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1. Introduction
1.1 Project Description
The I-95 / State Road (SR) 9 project is intended to enhance the efficiency of I-95, recognizing its
importance to the larger transportation network within the State of Florida as part of the Strategic
Intermodal System (SIS) and to be consistent with other adjacent capacity projects. The
construction of the express lanes and/or general-use lanes will require the I-95 Bridges over the
C-9 (Snake Creek) Canal to be widened. There are two bridges within this project: the bridge
number for the northbound bridge is 870093 and the bridge number for the southbound bridge is
870094. The project is located within Miami-Dade County. The location of the I-95 Bridges over
C-9 Canal is shown in Figure 1.

This bridge replacement project is at the Project Development and Environment (PD&E) study
phase, and the design of the bridges is not finalized yet.

The datum used in this project is based on the North American Vertical Datum of 1988 (NAVD
88).

1.2 Purpose
This Bridge Hydraulics Report provides a preliminary evaluation of the hydrologic and hydraulic
impacts of replacing the existing, six-lane northbound bridge and five-lane southbound bridge
over Snake Creek Canal (C-9 Canal East). The existing bridges are proposed to be replaced with
single span bridges with prestressed beams (no piers in the water) for capacity improvements at
this stage of the project development. The analysis contained within this report was completed in
accordance with the requirements outlined in the Florida Department of Transportation (FDOT)
Drainage Manual dated January 2023 and the FDOT Bridge Scour Manual dated June 2022. This
report will show that the proposed bridge design meets current FDOT criteria.

1.3 Bridge and Canal Information
Each of the existing I-95 Bridges over the C-9 Canal is comprised of four 33-foot spans yielding
an overall length of 132 feet. The bridges were originally constructed in 1948, widened in 1968,
in 1983 and again in 2014. The bridge widening proposed as a part of this roadway improvement
project will increase the low member elevation in the current design stage.

The bridges are proposed to be replaced by single span bridges with prestressed beams as of
the preliminary design stage in this project. The proposed bridges will span over Snake Creek
Canal, and there will be no piles needed for supporting the new bridges. So, under the proposed
condition, the piles of the existing I-95 bridges will be removed from Snake Creek Canal.

The recommended draft bridge design proposes raising the superstructure over the Snake Creek
Canal higher than the existing bridge. This will increase elevation of the bridge low girder from
6.91 (NAVD 88) feet to 16.24 feet. The profile grade of the bridge will be raised 9.33 feet to
accommodate the increased beam depths required for the longer spans. In the proposed bridge
design, the low member elevation will meet a ten-feet minimal vertical clearance requirement over
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the proposed Snake Creek Trail. Please refer to Figure 1 for a plan view of the proposed main 
bridge crossing of the C-9 Canal. The size and the limits of the riprap revetment are estimated for 
the proposed bridges over C-9 Canal. Please refer to Section 6 and Appendix C for details. 

The Snake Creek Canal (C-9 Canal) is a controlled canal owned and maintained by the South 
Florida Water Management District (SFWMD). The purpose of the C-9 Canal is to provide flood 
protection and drainage for the C-9 Basin, to supply irrigation and municipal water for the basin 
and to maintain a groundwater table elevation that will prevent saltwater intrusion into the local 
groundwater. The I-95 bridges over the C-9 Canal are located between control structures S-29 
and S-30, which are both gated spillways (See Appendix A for the control structure locations).   

The peak flood of record on C-9 Canal is a 50-year flood magnitude, and it occurred on April 2, 
2000, with a peak flowrate of 3,616 cfs (derived from recorded Station S-29 flowrate from 1985 
till date). This is the largest flood of record indicated in the past 38 years of gage readings (see 
Appendix A). 

 

1.4 Floodplains 
The C-9 Canal is not a regulated floodway and no other regulatory floodway exists within the 
project limits. FEMA has defined the areas directly downstream and upstream of the I-95 Bridges 
as Zone AE with a base flood elevation of 6.5 feet (NAVD 88). The FEMA Flood Insurance Rate 
Map for the project area have been included in Appendix A. 

