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PRELIMINARY HYDROLOGY/HYDRAULICS ANALYSES

SECTION 1 – EXISTING HEC-RAS ANALYSIS

1.0 Methodology

The hydraulic study of the restoration area was performed, using the Army Corps of
Engineers HEC-RAS computer program, Version 4.1. The HEC-RAS program
computes water surface profiles for steady gradual varied flow in natural or man-
made channels.  The program is capable of modeling subcritical, supercritical and
mixed flow regime water profiles.  The effects of various obstructions such as
bridges, culverts, weirs and structures in the floodplain may be considered in the
computations.  The computational procedure is based on the solution of the one-
dimensional energy equation with energy loss due to friction evaluated with
Manning’s equation.  The computational procedure is generally known as the
Standard Step Method.  The program is also designated to evaluate floodway
encroachments and to designate flood hazard zones and has the capabilities to
assess the effects of channel improvements and levees on water surface profiles.
A more detailed explanation of the computational procedures used in the HEC-RAS
program and its capabilities is provided in the HEC-RAS user’s manual prepared by
the US Army Corps of Engineers (January, 2010).

1.1 Existing Cross Section Data

Twenty six (26) existing condition cross sections were generated from  a
combination of (1) 2012 surveyed topography (Integrated Engineers, LLC) and (2)
available GIS ‘Light Detection and Ranging’ (LIDAR) two foot topography (2010
KDOW). Cross sections were located approximately every 200 feet between the
bridges at Interstate 65/75 and Citation Boulevard.  These cross sections were the
basis of the existing conditions hydraulic model.  Ground points were selected at all
break points along each cross section in order to numerically describe the cross
section within HEC-RAS.  Break points were designed by offset and elevation.
Cross sections were oriented left to right looking downstream.

1.2 Manning’s Roughness Coefficient

Manning’s roughness coefficient, n, estimates the resistance to flow in a given
channel or along a given surface.  The major factors that influence the value of ‘n’
are the channels’ surface irregularities, variations in shape and size of the channel
cross sections, obstructions, vegetation and channel sinuosity. Roughness
coefficients used in the HEC-RAS model were assigned based on field
investigations and engineering judgment, following guidelines established by Chow
(1959) and the United States Geological Survey (USGS) publication by Arcement
and Schneider (1989).  Table 1 lists the roughness factors used in the existing
models.
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Table 1 Manning’s ‘n’ Values
Description of Terrain Manning’s ‘n’ Value Source

Bare stream bank 0.047 Chow
Channel bank with Trees 0.07 USGS

Channel 0.035 Rivermorph calculations based on
Limneros and field identified D84 and

cross section, USGS
Well Maintained overbank grass 0.035 Chow. USGS

1.3 Boundary Conditions

The 2008 FEMA Flood Insurance Study (FIS) study number 210067V002A and the
FEMA HEC-2 model for Cane Run give water surface elevation conditions at the
Interstate 75 bridge that could be used as a downstream boundary condition.
However discrepancies of up to 2 feet were observed between the ground elevation
of the published FEMA FIS Study profiles and the conducted survey. A drop of 2
feet in water surface elevation at the Interstate 75 bridge is observed in the
published FEMA FIS profiles, which suggests that a critical depth boundary
condition can be used at this location. However, the Legacy Trail bridge located
upstream of the Interstate 75 bridge controls the water surface elevation on all
upstream cross sections. This is a fortunate condition, because regardless of the
downstream boundary condition chosen the model predicts the same water surface
profiles upstream of the Legacy Trail bridge. Thus, a downstream starting water
surface elevation for subcritical modeling was assumed as normal depth below work
area. A field-measured stream slope (bankfull slope) was used to set “boundary”
conditions for the normal depth approach.  The upstream boundary condition was
modeled similarly. The HEC-RAS model was run using the mixed flow option, which
allows the model to determine whether subcritical or supercritical flow governs at
each cross section.

