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| hereby certify that | am a registered professional engineer in the State of Florida
practicing engineering with STANTEC CONSULTING SERVICES INC and that | have
supervised the preparation of and approve the analysis, findings, opinions, conclusions and
technical advice hereby reported for:

PROJECT: Pioneer Trail (CR 4118) Interchange PD&E Study from Wiliamson Boulevard to
Turnbull Bay Road in Volusia County, Florida
ETDM Number: 14193
Financial Management No.: 436292-1-22-01
Federal Aid Project Number: NA

The engineering work represented by this document was performed through the following
duly authorized engineering business:

STANTEC CONSULTING SERVICES INC
777 S Harbour Island Boulevard Suite 600
Tampa, Florida 33602-5729

Telephone: 813-221-1981

This report provides the results of a summary of data collection efforts, and limited
calculation for the existing and the proposed cross drain and floodplain evaluations
prepared for the conceptual analyses for the Location Hydraulic Report for the Project
Development and Environmental Study for Pioneer Trail from Williamson Boulevard to
Turnbull Bay Road. | acknowledge that the procedures and references used to develop
the results contained in this report are standard to the professional practice of hydrologic
analysis and hydraulic engineering as applied through the professional judgment and
experience. This document is for planning purposes only and is not to replace any effort
required for final design.

Any engineering analysis, documents, conclusions ore recommendations relied upon from
other professional sources or provided with responsibility by the client are referenced
accordingly in the following report.

The environmental review, consultation, and other actions required by applicable federal
environmental laws for this project are being, or have been, carried out by FDOT pursuant



to 23 U.S.C § 327 and a Memorandum of Understanding dated December 14, 2016 and
executed by FHWA and FDOT.

FLORIDA REGISTERED ENGINEER:
Dominique H. Rudajev, Professional Engineer, License No. 61829

DOm | N |q U Digitally signed by
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1.0 INTRODUCTION

The Project Development and Environment (PD&E) drainage design services for Florida
Department of Transportation (FDOT) District 5 for the new interchange on Interstate 95
(1-95) at Pioneer Trail (CR 4118) near Milepost (MP) 19.032 located in Volusia County,
Florida. The proposed interchange is located between two existing interchanges on I-
95 with SR 421 at MP 23.300 to the north and with SR 44 at MP 16.287 to the south. There
are three potential interchange alternatives currently being analyzed. The study area is
within Volusia County. The FDOT is proposing to add capacity to Pioneer Trail by
widening the current roadway from a two-lane undivided to a four-lane divided urban
arterial by adding one new lane in each direction. The proposed roadway along this
segment of Pioneer Trail will consist of two 12-ft travel lanes, 5-ft bike lanes and an 8-ft
sidewalk in each direction. A 22-ft median separates the eastbound and the
westbound fravel lanes. A six-lane section is also provided for deceleration and
acceleration lanes to and from the ramps as needed. The project horizontal datum is
Florida State Plane East Zone (NAD 1983), and the vertical datum is NAVD'88, which is
1.14 ft below NGVD'29 (0.00 ft NGVD'29 =-1.14 ft NAVD'88). The project is located
within Spruce Creek in the St. Johns River Water Management District (SJRWMD). See
Figure A-1in Appendix A for the Project Location Map.

Volusia County Federal Emergency Management Agency (FEMA) Flood Insurance Rate
Map (FIRM) Panel Number 12127C0517J dated February 19, 2014 was used to identify
the floodplain and floodway limits associated with this project. FEMA Flood Zone A
intermittently encroaches throughout the project area. Special Flood Hazard Zone A is
defined as “No base flood elevation determined”. Zone A are areas that have a 1%
probability of occurring (also known as the “100-year floodplain™), and where predicted
flood water elevations have not been established. Properties in Zone A are considered
to be at high risk of flooding under the National Flood Insurance Program (NFIP). The
FEMA floodplain Map is included in Appendix A, Figure A-2.