 

1.5 Rules and Regulations 
Since the C-9 Canal is a controlled canal owned and maintained by SFWMD, the design and the 
construction of the proposed I-95 bridge will be coordinated with SFWMD. The documentation 
contained within this report shows that the proposed design meets current FDOT criteria, as well 
as SFWMD canal crossing criteria. 
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Figure 1.  Bridge Location Map
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2. Hydrologic Analysis
2.1 Drainage Basin
This bridge replacement project is located within the C-9 Basin. The drainage basin has a
drainage area of approximately 98 square miles, and it can be divided into two sub-basins, which
are C-9 East Basin and C-9 West Basin. The SFWMD Basin Map for the sub-basins is provided
in Appendix A. The C-9 Canal drains into Dumbfoundling Bay approximately 3 miles downstream
of the proposed I-95 Bridge over C-9 Canal project location. The land use for the C-9 Basin is
mostly developed urban area. As stated in Section 1.3, the I-95 bridge over the C-9 Canal is
located between two control structures. S-29 is a gated spillway located downstream of the project
just east of US 1. A headwater stage of 2.0 feet is maintained at S-29. S-30 is located upstream
of the project, which is a gated spillway located west of US 27.

2.2 Peak Flow and Design Frequency
The guidelines set forth in Section 4.3.1 of the FDOT Drainage Manual dated January 2023 were
used to determine the design storm for this analysis. According to the manual, the I-95 over C-9
Canal Bridges are on the mainline interstate roadway, so the 50-year storm event is to be used
as the design frequency storm. According to Section 4.9.2.2 in the FDOT Drainage Manual, the
scour evaluation at the proposed bridge location would be using 100-year storm, and the scour
design check flood frequency is using 500-year storm.

Based on the information provided in the SFWMD Permit No. 85-00070-S (dated May 2, 2012)
documentation (see Appendix B) for the existing I-95 bridges across C-9 Canal, the flow data
used in the original Hydrologic Engineering Center’s River Analysis System (HEC-RAS) hydraulic
model for the I-95 crossing were listed below in Table 1.

FEMA recently did a preliminary report for revising the Flood Insurance study (12086CV001B,
002B and 008B) dated February 25, 2021, and the flowrates for the 50-year, 100-year and 500-
year storm have also been summarized in Table 1 for comparison with the SFWMD Permit No.
85-00070-S in 2012. It can be observed that the FEMA flowrates for 50-year and 100-year storm
are higher than the BHR reported ones in 2012, and the 500-year storm flowrate is lower than the
original reported one.

Table 1.  Flowrates at the I-95 Bridges

SFWMD Permit 85-
00070-S Flowrate (cfs)

FEMA (I 95 EXPY &SR 9)
Flowrate (cfs)

50-yr FDOT design storm 2972 3849
100-yr 3395 4117
250-yr 4200 N/A
500-yr 5777 4769
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3. Hydraulic Analysis
3.1 General Hydraulics Information
Due to the limit information available at the current PD&E stage of this bridge replacement project,
the HEC-RAS hydraulic model for the I-95 bridge over C-9 canal in SFWMD Permit No. 85-00070-
S was used for evaluating the water surface profiles for the 50-, 100- and 500-year storm events
(See Appendix B for the original printout of the HEC-RAS model). Based on the new FEMA
preliminary report for revising the Flood Insurance study as shown in Table 1, the water surface
elevation can be interpolated from the available data derived from the SFWMD permit in 2012.
No HEC-RAS water surface profile analysis was performed for the proposed conditions.

3.2 Model Calibration and Results
The correlation of water surface elevations with flowrates obtained from the 2012 HEC-RAS
model at the location of the I-95 Bridges over C-9 Canal (inside bridge cross section 515+06.02
upstream in the model) were used for developing a regression line. A linear relationship between
the flowrate and the water surface elevation was established, and the coefficient of determination
(R2) is 0.994, which indicates that the linear model can perfectly predict the outcome (Figure 2).

Figure 2.  Linear Regression Relationship between Flowrates and Bridge Stage

The water surface elevations calculated by the above regression method have been summarized
in Table 2 below. Since the FEMA peak discharge flowrates for 50-year and 100-year are higher
than the SFWMD 2012 data, this water surface elevation is higher compared with SFWMD,
though lower compared with the FEMA report.. However, for the 500-year peak discharge, the
flow rate is smaller than the SFWMD permit data, and the water surface elevation is calculated
lower than the original one reported in the SFWMD Permit. The preliminary results from the FEMA
revised flood insurance study are also listed in Table 2 for comparison. The differences of the
water surface elevations derive from different hydraulics models and hypotheses these two
studies were using. It will be further studied once the FEMA XP-SWMM model is available for this
bridge replacement project.
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Table 2.  Water Surface Elevation Results at the I-95 Bridges

SFWMD Permit
85-00070-S

FEMA 2021 Study

Peak
Discharge

(cfs)

Stage (in
2012

BHR) (ft)

Peak
Discharge

(cfs)