1.4 Peak Discharges

H&S utilized peak flows as noted under Table 2 for various return intervals based on
flow data taken from the 2008 FEMA FIS. In addition, several flow values up to the
ten-year discharge were run through the model to estimate a ‘channel filling’ flow
value. We estimate that between 300 cfs to 600 cfs fills the channel, depending on
location and is approximately equivalent to the two-year storm (see previous 2-year
storm estimates, Table 1).

Table 2 Peak Flow Discharges Used in the HEC-RAS model
Event Peak Flow (cfs) Notes
10-year 2,758 Source: FIS
50-year 3,959 Source: FIS
100-year 4,570 Source: FIS
500-year 5,799 Source: FIS
‘Bankfull’ estimate1 165 Source: Bluegrass Regional Curve

for Kentucky (KDOW – 2007)1

Six flow events 100, 300, 600, 1000,
1200 and 2000 cfs

Purpose: to approximate the flow
necessary to fill the existing channel

1Qbkf=27.9*Drainage Area^0.98
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1.5 Expansion/Contraction Coefficients

Expansion and contraction coefficients are used to compute energy losses
associated with changes in the shape of stream cross section (or effective flow
areas).  The loss due to expansion is usually much larger than the contraction loss,
and losses from short abrupt transition are larger than losses from short gradual
transactions.  Typical values for gradual transitions are 0.1 and 0.3 (contraction and
expansion, respectively) and the corresponding values at culverts and bridges are
0.3 and 0.5 (contraction and expansion respectively).  H&S used the typical values
noted above in the HEC-RAS study presented herein, and culvert assumptions were
used as necessary for the various bridge crossings within the project area.

1.6 References

Arcement, George J. Jr, and V. R. Schneider. Guide for Selecting Mannin’s
Roughness Coefficients for Natural Channels and Flood Plains. United States
Geological Survey Water-Supply Paper 2339, 1989.

Chow, Ven Te. Open Channel Hydraulics. New York: McGraw-Hill, 1959

Federal Emergency Management Agency. Flood Insurance Study Lexington-Fayette
Urban County Government, Kentucky, All Jurisdictions. Flood Study Number
210067V002A, Revised September 17, 2008.

SECTION 2 – HYDROLOGY AND WATER QUALITY ANALYSIS

2.0 Software and Methodology

The rainfall runoff model Hydraflow Hydrograph version 3.5 software was used to
determine peak discharges and runoff volumes from each design storm.  Design
storms were developed with a computational interval ranging from 2-5 minutes. The
SCS unit hydrograph procedure was utilized in this study. Hydrologic parameters
such as Watershed area, Curve Number (CN) and Time of concentration were
derived from the Cane Run watershed study performed by PEH Engineers in 1998
for the University of Kentucky. Drainage areas not mentioned in the aforementioned
study were delineated using the two-foot contour mapping and Lidar data supplied
by the city.  The percentage of impervious area for each watershed was back
calculated using the curve number, with the assumption that the curve number is a
weighted average between CN=98 (for impervious areas) and the standard CN
value for “open space in good condition”. The percent impervious value calculated
was 60%.

Rainfall data for the 1, 2, 10, 25 and 100-year, 24-hour SCS Type II rainfall events
was obtained from “NOAA Atlas 14, Vol. 2, Ver.3 – Precipitation Frequency Atlas of
the United States,” (Bonnin, et al., 2004). Rainfall Depths for the storm events used
in this study are listed in Table 3.
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Table 3 Rainfall Depths for 24-hour Storm Duration

Storm
Event Rainfall Depth (in)

1-Year 2.50

2-Year 3.10

10-Year 4.37

25-Year 5.10

100-Year 6.81

2.1 Wetland Design Considerations (Water Quality Control)

The proposed wetlands are designed to hold and treat the required water quality
volumes based upon current LFUCG design guidelines. The water quality volumes are
calculated using the water quality design criteria stated in Chapter 10 of the LFUCG
stormwater manual. The water quality depths was derived from Table 10-1 (LFUCG
stormwater manual) based on the percent impervious area of contributing watershed.
The water quality volume (CF) was calculated by applying the water quality depth to the
drainage area.

