency resulted in a 
decrease in erosivity and upland TSS production in the stormwater detention structure’s 
drainage area. Table 7-4 provides the reduction in TSS yield estimated at each Flat Creek 
sampling station, for each alternative, according to results of the watershed model.  Each 
alternative was ranked according to its TSS yield reduction provided at each of the four Flat 
Creek sampling stations (Table 7-4). These ranks (4 representing the most TSS reduction and 
1 representing the least TSS reduction) were based on 25th, 50th and 75th percentiles at each 
station, and the values provide the basis of score predictions for future with project 
conditions. 
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TABLE 7-4 
TSS Reduction at Sampling Stations for Rach Ecosystem Restoration Alternative
Flat Creek Watershed Detailed Project Report – Environmental Appendix 

Alternati
ve 

FLG-A (Flat Creek at 
Dorsey St.) 

FLG-4 (Flat Creek at 
Hilton Dr.) 

FLG-B (Flat Creek at 
Old Flowery Branch Rd.) 

FLG-5 (Flat Creek at 
McEver Rd.) 

TSS Yield 
Reduction 

(lb/acre/yr)a 
Rankb 

TSS Yield 
Reduction 

(lb/acre/yr)c 
Rankb 

TSS Yield 
Reduction 

(lb/acre/yr)d 
Rankb 

TSS Yield 
Reduction 

(lb/acre/yr)e 
Rankb 

A -- -- -- -- 25 3 19 3 

B 78 4 55 3 32 3 25 3 

C -- -- -- -- -- -- 3 1 

D -- -- -- -- 12 2 9 2 

E -- -- -- -- 12 2 9 2 

F 37 3 26 2 15 2 12 2 

G 24 2 17 1 10 1 8 1 

H 21 2 15 1 9 1 7 1 

I -- -- 108 4 64 4 49 4 

J -- -- 48 3 28 3 22 3 

K 6 1 4 1 2 1 2 1 

L 20 1 14 1 8 1 6 1 

M -- -- -- -- 37 3 28 3 

N -- -- -- -- 12 2 9 2 

O -- -- 49 3 29 3 23 3 

P -- -- 108 4 64 4 49 4 

Q 1 1 2 1 2 1 1 1 

R 24 2 18 2 11 1 9 2 

S 38 3 27 2 16 2 12 2 

T 124 4 88 3 51 4 39 4 

U 130 4 92 4 54 4 41 4 

V -- -- 158 4 93 4 71 4 

W 62 3 46 2 28 3 21 3 

X -- -- 156 4 92 4 70 4 
75th 

percentile 66 -- 91 -- 44 -- 31 -- 
50th  

percentile 31 -- 47 -- 24 -- 16 -- 
25th  

percentile 21 -- 17 -- 12 -- 9 -- 
--  indicates stations which were not affected by the alternative (no TSS yield reduction) 

a  FLG-A reduction based on current TSS yield of 897 lb/acre/yr 
b  Rank 1 < 25th percentile; 25th percentile < Rank 2 < 50th percentile; 50th percentile < Rank 3 < 75th percentile; Rank 4 > 75th 
percentile  
c  FLG-4 reduction based on current TSS yield of 1,162 lb/acre/yr 
d   FLG-B reduction based on current TSS yield of 1,349 lb/acre/yr 
e  FLG-5 reduction based on current TSS yield of 1,401 lb/acre/yr 
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7.4 Predicted Benefits of Alternative Plans 
Step 5 of the six-step planning process included evaluation of the effects of alternative plans 
based on the four criteria, as outlined in the P&G: completeness, effectiveness, efficiency, 
and acceptability. The Environmental Appendix has thus far detailed the methodology used 
to evaluate the effects of the alternative, as they relate to environmental impacts.  Based on 
the analyses outlined in this appendix, the ecosystem impacts of the 24 restoration 
alternatives and the No Action Alternative were quantified in habitat units. The 
environmental impacts of each alternative were then evaluated Based on this analysis, all 25 
alternatives were selected for further consideration in the economic analysis.  This analysis 
was presented in Appendix G (Economics Appendix) to the Detailed Project Report. 
Based on the analysis of future with project conditions, future biological scores at each 
sampling station were predicted, for each alternative. Using the ERM, future Flat Creek 
combined stream health scores and habitat units were calculated for each ecosystem 
restoration alternative. Figure 7-1 presents the predicted future habitat units for each single-
site or combination alternative. Table 7-5 summarizes the predicted combined stream health 
score and habitat units for each single-site or combination alternative. As shown, each 
alternative would provide some degree of biological improvement, meaning the habitat units 
for each would be greater than under future conditions with no alternative implementation. 
Some single-site or combination alternatives, however, would result in future conditions more 
severe than existing conditions because of the limited geographic extent of the alternatives for 
improving conditions at multiple sampling stations. The ERM uses weighted average scores 
from the sampling stations to derive the combined stream health score and habitat units; 
therefore, single-site or combination alternatives affecting relatively small parts of the 
watershed or far removed from downstream sampling stations would result in less ecological 
lift as predicted using the ERM tool.  

