


These projects were then prioritized based on esti-
mated costs, feasibility constraints, potential habitat im-
provement, and sediment reduction to develop a plan for
watershed improvement in Flat Creek.

Stream Restoration

Stream restoration projects involve the use of natu-
ral channel design techniques to return a stream to a
more natural condition to prevent further bank erosion,
provide appropriate habitat for aquatic organisms, de-
crease sedimentation, and increase stormwater filtration
in riparian areas. Based on the priority areas identified
and the data collected from the stream assessment, a
total 42 stream restoration projects were identified.
Each project was assigned a recommended level of res-
toration according to the current channel dimensions
and surrounding riparian conditions. The five stream
restoration project levels are intended to be comple-
mented by one or more stream restoration techniques,
including stream bank/channel stabilization, grade con-
trol, vegetative management, riparian planting, and
flow deflection, each of which is intended to enhance
watershed benefits.

BMP Retrofit
BMP retrofit projects are recommended to provide
downstream channel protection, by controlling the release
allowing sediment and pollutants to settle out of stormwa-
ter before it enters the stream. A total of 24 BMP projects
were identified based on GIS analysis an on the field in-
ventories which were conducted. These BMPs were as-
sessed as either being improperly sized or as not meeting
GSMM standards for water quality and channel protec-
tion. For each of the potential BMP projects, specific
BMP retrofit measures were identified which would in-
crease the efficiency of the BMP to treat and store storm-
water runoff. These measures include:
e Input pipe resizing
e  Structure removal
e Redesign of outlet control structure
e Outfall retrofitting and downstream channel stabiliza-
tion
e Detention pond redesign / reconstruction

TSS Modeling

As a watershed becomes more developed, sediment
yield is expected to increase as impervious land uses lead
to higher velocity flows to streams. The increase in run-
off flow rates decreases the amount of sediment that is
able to settle out of stormwater before it enters the
stream. Additionally, an increase in stormwater velocity
leads to an increase in bank erosion and, thus, instream
sediment production. Hydraulic models provide insight
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to the amount of sediment delivered to a stream from
both upland and instream sources.

Changes in sediment yield are important in the
determination of future biological conditions, as sedi-
ment affects aquatic ecological processes and condi-
tions, including nutrient cycling, carbon processing,
substrate availability, and function of filter-feeding or-
ganisms. Sedimentation degrades biological conditions
both by covering crucial habitat and by creating unsta-
ble environments to which certain species may be sen-
sitive.

For the purposes of project prioritization in both the
WIP and ERR, a TSS model was developed to estimate
the benefits of stream restoration and BMP retrofit pro-
jects. The TSS model accounts for both hydrologic and
hydraulic conditions by estimating TSS production and
streamflow erosivity. The TSS model employs data
from multiple sources and accounts for stream velocity,
upland TSS production, and instream TSS production.
In the TSS model, stream flow is represented by
streamflow erosivity, a measure of runoff rates which is
based on land use data and modified by BMP efficien-
cies in the drainage area. Existing conditions can be
evaluated using current land use data and BMP assess-
ment field-collected data, and future conditions can be
evaluate using projected future land use data. In addi-
tion to runoff rates, the TSS model estimates TSS pro-
duction based on the streamflow erosivity described
above and on the stream bank erosion data collected
during the 2007 Watershed Assessment. The use of fu-
ture land use data allows the analysis of projected fu-
ture TSS production. The outputs of the TSS model
were used to prioritize the potential stream restoration
projects identified in Flat Creek.

Prioritization Process

Potential stream restoration and BMP retrofit projects
were subjected to thorough prioritization procedures, to
ensure that the selected watershed improvement activities
would supply an optimal amount of watershed and bio-
logical benefit and would also be cost-effective to imple-
ment.

Figure 2 outlines the prioritization process for the WIP
and the datasets which were employed in each step. For
both the WIP and ERR, projects were initially prioritized
according to the degree of degradation at the project site,
based on stream assessment, land use, and TSS model
data. A total of 12 stream restoration projects were se-
lected as high-priority, and implementation cost estimates
were developed for these projects. Cost estimates were
based on historical, regional project costs and current con-
struction costs and were dependent on the stream restora-
tion level, stream order, length of the project, and project



area. The cost estimates allowed for cost-benefit analysis,
where a project’s benefit was quantified using a TSS
model to estimate the potential reduction in TSS. Projects
were ultimately ranked according to the estimated cost per
TSS reduction.
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Figure 2. Watershed Improvement Project Prioritiza-
tion

While BMPs can reduce both nonpoint source pollu-
tion and sediment loading to a stream, the combination of
a stream restoration project and a BMP retrofit will maxi-
mize the improvement of water quality and stream condi-
tions. Therefore, BMPs within the same drainage area as
any of the 12 prioritized stream restoration projects were
identified as the having the greatest potential to provide
benefit to the watershed. A total of 16 BMPs were identi-
fied as high-priority projects. Similar to the process for
stream restoration projects, the initially prioritized BMPs
were further evaluated based on cost-benefit analysis for
both the WIP and ERR. Planning level cost ranges were
developed for each project based upon the various imple-
mentation components associated with BMP retrofit pro-
jects, and cost ranges were further categorized according
to the size of the BMP, as a larger BMP will require a
greater level of effort. The potential benefit of the BMP
was approximated using a computer model to estimate a
reduction in upland TSS production, and projects were
ranked according to the estimated cost per reduction in
TSS.
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To identify the preferred alternative for the ERR, data
from the Watershed Assessment and TSS modeling were
used to run the USACE’s Ecosystem Response Model,
which provided a prediction of potential improvement to
the biological community for each prioritized project and
logical combinations of projects (or alternatives). Outputs
from the Ecosystem Response Model were evaluated
along with cost estimates in the USACE’s cost effective-
ness and incremental cost analysis tool. Alternatives that
were identified as cost-effective were then screened in a
similar manner to screenings conducted as the final priori-
tization for the WIP, discussed below.

As a final prioritization for the WIP, a feasibil-
ity/benefit screening was conducted on the 12 stream
restoration and 16 BMP retrofit projects. The scoring
categories which were considered most important to the
feasibility of restoration measures in Flat Creek in-
cluded: parcel ownership, implementation constraints,
flood protection, accessibility, and upland impervious-
ness. Each project was assigned a score for each of the
four categories, and the cumulative ranks of the projects
were compared. The relative cost-effectiveness and feasi-
bility/benefit scores provided the basis of the ultimate
capital improvement plan (CIP) which was developed for
the WIP.

CONCLUSIONS

For the ERR, the preferred alternative recommended for
Section 206 funding consists of two stream restoration
projects and one BMP retrofit project. This combination
of projects in the upper Flat Creek subwatershed is ex-
pected to provide water quality and physical habitat im-
provements through a large portion of the watershed. In
the WIP, a CIP was developed, including a recommended
implementation schedule and cost allocation and responsi-
bilities guidance. The 28 projects in the CIP list are ex-
pected to provide the most measurable water quality and
physical habitat improvements while also being cost-
effective watershed improvement efforts. Watershed im-
provement projects may be selected for implementation
depending on current City and County plans and other
opportunities to feasibly implement watershed improve-
ment projects in the Flat Creek Watershed.

In combination with other watershed management ac-
tivities that are conducted by the City and County, water-
shed improvements are imperative for the improvement of
existing, degraded conditions and for the mitigation of
impacts expected to result from further growth and devel-
opment in this impaired watershed.