Alternate #1

Alternate 1 is proposed at the downstream section of the bridge crossing McGrathiana
Drive. This alternate contains a series of wetland step pools designed to carry and treat
the required water quality volume before discharging flow into a proposed fishing pond.

The first wetland (6a) is designed as a flow diversion pond; it contains two outlets for
directing the flow. The first outlet is 18” pipe sized to carry the water quality volume to
the next wetland (6b). The second outlet is a broad crested weir sized to discharge the
overflows resulting from higher rainfall events. Wetland 6b also contains two outlets, 15”
pipe sized to carry water quality volume to wetland 6c and broad crested weir sized to
discharge overflows. The overflows from wetland 6a and 6b will be discharged into
wetland 7, which will flow under the existing Legacy Trial pedestrian bridge.

The required water quality volumes per LFUCG’s standards is directed from wetland 6a
to wetland 6b then to wetlands 6c, 6d and 6e through pipes.  Flow from wetland 6d will
discharge into the fishing pond after passing through a swale section. The fishing pond
is designed to hold the water quality volume. The flows in the pond are controlled by a
15” riser structure, which discharges flows from higher rainfall events and through a
headwall on the other side of Legacy Trail. The water quality volumes for the wetlands
are shown in Table 4, below.
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Table 4 Alternate 1 Wetland Water Quality Volumes

Basin
Storage Volume

(ac.ft)

Wetland 6a 1.07

Wetland 6b 0.56

Wetland 6c 0.41

Wetland 6d 0.40

Wetland 6e 0.68

Wetland 7 0.83

Fishing Pond 4.56
2.1.2 Alternate #2

Alternate 2 consists of two major wetlands designed to carry and treat flows coming from
the existing 42” and 48” pipes crossing the McGrathiana Drive. Wetland 16 is designed
to receive the flows coming off from 48” pipe whereas wetland 18 is designed to receive
flows discharging from 42” pipe.

A sediment forebay is proposed at the outlet of 48” pipe to dissipate flows before
discharging flows into wetland 16. The forebay is sized to hold 0.25 inches of runoff per
impervious acre of contributing area. From the forebay area, low flows discharge into a
meandering flow path with deeper pools before leaving the wetland system under
Legacy Trail. During high flow events, water flows over the emergency spillway and
leaves under Legacy Trail.

Wetland 18 treats the water quality volume before discharging under Legacy Trail.

Table 4 Alternate 2 Wetland Water Quality Volumes

Basin
Storage Volume

(ac.ft)

Wetland 15 1.90

Wetland 18 0.55

SECTION 3 – TWO-DIMENSIONAL HYDRODYNAMIC MODELING

3.1 Introduction

This study is a subcomponent of a broader study by CDP Engineers, Inc (CDP) of
Lexington, Kentucky to complete a stream restoration project on Cane Run Creek in the
Coldstream Research Park in Lexington, Kentucky. The design approach for this
restoration and preservation project was to utilize 2-D modeling to evaluate boundary
shear stresses (BSS) under a range of flows on the channel, stream banks, and
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floodplain.  This analysis would aid in the design of the project by assessing the
vulnerability (i.e. BSS) of the modified geometry.

The specific objectives of this study were to:

1. Collaborate with CDP to evaluate restoration configurations of the channel
and floodplain using the 2-D model. The collaboration included identifying
vulnerabilities of preliminary channel and floodplain configurations and
providing recommended design refinements based on 2-D model results.

2. Evaluate the BSS distribution for the proposed floodplain and channel for a
series of steady flows up to the 100 year recurrence interval flow.

3. Evaluate the BSS for the proposed floodplain and channel for the rising limb
of a 100 year flow event.

This report summarizes the results of the 2-D modeling.