The single-site or combination alternative with the greatest potential to improve overall 
watershed conditions was Alternative V, which included 2 stream restoration alternatives 
(32 and 33) and 6 stormwater detention structure alternatives located in the Upper Flat 
Creek subwatershed. Other alternatives demonstrating a high potential to improve overall 
watershed conditions were U, T, X, and P; however, in order to fully evaluate the 
alternatives, the habitat units must be evaluated with respect to other criterion. Detailed 
cost-benefit analysis is presented in Appendix G (Economics Appendix) to the Detailed 
Project Report, and the alternatives are evaluated further in the Detailed Project Report.  
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FIGURE 7-1 
Predicted Future Habitat Units—Without Project and With Project 
Flat Creek Watershed Detailed Project Report – Environmental Appendix 
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TABLE 7-5 
Predicted Future Scores Summary (Existing Conditions, Without Project, and With Project) 
Flat Creek Watershed Detailed Project Report – Environmental Appendix 

 Fish IBI Score BMI Score Physical Habitat Score Combined 
Stream 
Health 
Score 

Habitat 
Units 

 
FLG-A FLG-4 FLG-B FLG-5 FLG-A FLG-4 FLG-B FLG-5 FLG-A FLG-4 FLG-B FLG-5 

Existing 
Conditions 14 10 26 16 17 36 40 37 81 98 130 153 36 213 

Future without 
Restoration 12 10 18 12 16 22 25 30 73 73 90 114 27 160 

Future with Project Conditions 

A 12 10 28 28 16 22 54 59 73 73 146 165 40 237 

B 22 25 25 24 45 45 46 55 116 118 132 152 48 288 

C 12 10 18 18 16 22 25 37 73 73 90 133 29 173 

D 12 10 24 21 16 22 40 44 73 73 133 152 34 205 

E 12 10 25 24 16 22 44 48 73 73 130 149 35 213 

F 19 20 25 23 34 36 43 48 102 103 130 149 43 256 

G 17 15 21 17 25 31 35 37 87 85 111 132 35 209 

H 18 18 23 20 29 34 39 42 94 94 120 140 39 233 

I 18 26 28 28 34 47 53 55 100 120 142 156 49 291 

J 12 24 26 26 16 44 50 50 73 110 133 142 42 253 

K 14 14 20 16 16 29 33 35 73 83 108 129 32 191 

L 15 15 20 16 17 30 34 36 74 84 109 130 33 196 

M 12 10 29 29 16 22 55 60 73 73 147 166 40 241 
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TABLE 7-5 
Predicted Future Scores Summary (Existing Conditions, Without Project, and With Project) 
Flat Creek Watershed Detailed Project Report – Environmental Appendix 