The project area is within the Spruce Creek Hydrologic basin within the jurisdiction of
SIRWMD. The existing basins conditions, onsite runoff is conveyed by means of grassed
roadside swales and cross drains. The existing roadway median along I-95 is comprised
of low-quality wetlands. Since the cross drains either discharge to or collect water from
the wetlands located in the medians, this area provides some treatment for the runoff.
There are no stormwater ponds in the existing condition except for a Wet Detention
Pond near Wiliamson Boulevard. The existing basins are open basins, which discharge
to interconnected wetlands and will drain tfo the Spruce Creek, an impaired water
body for nutrients and an Outstanding Florida Water (OFW).

Contributing areas were delineated using surveyed information and reviewing existing
permits and plans. Relevant permit information is contained within Appendix B. A field
survey to verify pipe sizes and review cross drain locations was conducted on March 23,
2020. Proposed pipe locations were determined from field review, LIDAR, and available
information including FEMA floodplains, USGS topographic information (Figure A-3,
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Appendix A), NRCS Mapped Soils (Figure A-4, Appendix A) and permits for upstream or
downstream culverts. Generally, proposed pipes were located where there are existing
open channels or depressional areas and at the proposed stormwater ponds.

The existing peak flows through the cross drains were calculated using FDOT Velocity
Method or permit information from upstream and downstream culvert. Section 3.0
Cross Drain Analysis Methodology of the report details the methods used for the input
parameters.

2.0 PURPOSE

The purpose of this Location Hydraulics Report is to assess locations of off-site runoff
towards the 1-95 at Pioneer Trail Interchange alternatives analyzed within the PD&E
Study. The intent of the I-95 at Pioneer Trail Intferchange PD&E Study is to develop a
proposed improvement strategy that is technically sound, environmentally sensitive,
and publicly acceptable. The need for the project is to meet social demands. Analysis
within this report is to provide estimated quantity and capacity to accommodate off-
site runoff needs.

3.0 CROSS DRAIN ANALYSIS METHODOLOGY

The proposed cross drains along the new interchange will be designed to allow the
offsite flow to follow the pre-development conditions. The existing basins are open
basins, which discharge to interconnected wetlands that flow from west to east and
ultimately outfalls to Spruce Creek. Refer to Figures 5 and é in Appendix A for existing
and proposed cross drains.

The Velocity Method was employed to calculate discharge rates for the design, base,
and greatest flood years which used permitted discharge rates within the Williamson
Boulevard Extension Permit, SIRWMD ERP No. 134174-1 and I-95 from SR 44 to South I-4
Permit, SIRWMD ERP No. 118421-2. The intensity for each storm event were attained
directly from the IDF curve for Zone 7. Time of concentration was calculated for the
basins. Discharge rates using the rational method (drainage areas less than 600 acres,
Q=ciA and per existing permit 118421-2) for the 25-year, 50-year, 100-year and 500-year
were calculated. Calculated discharge rates were entered in the HY-8 v 7.30 software
program.

Table 1 provides the required storm events to be analyzed for each cross drain, per the
FDOT Drainage Manual and Culvert Handbook requirements.
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TABLE 1: STORM FREQUENCY CRITERIAS

Storm Event Reason

10-year General Roadside Ditch Culverts

Pedestrian and Trail Bridge

25-year Design Flood Event
(20-year projection of AADT<1,500)
50-year High Use or Essential

(20-year projection of AADT>1,500)

Mainline Interstate and Limited Access Facilities
100-year Base Flood Event
500-year Greatest Flood Event

3.1 CULVERT DESIGN

All cross drains were designed to have sufficient hydraulic capacity to convey the 50-
year design frequency storm event and analyzed for the base flood (100-year) and
greatest flood event (500-year). In the event of overtopping the pipes were adjusted in
the post conditions to meet the 50-year design frequency.

The tailwater was assumed to be constant and utilized the more reasonable value from
the crown of pipe, previously identified tailwater elevation, or Seasonal Highwater Table
(SHWT) information obtained from field survey. The location, pipe length, and pipe
inverts for each existing cross drain were found from field survey or using LIDAR to
approximate the existing ground elevation at proposed right of way edge for each
alternative.