Site Description

Cane Run Creek is a tributary to the North Fork of Elkhorn Creek that lies within the
Kentucky River Watershed. The reach of Cane Run Creek modeled lies with the
Coldstream Research Park. The study area of the 2-D model extends from a point
approximately 500 feet upstream of the Citation Boulevard bridge to the downstream
limit at the Northernmost point on the I-75 bridge (Figure 1, page 16). The contributing
drainage area of Cane Run Creek at the upstream and downstream limits are
approximately 5.3 mi2 and 7.6 mi2, respectively.

3.2 Modeling Approach

2-D Numerical Hydrodynamic Modeling and Pre- and Post-Processing Software

The two-dimensional hydrodynamic modeling software TUFLOW release 2010-10-AA
(TUFLOW 2010) was used to estimate BSS distributions for each restoration
configuration. TUFLOW is a computation program that applies the finite difference
method (FDM) to solve the time-dependent systems of equations describing two-
dimensional depth-averaged surface-water flow. The software Surface-water Modeling
Solution version 10.1 (SMS 10.1) from AQUAVEOTM was used as a pre-processor to
develop and generate input files and a post-processor to visualize results from the
numerical computations generated from TUFLOW. TUFLOW requires a computational
grid that specifies points where model input parameters are specified. A series of flow
equations are solved based on a surface model elevations, roughness coefficients, and
boundary conditions that specify the upstream flow input and downstream water surface
elevation. TUFLOW computes BSS, flow depth, water surface elevation, flow velocity,
and unit discharge at the grid points based on the specified input parameters.
Topographic and BSS contour plots were created from the computed results using SMS.

Computational Grid
The finite difference routine of the 2-D model required the development of a computation
grid of equally spaced computational points. The spacing of the grid points was
approximately 9.84 ft resulting in approximately 125,000 computational nodes. This grid
spacing is adequate for evaluating BSS on the floodplain surface and much of the
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channel bed; however, a finer resolution of computational points would be necessary for
a more complete assessment of the channel bed. The coarse grid spacing used in the
model study to this point was necessary to efficiently and effectively develop and
evaluate vulnerabilities for floodplain design alternatives.  A more complete evaluation of
the channel as well as upstream and downstream transition vulnerabilities will require
modeling with a finer grid resolution than has been possible to this point.

Model Roughness

Surface roughness can be represented in the model using the Manning roughness
coefficient. Roughness values can be applied to any area of the model; however, the
modeling of BSS is highly sensitive to roughness values and abrupt changes in
roughness can lead to problems in identifying vulnerabilities. Given that the purpose
of the modeling is to determine potential restoration vulnerabilities the Manning
roughness value for the stream banks and floodplain within the restoration area were
assigned the same value because the use of a consistent n value over all of these
features within the proposed restoration allows a comparison of BSS that is primarily
driven by flow distribution rather than changes in roughness. For this reason a
Mannning n value of 0.07 was assigned to the streambed, stream banks and
floodplains within the restoration. This approach leads to a conservative estimate of
BSS that is warranted for the determination of potential stress vulnerable regions of
channel and floodplain.

The Manning roughness values upstream and downstream of the restoration were
assigned a value of 0.05 for the channel bed and 0.07 for the floodplain and channel
banks.

Upstream Boundary

Rapid 100 yr peak flow hydrograph

Flow was input to the model through the upstream boundary (flux boundary
condition) approximately 500 ft upstream of Citation Boulevard. TUFLOW is
designed to simulate unsteady flow. To simulate a steady flow (non-varying hydraulic
parameters) flow must be increased from a very small value to the peak value such
that the model does not become unstable. Rapid simulation of each topographic
configuration was enabled through use of a steep hydrograph that ramped up flow
from zero to the peak value over a two hour period. Steady flow conditions were then
achieved by holding the peak flow constant over a second two hour period. The 100
year flow for the downstream end of the model, 4732 cfs, was used as the peak flow.
The evaluation of BSS was made during the simulated steady flow at the end of the
four-hour period for all floodplain and channel configurations.