 Fish IBI Score BMI Score Physical Habitat Score Combined 
Stream 
Health 
Score 

Habitat 
Units 

 
FLG-A FLG-4 FLG-B FLG-5 FLG-A FLG-4 FLG-B FLG-5 FLG-A FLG-4 FLG-B FLG-5 

Existing 
Conditions 14 10 26 16 17 36 40 37 81 98 130 153 36 213 

Future without 
Restoration 12 10 18 12 16 22 25 30 73 73 90 114 27 160 

N 12 10 26 25 16 22 44 48 73 73 129 149 36 215 

O 12 26 27 28 16 46 52 52 73 114 135 145 44 263 

P 19 28 30 30 23 55 55 57 105 135 163 183 51 309 

Q 15 15 21 17 22 34 39 42 83 94 120 140 36 216 

R 16 18 21 21 24 36 34 44 85 95 112 143 37 224 

S 20 21 25 23 36 38 44 48 103 104 130 149 44 262 

T 22 25 27 27 40 45 58 58 112 118 148 164 50 303 

U 22 26 28 28 45 49 60 60 116 123 150 170 53 316 

V 22 28 30 30 45 52 63 68 116 130.5 159.5 179 56 335 

W 22 23 27 25 40 43 48 51 107 109 135 152 47 282 

X 20 28 30 30 36 52 63 68 115 130.5 159.5 179 55 327 

Future scores predicted for 25 years after ecosystem restoration implementation 
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8. Risk, Uncertainty, and Sensitivity Analyses 

8.1 Potential Environmental Risks  
Risk is inherent to water resources planning and ecosystem restoration projects, and must 
be defined to the extent practical throughout the planning process. Characterizing risk and 
uncertainty early in the planning process allows time to develop adaptive management and 
contingency plans to promptly address unforeseen conditions. Alternatives formulated for 
the Flat Creek watershed ecosystem restoration study were developed with these risks in 
mind, and risks were taken into consideration during the alternative selection process.    

With regard to environmental impacts, potential risks to be considered when developing 
and comparing ecosystem restoration measures and alternatives include: 

• risk of project failure,  
• risk of ecosystem damage,  
• natural disaster or catastrophic event, and  
• residual risk.  

These risks are described in more detail below, including a brief discussion of planning 
efforts established to minimize risks and potential impacts to the extent practical. Section 8 
of the Detailed Project Report provides the Risk Management Plan, Monitoring Plan, and 
Adaptive Management and Contingency Plan that were prepared in response to the risks 
and uncertainties identified, and to establish plans to mitigate potential adverse effects.  

8.1.1 Risk of Project Failure 
The risks associated with project failure may include 1) site-specific failure of one or more of 
the restoration measures implemented within a project reach (may be either structural or 
non-structural failure), or 2) overall project success failure should monitoring results 
suggest that ecosystem restoration is not satisfactorily meeting the goals and objectives 
developed during Planning Step 2. Project failure may result from many factors, including 
not implementing the Tentatively Selected Plan. (such as if real estate acquisition does not 
occur), poor implementation of the Tentatively Selected Plan, or mischaracterization of 
existing conditions resulting the selection of restoration measures that do not sufficiently 
address problems.  

The Plans provided in Section 8 of the Detailed Project Report outline strategies to address 
project failure, including the following mitigation actions: 
 

• conducting scheduled site inspections on a regular basis to identify developing 
problems (if any)  

• establishing an annual maintenance budget to repair any observed project damage 
• maintaining construction access, should equipment entry be necessary to repair or 

replace materials 
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• implementing post-construction monitoring plan to track the success of established 
ecosystem restoration goals and objectives 

 

8.1.2 Risk of Ecosystem Damage 
As is typical for stream restoration projects, there is risk of initially causing some degree of 
damage to the local ecosystem before restoration measures fully take effect and conditions 
begin to improve. Ecosystem damages (including localized increases in turbidity and 
suspended sediment, initial/continued degradation of aquatic communities, or initial lack 
of physical habitat improvement) might result from construction activities necessary to 
install certain in-stream measures, or from grading activities necessary to re-shape the 
channel section to a more stable long-term condition. Further, a period of time will be 
required following construction to allow aquatic communities to re-establish themselves 
within the project area, and for vegetative measures to be established to provide habitat and 
stream stability benefits. Initial adverse impacts to the ecosystem such as those described 
above are expected to reverse upon construction completion, and conditions will begin to 
improve (risk reduced) as benefits from the completed ecosystem restoration measures 
begin to take effect. 
 