Stage
(Interpolated

from 2012 BHR)
(ft)

Stage (in
FEMA

Report) (ft)

50-yr FDOT
design storm

2972 1.82 3849 2.63 5.70

100-yr 3395 2.26 4117 2.90 6.50
250-yr 4200 3.29 N/A N/A N/A
500-yr 5777 4.72 4769 3.55 7.70

According to the SFWMD requirements, a minimum vertical clearance of 2 feet above the Design
Water Surface Elevation (determined from the 50 yr Design Storm) or 6 feet above the Optimum
Water Surface Elevation (= Normal High Water Elevation), whichever produces the higher
elevation, should be maintained at the I-95 Bridge Crossing over the C-9 Canal. FDOT requires
that the minimum vertical clearance between the design flood stage and the low member of a
bridge is 2 feet, and 6 feet above the control elevation for regulated/controlled lakes and canals,
which in this case is the same as the Normal High Water Elevation. Vertical clearances for the
existing and proposed I-95 bridges are calculated and provided in Table 3.

Please note that the low member elevation of the proposed bridge is 16.24 ft at this preliminary
design stage, while the low member elevation of the existing bridge is 6.91 ft. The normal high
water (NHW) elevation at the location of the bridges is set to be at 0.43 ft to be consistent with
the SFWMD 2012 Permit. To be conservative, the new NHW elevation (last column in Table 3) for
the C-9 Canal at the location of the bridge is set to be 3.10 ft (10-year storm event as reported in
FEMA Report, see Appendix B for reference). The use of the 10-year storm event NHW Elevation
of 3.10 ft is a conservative estimate when compared to the actual NHW Elevation of 0.43 ft as
presented in the SFWMD 2012 Permit. The use of Elevation 3.10 ft will also bring the design
consistent with the criteria set forth in the FEMA Study. As the clearance shown in Table 3, the
improvements project will meet the above mentioned SFWMD and FDOT clearance requirements
under either condition. A further study is needed when the FEMA hydraulics model is available to
us.

Table 3.  Vertical Clearances at the I-95 Bridges

Existing (SFWMD
Permit 85-00070-S)

(ft)

Proposed (using
2012 BHR NHW)

(ft)

Proposed (using FEMA
Reported 10-yr WSE as BHW)

(ft)
Above Normal

High Water
6.48 15.81 13.14

Above 50-year
Design Storm

5.09 13.61 10.54

Garcia, Juan
Typewriter
(NHW=0.43')

Garcia, Juan
Typewriter
(DHW=1.82')

Garcia, Juan
Typewriter
(NHW=0.43')

Garcia, Juan
Typewriter
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(6' min. reqd.)

Garcia, Juan
Typewriter
(6' min. reqd.)

Garcia, Juan
Typewriter
(2' min. reqd.)

Garcia, Juan
Typewriter
(2' min. reqd.)

Garcia, Juan
Typewriter
(2' min. reqd.)

Garcia, Juan
Typewriter
1 - Taken from 2012 BHR (see Appendix B)
2 - Taken from FEMA Flood Insurance Study (see Appendix A)
3 - Taken from BHRS in 2012 BHR (see Table 2 and Appendix B)
4 - Taken from Linear Regression Relationships (see Figure 2 and Table 2)
5 - Taken from FEMA Flood Insurance Study (see Appendix A)

Garcia, Juan
Typewriter
1

Garcia, Juan
Typewriter
3

Garcia, Juan
Typewriter
1

Garcia, Juan
Typewriter
1

Garcia, Juan
Typewriter
1

Garcia, Juan
Typewriter
4

Garcia, Juan
Typewriter
5

Garcia, Juan
Typewriter
2

Garcia, Juan
Typewriter
(LOW MEMBER EL. = 6.91)

Garcia, Juan
Typewriter
(LOW MEMBER EL. = 16.24)

Garcia, Juan
Typewriter
(LOW MEMBER EL. = 16.24)

Garcia, Juan
Stamp
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4. Channel Excavation
Since the proposed project improvements do not require any alterations to the existing channel
geometry, therefore, no channel excavation is required. The piles supporting the existing I-95
bridges will be removed from C-9 Canal since the new bridges are proposed without using piles.
The proposed bridges are single span bridges with prestressed beams, and the coordination with
SFWMD will be needed for removing the existing piles. The channel should be returned to its
normal condition after the removal of the piles.

5. Scour Estimation
No electronic version of the floodplain was available at the time of this report. A request to FEMA
will be made to provide an electronic version of the regulatory floodplain model for the benefit of
future design phases. For this phase, scour calculations were made using a pdf copy of the 2012
BHR (see Reference 3).