4.0 EXISTING CONDITIONS

4.1 PREVIOUSLY PERMITTED INFORMATION

Existing drainage basin locations and previously permitted cross drains located
upstream and downstream of the project were used to determine the sizing and flow
for the proposed cross drains. GPI conducted an initial survey on March 23 of 2020
along the study areaq; verified the location and sizing of previously permitted cross
drains. The pertinent cross drains found within the project boundaries were verified.
There is no history of flooding within the project limits.
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Table 2 provides a list of SIRWMD ERPS as well as FDOT Record Drawings reviewed for
cross drain information and locations along Pioneer Trail (CR 4118) Interchange from
Williamson Boulevard to Turnbull Bay.

TABLE 1: EXISTING PLANS WITHIN PIONEER TRAIL INTERCHANGE FROM WILLIAMSON

BOULEVARD TO TURNBULL BAY

Permit FPID Project Name Plans show
Number Number pertinent Cross
Drain?
118421-2 406869-6 I-95 (SR 44 to |-4) Yes
103479-1 Unknown Pioneer Trail Curve Realignment No
156663-1 Unknown Shell Pointe Colony No
134174-1 Unknown Williomson Boulevard South Ext. Yes
(Airport Blvd. to Pioneer Trail)

Plans showing pertinent cross drains within the project vicinity are included in Appendix

4.2 CROSS DRAINS

In developing the direction of flow for the existing conditions, we relied on the LIDAR
data, previously permitted data for the site, as-built data and survey. See Figure 5 in
Appendix A for existing cross drains.

Table 3 provides a list of the existing cross drains. The South-Offsite existing cross drain
will be abandoned in the proposed conditions.
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TABLE 2: EXISTING CROSS DRAINS

FDOT
P

Existing Cross Drain SIZE Flow US Invert DS Invert Pipe
ID Direction | (NAVD 88) | (NAVD 88) | Length

POT1A-South 2.25'x8.75' North 23.05' 22.77' 67"

POTA-01B (5) 19"x30" East 24.37' 2415 129’
PO1B-Offsite 36" RCP East 22.09’ 21.94° 278’
South-Spruce Creek (2) 7'x5’ Northeast 20.93' 20.88’ 93’

South-Offsite 30" RCP East 23.38' 22.85' 280’
South01-1-95 7'x6' Southwest 21.15° 20.76' 185
South02-1-95 7'x6' Northeast 20.63' 20.13’ 185
South 03-1-95 (2) 36" RCP | Southwest 23.35' 22.35 121
South-04-1-95 (2) 36" Southwest 22.98' 22.72' 120’
NorthO1-1-95 5'x7’ West 22.84' 21.46’ 123’
North02-1-95 S5'x7’ West 23.93' 23.10° 123’

5.0 PROPOSED CONDITIONS

5.1 ROADWAY IMPACTS

Potential floodplain impacts as a result of the construction of the 1-95 at Pioneer Trail
Interchange from Williamson Boulevard to Turnbull Bay Road in Volusia County were
reviewed along the contributing basins. Any floodplain impacts associated with the
proposed interchange will be handled during the design phase.

Encroachment of the proposed roadway on the existing 100-year floodplain at cross
drain locations and along the corridor will be mitigated by routing this volume to the
project’s proposed stormwater management facilities.

5.1.1 Longitudinal or Transverse Encroachments

Most of the encroachments will be longitudinal. However, locations near the east side
of the project is where transverse encroachments may occur. There are two FPC sites
proposed that will provide volume compensation (cup for cup) for all floodplain
impacts resulting from floodplain encroachments.

5.2 PROPOSED CROSS DRAINS

The proposed cross drains are estimated to allow the offsite flow to mimic the existing
conditions. Evaluation of the upstream and downstream condition was performed to
determine existing cross drains, flows, and patterns in order to determine the best

available information to estimate a size for the proposed cross drains. Each proposed
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cross drain will be analyzed during the design phase for their respective hydraulic
adequacy. There are 4 proposed cross drains with Recommended Alternative 3.

The proposed conditions is an update to the existing conditions using preliminary
calculations and site plans from the roadway and stormwater pond design. The
revisions were limited to only those areas impacted by the proposed roadway. See
Figure 6 in Appendix A for proposed cross drains for the Recommended Alternative.