Should initial ecosystem damage be observed during construction, such conditions will be 
noted and appropriate measures taken, prior to construction completion, to minimize such 
damages.  Any continued ecosystem damages observed following construction completion 
will be noted through post-construction monitoring. Post-construction biological 
monitoring will be scheduled for the first and third years following construction 
completion. The Risk Management Plan describes regularly scheduled activities aimed at 
identifying potential ecosystem damage through construction observation and scheduled 
post-construction monitoring. This plan also describes measures that should be taken 
should ecosystem damage be observed, as well as responsibilities for implementation of 
corrective actions. 

8.1.3 Natural Disaster or Catastrophic Event 
USACE-Mobile and the City of Gainesville acknowledge the potential for natural disasters 
(e.g., flood, tornado, wildfire, drought, etc.) or other catastrophic events (e.g., vandalism, 
encroachment) to negatively impact project success. Both entities are aware that any such 
will require action to address the event. The likelihood of an event such as a hurricane-
related storm event causing excessive flooding and streambank erosion is uncertain; 
however it is recognized that northern Georgia is subject to these weather events. At the 
other extreme, drought may limit instream baseflows and reduce the chances of successful 
establishment of vegetation. Risk associated with environmental conditions and its inherent 
uncertainty is similar among all project alternatives.  

Should a natural disaster or catastrophic event take place prior to construction but following 
design altering the site conditions, during construction, or within the first three years 
following construction completion, USACE-Mobile and the City of Gainesville will 
collaborate to develop a mutually agreeable course of action to mitigate any adverse impacts 
caused by the event. This risk can be addressed, and the cost necessary to implement 
corrective action will be based on the federal (65 percent)/non-federal (35 percent) cost-
share basis. Should a natural disaster or catastrophic event take place following the 3-year 
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post-construction period, then any required corrective action would be the responsibility of 
the non-federal sponsor. 

8.1.4 Residual Risks 
By utilizing natural channel design techniques and re-establishing natural processes as part 
of the ecosystem restoration plan, minimal long-term management or maintenance beyond 
the 3-year post-construction monitoring period is anticipated. However, some degree of risk 
and uncertainty is inherent to the planning and implementation of any ecosystem 
restoration project. These risks and uncertainties should be characterized, to the extent 
possible, early-on in the planning process such that adaptive management and contingency 
plans can be established to promptly address unforeseen conditions.  Ecosystem damages (if 
any) noted during this time will be address by USACE-Mobile and the City of Gainesville in 
a mutually agreeable, collaborative effort. Any ecosystem damage occurring beyond the 3-
year post-construction monitoring period will be considered “residual risk.” Residual risks 
(including prolonged or excessive maintenance or repairs) are possible, although 
unexpected, following project completion. One way to assess the likelihood of this risk is by 
implementing a post-construction monitoring plan (see Appendix I to the Detailed Project 
Report). The procedures to address these residual risks will be developed and outlined in an 
Adaptive Management and Contingency Plan and a Long-Term Management and 
Maintenance Plan. Addressing residual risks will be the responsibility of the non-federal 
sponsor. 

8.2 Environmental Uncertainties 
Similar to the potential environmental risks described above, environmental uncertainties 
are also inherent to water resources and ecosystem restoration projects. Uncertainties are 
primarily related to the variability of environmental conditions, including climate, land use, 
and hydrology, as well as the accuracy and consistency of data collection techniques. The 
uncertainties discussed below include: 

• Physical performance  
• Future environmental conditions (land use, meteorological conditions, etc.) 
• Accuracy of data collection and analysis techniques 