Stepped Hydrograph

A stepped hydrograph (Table 5 below and Figure 2, page 17) was used to more
thoroughly evaluated the recommended design topography for several different
steady flows. The BSS distribution was evaluated at the end of each period of
constant flow input: end of hours 1.5, 3, 5, 7, 9 and 11. Because the change in flow
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between each step was much less than that of the rapid hydrograph, the steady input
time period was reduced to 1.5 hours.

Table 5.  Stepped Input Hydrograph
Time
(hrs)

Flow
(cfs)

0 0
0.5 500
1.5 500
2 1000
3 1000

3.5 2000
5 2000

5.5 3000
7 3000

7.5 4000
9 4000

9.5 4732
11 4732

Rising Limb 100 yr Hydrograph

The recommended design topography was further evaluated using a simulated rising
limb of a 100 yr flow hydrograph (Table 6 below and Figure 2 page 17). The
hydrograph was developed using continuously recoded data from USGS Cane Run
gage 03288200 located at Berea Road near Donerail, KY. The gage was located
approximately 2.5 miles downstream of the site on Cane Run Creek. The
approximately six-year period (February 17, 199 to September 30, 2005) of data was
examined to locate the peak flow and associated hydrograph. The peak flow of 3420
cfs that occurred on May 30, 2004 was found to be the highest magnitude flow from
the period of record. The model input hydrograph was created by scaling observed
flows by the ratio of estimated peak 100 yr flow (4732 cfs) to the observed peak flow
(3420 cfs).

The 19.2 mi2 watershed size at the gage was substantially larger than at the project
site. In modeling the final design the input hydrograph should be modified to account
for effect of large difference in watershed size on the shape of the rising limb of the
hydrograph.
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Table 6. Input Rising Limb Hydrograph
Time
(hrs)

Flow
(cfs)

Time
(hrs)

Flow
(cfs)

0 35 2.7 1201
0.5 141 2.8 1271
0.6 141 2.9 1413
0.7 141 3 1483
0.8 141 3.1 1519
0.9 177 3.2 1624
1 177 3.3 1660

1.1 212 3.4 2013
1.2 212 3.5 2295
1.3 247 3.6 2578
1.4 283 3.7 2719
1.5 318 3.8 2931
1.6 353 3.9 3390
1.7 424 4 3602
1.8 459 4.1 3849
1.9 530 4.2 4061
2 600 4.3 4273

2.1 671 4.4 4520
2.2 706 4.5 4556
2.3 848 4.6 4626
2.4 1024 4.7 4662
2.5 1095 4.8 4732
2.6 1165 6 4732

Downstream Boundary Conditions

A flow dependant water surface elevation was used as the downstream boundary
condition for hydrodynamic computations.  The boundary was placed within the
constriction of the I-75 Bridge. The model computed the downstream water surface
elevation based on a uniform flow estimate using boundary cross section parameters
and a friction slope of 0.008. This friction slope is higher than that computed by the
existing HECRAS model developed by Hazen and Sawyer at the bridge and provides a
low estimate of water surface elevation. The low estimate of water surface elevations
reduces the effect of backwater on the estimate of BSS in the project reach resulting in a
lower watersurface, higher velocities and higher BSS in the restoration. This is a
conservative approach that increases the potential for identifying high BSS
vulnerabilities and must be reexamined in the final design to ensure that this approach
does not lead to overly conservative estimate of BSS and costly measures that may
result. The reexamination would include an evaluation of the HECRAS model to ensure
accurate estimates of energy dissipation in the bridge opening.

Site Topography and Model Elevations

Elevations for each floodplain and stream configuration were entered into SMS as
triangulated irregular network (TIN). Because the computation grid and the



Preliminary Hydrology/Hydraulics Analyses
Coldstream Park Stream Restoration Project

November 2012
Page 12

associated points are at different locations, the elevations at each computation point
were interpolated from the TIN within the SMS preprocessing software.