5.1 General Scour Analysis Information
Scour for both the scour design flood event (100 year storm) and the scour check flood event
(500 year storm) were calculated at the I-95 Bridges. The scour estimation flood events were
selected based on Table 4.2 in Section 4.9.2.2 in the FDOT Drainage Manual (January 2023).
Typically, the total scour is the sum of the long-term scour, the contraction scour and the pier
scour. However, since the C-9 Canal is a controlled canal that is maintained on a regular basis
and the channel cross sections do not indicate the presence of long-term scour, general scour
was not considered as part of this analysis.

5.2 Contraction Scour Analysis
The contracted section can be represented as the downstream end of the bridge where the flow
is still contracted. The main channel section is considered to be about one bridge length upstream
where the flow is uniform and not influenced by the bridge contraction. Both of the existing I-95
bridges have a length of 132 feet. The stream cross-sections at Section 516+91.44 and Bridge
Section 515+06.02 are, therefore, taken as the normal and contracted sections respectively.

The abutments are located at the edge of the main channel indicating a flow condition similar to
Case 1b in HEC-18 Figure 6.2.

Due to the increase of the 100-year peak discharge recently reported by FEMA preliminary flood
insurance report as shown in Table 1, the 250-year peak discharge used in the HEC-RAS model
of the original 2012 BHR was used for the new scour computation of the 100-year storm event in
this report. The FEMA 500-year peak discharge is less than the original 2012 HEC-RAS model,
to be conservative, the larger flowrate of 5,777 cfs is used in this report for the contraction scour
analysis for the scour design check flood frequency of 500-year storm, which is required by FDOT.

Due to the lack of geotechnical investigation for the project at this stage of design, the soil particle
D-50 value utilized in the scour calculations at the I-95 Bridges is 0.25 mm. The grain size
distribution curves are provided in Appendix B, which were investigated in the 2012 BHR for the
bridge widening project. The soil boring information and laboratory test will be necessary for the
final design phase of this project.
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The next step is to determine if the contraction scour is clear-water scour or live-bed scour. To
determine if the flow upstream of the bridge is transporting bed material, calculate the critical
velocity for beginning of motion Vc of the D50 size of the bed material being considered for
movement and compare it with the mean velocity V of the flow in the main channel area upstream
of the bridge opening. If the critical velocity of the bed material is larger than the mean velocity
(Vc > V), then clear-water contraction scour will exist. If the critical velocity is less than the mean
velocity (Vc < V), then live-bed contraction scour will exist. The following equation is used to
calculate Vc:

𝑉𝑐 = 𝐾𝑢𝑦1/6𝐷1/3 Equation 6.1 HEC-18 Manual

Where, Vc = Critical velocity above which bed material of size D and smaller will be transported,
feet/s

y = Average depth of flow upstream of the bridge, feet

D = Particle size for Vc, feet

D50 = Particle size in a mixture of which 50 percent are smaller, feet

Ku = 11.17 English units

The calculated results indicate that the live-bed contraction scour exists in the main channel
(Table 4). Therefore, the modified version of Laursen’s equation (1960) for live-bed scour
(Equation 6.2 of HEC-18) is used to predict the depth of scour in the main channel section.

Table 4.  Contraction Scour Conditions for 100- and 500-Year Storm Events

100-Year 500-Year
Avg. Velocity (V) (ft/s) 1.97 2.35
Ku (English Units) 11.17 11.17
Avg depth of flow upstream
of bridge (y) (ft)

16.64 18.18

Particle size for Vc (ft) 0.00082 0.00082
Critical Velocity (Vc) (ft/s) Eq
5.1, HEC-18

1.67 1.70

Contraction Scour Condition Vc<V, Live-Bed Scour Vc<V, Live-Bed Scour

Based on the results show in Table 4, it has been determined that the contraction scour for the
main channel will be live-bed scour. The fall velocity for bed material with a particle size of 0.25
mm is around 0.035 m/sec or 0.115 ft/sec (main channel), based on Figure 6.8, HEC-18 (as shown
in Figure 3).



BRIDGE HYDRAULICS REPORT DRAFT
 Project number: FPID: 414964-1-22-01

Prepared for:  FLORIDA DEPARTMENT OF TRANSPORTATION DISTRICT VI AECOM
9

Figure 3.  Particle Fall Velocities (Figure 6.8, HEC-18 Manual)

The HEC-RAS analysis carried out for the 250-year (used for 100-year storm event here) and
500-year storm events gives average depths in the upstream main channel and the average
energy slopes between the approach section and bridge section. Table 5 below summarizes the
determination of k1.