8.2.1 Physical Performance 
Each of the alternatives formulated for Flat Creek watershed ecosystem restoration was 
evaluated based on predicted future benefits (quantified by habitat units), through 
processes described previously and utilizing the IWR Planning Suite. The predicted benefits 
were used to establish specific performance standards for the Tentatively Selected Plan, as 
identified in Section 2 of the Detailed Project Report. Although “actual” performance is 
expected to closely follow “predicted” performance, intermediate and long-term success 
could either lag behind or exceed predicted results. This uncertainty of physical 
performance must be considered throughout the planning process, including during 
alternative formulation, alternative plan selection, and Tentatively Selected Plan. 
implementation. 
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8.2.2 Future Environmental Conditions 
Projected future environmental conditions were based on the City of Gainesville/Hall 
County Comprehensive Plan, and specifically the future land use plan that has been 
adopted (CH2M HILL, 2004). However, land use changes and development in the 
watershed may not follow these patterns, which would affect the accuracy of the model 
results as well as the accuracy of the potential change in biological metrics that was 
predicted for the habitat units. Hall County zoning and development ordinances will 
provide assurances to restoration benefits; however local impacts to the watershed may 
differ from the assumptions developed for modeling purposes. The effectiveness of Hall 
County’s development ordinances also adds some uncertainty to the future watershed 
conditions developed in the modeling. In particular, this effectiveness could affect 
assumptions related to hydrology changes in the watershed, especially peak flows and 
velocities. 

At a more local scale, upstream conditions may impact the ability of a restoration alternative 
to meet its success criteria. Stream physical habitat conditions on property outside the limits 
of a project reach may degrade due to localized conditions such as a erosion and 
sedimentation, leading to mass wasting of a streambank and sediment loading to the 
channel. Meteorological changes altering the long-term water cycle such as changes in 
precipitation and air temperature may influence stream base flows and other physical 
habitat characteristics within the watershed. These changes are slow to occur over time, 
however over the 25-year planning period may be significant enough to influence the 
potential success of ecosystem restoration.  

Environmental risks and uncertainties at each potential site are being addressed by 
conducting Phase I and Phase II environmental site assessments. Considerations include 
previous land uses and the potential for any site contamination which could affect the 
health of aquatic ecosystems and safety of construction. 

8.2.3 Accuracy of Data Collection and Analysis Techniques 
The projection of future biological scores, which form the basis for selection of the 
Tentatively Selected Plan for Flat Creek, relies on evaluation of historical data and on 
current data collection and analysis. The biological data provides some degree of 
uncertainty, due to the subjective nature of some assessments as well as the consistency of 
the sampling team from year to year. In order to reduce the uncertainty from the data 
collection and analysis, sampling based on the GAEPD Standard Operating Procedures 
(SOPs) has been used for each year which data was analyzed, and data was evaluated for 
similar levels of effort and sampling season. However, the data collection and analysis is 
expected to provide some uncertainty in the prediction of future biological scores.  

8.3 Sensitivity Analysis 
A sensitivity analysis is provided to account the variability in predicted habitat units and to 
establish a range of uncertainty in the predicted values. Although extensive modeling and 
analysis were conducted to predict biological scores, subjectivity in applying judgment to 
the scoring process and unforeseen changes in environmental conditions contribute to 
uncertainty in actual scores. It was assumed that uncertainty in the future score prediction 
was less than 50 percent of the predicted change from existing conditions. Variability in 
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predicted benefits for each of the alternatives is similar in terms of percent deviation from 
the predicted values. Overall variability therefore increases as either predicted benefits or 
estimated costs increase. Figure 8-1 represents the range of the risk of uncertainty that can 
be expected for the estimated costs and predicted future biological scores for each cost-
effective alternative. 

 
  FIGURE 8-1 
  Estimated Range of Uncertainty Analysis in the Prediction of Habitat Units 
  Flat Creek Watershed Detailed Project Report – Environmental Appendix 
 
Risks and uncertainties are associated with the implementation of any ecosystem restoration 
project in the Flat Creek watershed. While many of the risks are low as they can be 
mitigated to some extent during the planning and implementation phases of a project, risks 
may affect the ability of a restoration project to meet planning objectives. Uncertainties may 
also affect the ability of a restoration project to meet its planning objectives. However, these 
risks and uncertainties are not measurably different between the potential alternatives 
within the Flat Creek watershed and are not influential in the comparison of alternatives. 
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