TINs for channel and floodplain configurations were produced by CDP using
AutoCad software and modified in this study to develop the proposed channel and
floodplain configuration.    Six floodplain and channel surface configurations were
modeled. The initial draft restoration topography was based on known valley
constraints and upstream and downstream channel tie in points.  Model BSS
distribution results, costs for excavation of soil and rock, and the discovery of
additional constraints required surface topography models that included
reconfiguring of components of the floodplain and channel. Through collaboration of
the restoration team partners, the following configurations of channel and floodplain
topography were modeled:

Configuration 1. Initial constant slope floodplain with horizontal extents limited by
sewer line to the east and hillside slope to the west. In this first approximation of the
floodplain the lateral limits of the floodplain were represented by a series of very long
strait lines that did not conform to the curvature of the hillside toe on the west or the
sewerline on the east. The floodplain profile was set at a constant slope based on tie
in points located immediately upstream of Citation Boulevard bridge and at the
designated downstream project end point.

Configuration 2. Constant slope floodplain modified to maximize available width by
making the boundaries conform closely to the curvature of the hillside toe the west
and the sewer line to the east. Modifications were made to the restoration surface
topography at the Citation Boulevard bridge to conform to piers, abutment slopes
and walls. A downstream transition from excavated floodplain to the incised
downstream channel was created.

Configuration 3. Configuration 2 changed to include excavation exclusion zones to
protect two legacy trees and excavation of the adjacent hillside to maintain floodplain
stress conditions sufficiently low to allow sinuous channel pattern near the legacy
trees. Downstream transition geometry modified to streamline transition. Sinuous
channel was created with dimensions from Bluegrass regional curve report.

Configuration 4. Floodplain slope was decreased to reduce floodplain excavation.
The reduction in floodplain slope required the addition of a steep rock ramp to
transition grade to the incised downstream channel.

Configuration 5. Additional reduction in floodplain slope and increase in downstream
transition slope to further reduce excavation.  Move upstream transition downstream
of Citation bridge to avoid work under low clearance bridge.  Adjust floodplain width
to avoid excavation near newly discovered archeological protection area.

Configuration 6. – Proposed Channel and Floodplain.  Configuration 5 was modified
to flatten the floodplain and channel slope in transition downstream of Citation Bridge
and the downstream transition was modified to move the steep rock ramp section
upstream to provide improved alignment and transition to downstream un-restored
channel. Recreate channel to conform to locations of rock robs required for
floodplain grad control.

The rapid 100 yr peak flow hydrograph was used to model flow input to all 6
configurations. The proposed channel and floodplain (Configuration 6) were also
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modeled using both the stepped hydrograph and the rising limb hydrograph for the
estimated 100 yr flood.

3.3 Results and Recommendations

Results:

The results drawn from the rapid 100 yr steady flow model simulations were
consistent for all configurations. The BSS distribution of recommended proposed
restoration is shown in Figure 3 and 4 to illustrate the results provided in the
following:

1) The stress through the Citation Boulevard bridge will be high for the
estimated 100 yr event (Figure 3 page 18 and 4 page 19). This factor in
combination with consideration for the difficulty of working under the bridge
were important factors in the movement of the upstream transition located
upstream of the bridge in early configurations to a location downstream of the
bridge. The high BSS values (greater than 2 psf) during large flood events in
the transition will require rock protection. Additional modeling is
recommended to determine the final design of stream and floodplain
topography and the sizing of the rock.

2) Backwater caused by flow entering the incised channel downstream of the
proposed restoration area (Figure 3 page 18) protects the steep portion of the
downstream transition from high BSS.

3) Backwater caused by the constriction of flow entering the downstream
bridges (Legacy trail walk bridge and I-75) protects the downstream 30% of
the proposed restoration from high BSS during large floods for flows up to the
100 yr event (Figure 3 page 18).

4) Estimated BSS was relatively low, less than 1.5 psf, except in three areas
(Figures 3 page 18 and 4 page 19): 1) downstream of the Citation Boulevard
bridge, 2) around the protected area of the east legacy tree, and 3) between
the legacy tree protected areas.

5) Downstream of the restoration area (Figure 3 page 18), the channel BSS is
high from the legacy trail pedestrian bridge to the downstream side of the I-75
bridge. This is partly due to the imposed model boundary conditions;
however, field observations confirm that recent significant erosion has
occurred in this area.