Table 5.  Determination of k1 Factor for the Main Channel
Storm Energy

Slope
Average Depth

(y1) (ft)
Shear

Velocity (ft/s)
Fall Velocity

(ft/s)
Ratio – Shear
/ Fall Velocity

(ft/s)

k1 Sediment Movement

100-Year 0.000104 16.64 0.24 0.115 2.06 0.69 Mostly suspended bed
material discharge

500-Year 0.000135 18.18 0.28 0.115 2.45 0.69 Mostly suspended bed
material discharge

The modified version of Laursen’s equation for live-bed scour (Equation 6.2 of HEC-18) is used
to predict the depth of scour in a contracted section. Laursen’s equation for estimating scour in a
contracted section in a rectangular channel can be expressed as follows:

y2/y1  =  (Q2/Q1)6/7 (W1/W2)k1 Equation 6.2 HEC-18 Manual

ys =  Average contraction scour depth   = y2  - yo

where,

y1, y2     = Average Flow depths in the upstream main channel and the contracted section

yo = Existing depth in the contracted section before scour

Q1, Q2 = Flows in the upstream main channel and the contracted section

W1, W2 = Bottom widths of the upstream main channel and the contracted section

k1    = exponent related to sediment transport.
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This is a comparative equation, which balances the rates of sediment transport at the un-
contracted and contracted sections. The contraction scour is computed for the main channel
areas, and the results are summarized in Table 6.

Table 6.  Live-Bed Contraction Scour Results

100-Year 500-Year
Average depth in upstream main channel (y1) (ft) 16.64 18.18

Flow in the upstream channel transporting sediment (Q1) (ft3/s) 4200.00 5777.00

Flow in the contracted channel (Q2) (ft3/s) 4200.00 5777.00

Width of the upstream main channel that is transporting bed
material (W1) (ft) 190 209

Width of the main channel in the contracted section (W2) (ft) 104 127

Exponent K1 0.69 0.69

Average depth in the contracted section (y2) (ft) – Eq 6.2, HEC-18 25.21 25.65
WSEL 3.37 4.85

Average Bed Elevation -13.99 -13.99
Existing depth in the contracted section before scour (yo)(ft) 17.36 18.84

Average contraction scour depth (ys) (ft) = y2 - y0 – Eq. 6.3, HEC-18 7.85 6.81

As seen in Table 6, scour was computed for both the scour design flood event (100-year storm)
and the scour check flood event (500-year storm). These represent the total scour depths for the
proposed I-95 bridge location, since there is no long-term scour in the C-9 Canal. When
comparing the average contraction scour depth results, the 500-year scour depth is lower than
the 100-year scour depth. In this case, with not particularly high scour calculated, the higher water
depth of the 500-year storm event actually keeps the contraction scour down.

Pressure flow scour will not be considered in this study since it only applies to conditions involving
a submerged bridge superstructure. For the current analysis, pressure flow conditions are not
presented under the 100-year and 500-year storm events, so this scour situation is not presented
in this study.

Since the existing bridge piers will be removed under the proposed condition, there is no need for
the scour analysis for the piers. The existing bridge abutments are protected with riprap. The
proposed bridge abutment area will also be protected with riprap. Therefore, abutment scour was
not computed in this report.
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6. Countermeasures
Riprap was sized using HEC-23 methodology for an abutment scour protection countermeasure
for 100-yr storm event. See Table 7 for a summary table and Appendix C for detailed
computations.

𝐷50 = 𝐾
𝑆𝑠−1

ቔ𝑉
2

𝑔𝑦
ቕ 𝑦 Eq. 14.1 HEC-23 Manual

D50 = median stone diameter, (ft)

V = characteristic average velocity in the contracted section (fps)

Ss = specific gravity of rock riprap

g = gravitational acceleration (32.2 ft/s2)

y = depth of flow in the contracted bridge opening, (ft)

K = 0.89 for Spill-through abutment.

Table 7.  Riprap Sizing for Abutment Scour Protection

Left and Right Abutment
Channel Flow (cfs) 4200
Flow Area in the channel (sf) 1619.18
Depth of flow in the contracted
bridge opening (ft)

17.74

V (ft/s) 3.48
FR 0.15
D50 (ft) 0.26

Appendix C provides the design of riprap countermeasures proposed for the abutments. The
following gives a summary:

 Provide Rubble Riprap D50 = 0.5 foot (6 inches) based on FDOT Standard Sizes.

 The apron at the toe of the abutment should extend along the entire length of the toe of
extended abutments.

 The apron should extend from the toe of the abutment into the bridge waterway at a distance
equal to twice the flow depth (2 x flow depth=34.6 feet) or 25 feet, whichever is less (refer to
Figure 5).

 The apron should extend for a minimum length of twice the flow depth (2 x flow depth=34.6
feet) or 25 feet, whichever is greater, beyond the bridge on either side (refer to Figure 5).

 Provide Rubble Riprap 2.5 feet thick over filter fabric Type D-2 based on FDOT Standard.

Standard method of placement of riprap is shown in Figures 4 and 5. The detailed computation
can be found in Appendix B.
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Figure 4.  Riprap Revetment Details (DG-14 HEC-23)

Figure 5.  Scour Countermeasures at Bridge Abutment (HEC-23 Manual)
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7. Conclusions and Recommendations 
As discussed throughout this report, the proposed replacement of the I-95 Bridges over the C-9 
Canal will not adversely impact the bridge clearance along the C-9 Canal and will provide the 
FDOT required 2 feet of drift clearance above the 50-year stage. The proposed bridge design is 
such that contraction scour will not be an issue due to the riprap countermeasures being 
proposed. The abutments through the limits of the proposed replacement will be protected with 
riprap.   

The South Florida Water Magnement District (SFWMD) C-9 (Snake Creek) Canal is a Central 
and Southern Florida (C&SF) federal flood control project, and as such, a U.S. Army Corps of 
Engineers (USACE) Section 408 Civil Works Approval is required. In addition to FDOT and 
SFWMD criteria, the project will be required to meet USACE criteria consistent with the original 
canal design section and data. 

As for the limited information available at the current PD&E study stage of the project, a more 
detailed bridge hydrologic and hydraulic study will be needed when the design of the bridge is 
final, and must include information as required by the FDOT Drainage Manual Section 4.11.2.4 
for category 1 and 2 bridges. The FEMA hydraulics model is needed for the designer to evaluate 
the effect of the bridge improvement. A more detailed updated geotechnical study in the bridge 
replacement area is needed for the scour analysis. 
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Table 9: Summary of Discharges (continued) 
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Flooding 
Source Location 

Drainage 
Area 

(Square 
Miles) 

Peak Discharge (cfs) 

10% Annual 
Chance 

4% Annual 
Chance 

2% Annual 
Chance 

1% Annual 
Chance 

0.2% Annual 
Chance 

Snake Creek 
Canal (C-9) 

AQUA BOWL LAKE 88.92 3,596 4,241 4,743 5,320 6,513 

Snake Creek 
Canal (C-9) 

N GLADES DR & 
NE 167TH ST 

88.59 3,533 4,127 4,559 5,074 6,043 

Snake Creek 
Canal (C-9) 

NE 168TH ST & S 
GLADES DR 

87.28 3,528 4,118 4,549 5,061 6,022 

Snake Creek 
Canal (C-9) 

WILSHIRE POND 85.09 3,419 3,953 4,343 4,779 5,732 

Snake Creek 
Canal (C-9) 

NE 15TH AVE & NE 
171ST ST 

85.09 3,419 3,953 4,343 4,779 5,732 

Snake Creek 
Canal (C-9) 

NE 176TH TER & S 
GLADES DR 

84.88 3,417 3,951 4,340 4,775 5,725 

Snake Creek 
Canal (C-9) 

PICKWICK LAKE 82.14 3,365 3,858 4,200 4,572 5,442 

Snake Creek 
Canal (C-9) 

NE 185TH ST & SR 
860 

82.02 3,363 3,856 4,196 4,567 5,435 

Snake Creek 
Canal (C-9) 

WEST LAKE 81.75 3,171 3,589 3,849 4,117 4,769 

Snake Creek 
Canal (C-9) 

I 95 EXPY & SR 9 81.75 3,171 3,589 3,849 4,117 4,769 

Snake Creek 
Canal (C-9) 

CHAMPION LAKES 78.48 3,169 3,587 3,845 4,109 4,762 

Snake Creek 
Canal (C-9) 

SIERRA DR & NE 
3RD AVE 

76.44 2,935 3,330 3,580 3,852 4,543 

Snake Creek 
Canal (C-9) 

EAST ANDOVER 
CANAL 

75.65 2,925 3,319 3,561 3,797 4,259 

Snake Creek 
Canal (C-9) 

NE 199TH ST & 
IVES DAIRY RD 

75.48 2,925 3,318 3,560 3,795 4,255 

Snake Creek 
Canal (C-9) 