The results drawn from the stepped hydrograph model (Figures 5 – 9) conducted
only on the recommended proposed restoration were consistent with the findings
from the models of all configurations provided above; however the stepped model
showed an additional specific range of flows where backwater was effective in
protecting the downstream transition and the narrow floodplain section at the
archeological protection area.

1) Flows in excess of 500 cfs (Figure 5, page 20) contracting into the incised
existing channel downstream of the proposed restoration (Figure 3, page 18)
create backwater that protects the steep portion of the downstream transition by
reducing upstream BSS.
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2) Flows from 2000 cfs to the 100 yr event flow (Figures 7, 8 and 9, pages 22,
23, and 24) contracting into the downstream bridges (Legacy Trail Pedestrian
bridge and I-75 bridge) create backwater that protects the downstream
portion of the restoration by reducing upstream BSS. This effect increases
with discharge to maximum protection of approximately 30% of the proposed
restoration length at the 100 yr flow level.

The results drawn from the Rising Limb 100 yr Hydrograph model conducted only on
the recommended proposed restoration were consistent with the findings from the
models of all configurations provided above and the stepped hydrograph model;
however the rising limb model showed that the downstream transition may be
vulnerable to high BSS prior to the development of backwater effects (Figure 10,
page 25). At flows less than approximately 300 cfs, backwater created by flow
entering the contraction created by the transition from the restoration to the
downstream unrestored channel are minor and do not protect the streambed in the
steep transition from the upstream restored floodplain to the downstream unrestored
channel. Further examination of this problem should be examined in the final design
including additional refinement of the modeling and the determination of appropriate
bed and bank protection.

Recommendations:

1) The transition from Citation Bridge to the recommended proposed restoration
requires protection from high BSS during larger flood events. Additional and
more refined modeling should be conducted to determine the extent and size
requirement of the protection.

2) The transition from the recommended proposed restoration to the
downstream existing channel requires protection from high BSS for flow
events at the approximate 300 cfs flow. Additional and more refined modeling
should be conducted to determine the extent and size requirement of the
protection.

3) BSSs are relatively low even when the modeled flow floods the existing
floodplain. This indicates that it may be possible to further reduce excavation
by raise the channel and floodplain. Raising the floodplain and channel would
require a larger drop at the downstream transitions; however, the backwater
effects created by the downstream channel and bridges protect the transition.
Examination of additional configurations could produce and acceptable
channel and floodplain configuration that reduces the depth and, possibly, the
width of the required floodplain excavation.

4) Although much of the downstream transition is protected from high BSS because
of backwater, backwater will not prevent channel degredation if the downstream
channel incises and widens.

3.4 References

TUFLOW 2010. http://www.tuflow.com/Previous%20Tuflow%20Releases.aspx)

University of Maryland Department of Civil and Environmental Engineering and Maryland
State Highway Administration (UMD and MDSHA). 2010. GISHydro: A GIS-Based
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Figure 1. Plan View of Model Area. Red box represents area of computation mesh. Gray area represents active
computational area.
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Figure 2. Upstream Boundary Input Hydrographs
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Figure 3. BSS distribution of 4723 cfs flow.
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Figure 4. View looking North and downstream at upstream end of recommended restoration. BSS distribution of
4723 cfs flow. Orange line represent sewer line. Legacy trees represented by orange circles above middle of
figure.
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Figure 5. BSS distribution for 500 cfs flow.
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Figure 6. BSS distribution of 1000 cfs flow.
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Figure 7. BSS distribution of 2000 cfs flow.
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Figure 8. BSS distribution of 3000 cfs flow.
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Figure 9. BSS distribution of 4723 cfs flow.
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Figure 10. View looking North and downstream at downstream transition from the restroration to the the
downstream incised channel. The BSS is greater than 1.7 for a 318 cfs flow over the rock ramp. Higher flows
cause backwater from the incised downstream channel and result in a reduction in BSS.