NW 2ND AVE & SR 
7 

73.29 2,727 2,975 3,136 3,313 3,515 
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Appendix A: XP-SWMM Node Location Elevations (continued) 

  Elevations (feet NAVD88) 

Flooding Source Node ID 
10% 

Annual 
Chance

4% Annual 
Chance 

2% Annual 
Chance 

1% Annual 
Chance 

0.2% Annual 
Chance 

Snake Creek Canal, C-9 B9E-12E 4.2 5.2 6.0 6.6 8.2 

Snake Creek Canal, C-9 B9E-13AE 4.1 5.2 6.0 6.6 8.2 

Snake Creek Canal, C-9 B9E-16E 3.6 4.8 5.9 6.6 8.2 

Snake Creek Canal, C-9 B9E-16W 3.7 4.9 5.9 6.6 8.2 

Snake Creek Canal, C-9 B9E-17S 3.5 4.7 5.8 6.6 8.2 

Snake Creek Canal, C-9 B9E-18N 3.2 4.4 5.8 6.5 7.8 

Snake Creek Canal, C-9 B9E-18S 3.1 4.4 5.7 6.5 7.7 

Snake Creek Canal, C-9 B9E-19S-1 3.0 4.3 5.7 6.5 7.6 

Snake Creek Canal, C-9 B9E-19S-2 3.1 4.3 5.7 6.5 7.7 

Snake Creek Canal, C-9 B9E-20AN * * * * * 

Snake Creek Canal, C-9 B9E-20AS * * * * * 

Snake Creek Canal, C-9 B9E-20S * * * * * 

Snake Creek Canal, C-9 B9E-21AS * * * * * 

Snake Creek Canal, C-9 B9E-21BN * * * * * 

Snake Creek Canal, C-9 B9E-21BS * * * * * 

Snake Creek Canal, C-9 B9E-21S 3.0 4.2 5.7 6.5 7.6 

Snake Creek Canal, C-9 B9E-23E * * * * * 

Snake Creek Canal, C-9 B9E-24E * * * * * 

Snake Creek Canal, C-9 B9E-25E * * * * * 

Snake Creek Canal, C-9 B9E-26AE * * * * * 

Snake Creek Canal, C-9 B9E-26E * * * * * 

Snake Creek Canal, C-9 B9E-6DS 4.4 5.4 6.1 6.6 8.3 

Snake Creek Canal, C-9 B9E-7E 4.7 5.5 6.1 6.6 8.3 

Snake Creek Canal, C-9 BC_S29_H(t) * * * * * 

Snake Creek Canal, C-9 BC_S29_Q(t) * * * * * 

Snake Creek Canal, C-9 BC_S29E * * * * * 

Snake Creek Canal, C-9 BC_S29H * * * * * 

Snake Creek Canal, C-9 BN9000 * * * * * 

Snake Creek Canal, C-9 BN9001 6.8 7.0 7.1 7.0 7.0 

Snake Creek Canal, C-9 BN9002 6.8 7.0 7.1 7.0 7.0 

Snake Creek Canal, C-9 BN9124 4.7 5.2 5.6 5.8 8.4 

Snake Creek Canal, C-9 BN9125 4.7 5.2 5.6 5.8 8.4 

Garcia, Juan
Typewriter
(25 YR Storm)

Garcia, Juan
Typewriter
(50 YR Storm)

Garcia, Juan
Typewriter
(100 YR Storm)

Garcia, Juan
Typewriter
(500 YR Storm)

Garcia, Juan
Typewriter
(10 YR Storm)

Garcia, Juan
Typewriter
(NHW)



Project Location

C-9 Canal



Project Location



Project Location

C-9 Canal







SFWMD Control Structure S-29 Flowrate Record
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Appendix B Excerpts from 2012 Bridge
Hydraulics Report of I-95 Bridges over
Snake Creek (C-9) Canal
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Appendix C Sizing Riprap at Abutments
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Appendix D Preliminary Proposed
Bridge Plan



SB 
I-9

5 
EXPRESS

NB 
I-9

5 
EXPRESS

SB I-
95 E

XPRESS

NB I-95
 EXPRESS

N

200

Feet

0 50

DRAINAGE SYSTEM 3 (48.545 ACRES)

C
-9
 

C
A

N
A

L

PROPOSED FD

PROPOSED FD

PROPOSED FD

(0.961 ACRES)

RETENTION AREA 8

ECOVAULT STRUCTURE

SFRTA

(0.722 ACRES)
RETENTION AREA 7

DRAINAGE SYSTEM 4 (106.243 ACRES)

$FILE$$USER$ $DATE$ $TIME$ $MODELNAME$

                                       

ROAD NO. FINANCIAL PROJECT IDCOUNTY

DATE DESCRIPTION

REVISIONS

DATE DESCRIPTION
NO.

SHEETSTATE OF FLORIDA

DEPARTMENT OF TRANSPORTATION

     ALTERNATIVE 3      

      DRAINAGE MAP      
                               

            

            
CORAL GABLES, FL 33134

2 ALHAMBRA PLAZA, SUITE 900

AECOM TECHNICAL SERVICES, INC

P.E. No.: 46597

JUAN C. GARCIA, P.E.

PERSONNEL WITH DRAINAGE CONCERNS.

FOR DOCUMENTATION AND TO ASSIST CONSTRUCTION

CONSTRUCTION PURPOSES.  THIS SHEET IS IN THE PLANS 

DO NOT USE THE INFORMATION ON THIS SHEET FOR 

M
A
T
C

H
 LIN

E
 S

T
A
. 584+

71.26

M
A

T
C

H
 
L
I
N

E
 
S

T
A
. 

6
11

+
6
0
.4

3

   5  

Garcia, Juan
Text Box
Excerpt from Project Drainage Report (for Reference)


	Appendix A
	Appendix B
	Appendix C
	Appendix D
	PART 2 CHAPTER 18
	18.1  OVERVIEW
	18.1.1 Purpose
	18.1.2 Definitions
	18.1.3 Applicability
	18.1.3.1 Type I Projects
	18.1.3.2 Type II Projects
	18.1.3.3 Type III Projects


	18.2 PROCEDURE
	18.2.1 Traffic Noise
	18.2.1.1 Noise Abatement Criteria Activity Categories
	18.2.1.1.1 Activity Category A
	18.2.1.1.2 Activity Category B
	18.2.1.1.3 Activity Category C
	18.2.1.1.4 Activity Category D
	18.2.1.1.5 Activity Category E
	18.2.1.1.6 Activity Category F
	18.2.1.1.7 Activity Category G

	18.2.1.2 Traffic Noise Impacts
	18.2.1.3 Traffic Noise Prediction
	18.2.1.4 Noise Model Requirements
	18.2.1.5 Traffic Requirements
	18.2.1.6 Receptor Data
	18.2.1.7 Noise Descriptor

	18.2.2 Analysis of Traffic Noise Impacts
	18.2.2.1 Field Measurements for Establishment of Ambient Noise Conditions
	18.2.2.2 Field Measurements for Model Validation
	18.2.2.3 Prediction of Existing and Future Traffic Noise Levels

	18.2.3 Noise Abatement Evaluation
	18.2.3.1 Traffic Noise Abatement Techniques
	18.2.3.2 Feasibility Factors
	18.2.3.2.1 Noise Reduction Factor
	18.2.3.2.2 Design and Construction Factors
	18.2.3.2.3 Safety Factors
	18.2.3.2.4 Access Factors
	18.2.3.2.5 Right of Way Factors
	18.2.3.2.6 Maintenance Factors
	18.2.3.2.7 Drainage Factors
	18.2.3.2.8 Utility Factors

	18.2.3.3 Reasonableness Factors
	18.2.3.3.1   Viewpoint of the Benefited Receptors
	18.2.3.3.2 Cost Effectiveness
	18.2.3.3.3 Noise Reduction Design Goal


	18.2.4 Outdoor Advertising Sign Impacts
	18.2.5 Community Coordination
	18.2.5.1 Community Coordination in PD&E
	18.2.5.2 Community Coordination in Final Design

	18.2.6 Noise Study Report
	18.2.6.1 Methodology and Assumptions
	18.2.6.2 Coordination Requirements and Documentation
	18.2.6.3 Documentation in the PD&E Phase
	18.2.6.4 Design Phase Considerations
	18.2.6.5 Construction Noise and Vibration Impacts

	18.2.7 Environmental Document
	18.2.7.1 Type 2 Categorical Exclusion
	18.2.7.2 Environmental Assessment with Finding of No Significant Impact
	18.2.7.3 Environmental Impact Statement
	18.2.7.4 State Environmental Impact Report

	18.2.8 Re-evaluations
	18.2.9 Design-Build Projects
	18.2.10 Projects with Concurrent PD&E and Design Phases
	18.2.11 Abatement Measure Reporting

	18.3 REFERENCES
	18.4 FORMS
	18.5 HISTORY