As shown in Table 4 there are 3 proposed cross drains which will be sized and anlyzed
during the design phase.

TABLE 1: PROPOSED CROSS DRAINS AND/OR MODIFIED CROSS DRAINS

Existing Cross Drain ID SIZE Flow Pipe
Direction Length

PO1A-South 2.25'x8.75' North 110
POTA-01B (6) 19"x30" East 129’
PO1B-Offsite 48" RCP East 278’
South-Spruce Creek (2) 7'x8’ Northeast 164’
South03-1-95 (2) 36" RCP Southwest 140’
PO1B-Ramp (NEW)! To be determined East 80’
Offsite-Spruce Creek (NEW)! To be determined East 170
SouthO1-Ramp (NEW)! To be determined Southwest 80’

6.0 CONCLUSION

In summary, the existing cross drains have been evaluated for headwater impacts to
see if replacement is necessary. The drainage features will be designed in accordance
with the FDOT Drainage Manual and to better align with Section 13.2.2.1 and Figure 13-
1 of the FDOT PD&E Manual.

Additional right-of-way is anticipated for offsite floodplain compensation sites to
mitigate for impacts to the floodplain on a cup-for-cup basis and a determination to
the best location for compensation should be performed during the design phase.
Refer to the Pond Siting Report for additional information.

Therefore, it has been determined that the encroachment type for this study is classified
as “minimal”.

During the design phase, the cross-drain calculations from this Location Hydraulics
Analysis should be updated to show the hydraulic improvement and prove there will be
no adverse impacts; drainage features will be designed in accordance with the FDOT
Drainage Manual and to better align with Section 13.2.2.1 and Figure 13-1 of the FDOT
PD&E Manual. Additional modeling may be required to account for upstream basin
storage. Itis expected that cross drain flows will decrease because on-site runoff will no

7| Page



w 1-95 at Pioneer Trail Interchange Location Hydraulic Report FDOTE )

FM 436292-1-22-01/ ETDM 14193 / Volusia County -

longer contribute to the volume through the cross drains. Tailwater assumptions will also
be confirmed during design with seasonal high-water table input from geotechnical
investigation and normal water levels within adjacent wetlands. The proposed cross
drains along the I-95 at Pioneer Trail Interchange will be finalized during the design
phase. There shall be no adverse impacts due to the extension or incorporation of cross
drains along the I-95 at Pioneer Trail Interchange.
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FIGURE A-2: FEMA FLOOD ZONES
AND POTENTIAL IMPACTS - ALTERNATIVE 3
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FIGURE A-3: USGS TOPO QUAD MAP - ALTERNATIVE 3
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FIGURE A-4: NRCS MAPPED SOIL UNITS - ALTERNATIVE 3
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FIGURE A-5: EXISTING CROSS DRAINS - ALTERNATIVE 3
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PERMIT SUBMITTAL
DRAINAGE REPORT

VOLUME |

SR 9/1-95 Segment 4
From North of SR 44 to South of SR 400/1-4

Volusia County
Financial Project ID: 406869-6-52-01

Prepared For:

FLORIDA DEPARTMENT OF TRANSPORTATION
DISTRICT FIVE
719 South Woodland Boulevard
DelLand, FL 32720
(386) 943-5000

Prepared By:

nsH

REYNOLDS, SMITH AND HILLS, INC.
The Gateway Center
1000 Legion Place, Suite 800
Orlando, FL 32801
(407) 893-5800

September 26, 2008

RS&H Project Number: 107-7108-000
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Project: [-95 from SR 44 to |-4
Designed hy: ARK
Date: 7/18/2008

Project No.: 408869-6-52-01
Checked by: JSG
Date: 7/22/2008 -

EXISTING CONDITION
CROSS DRAIN ANALYSIS
Cross Drain 5-157 NB

Estimate Suneff Volume

Rational Method {Drainage Area < 600 acres)

{sse calculations below)
{see calculations below)

G=CiA where Q = Flow {cfs)
C = Rational Coefficient {unitiess)
i = Rainfalf intensity {in/hr}
A = Drainage Area {(acres)
Gy = Cypigg A= (0.30)* (2.80)* (11,60} = 9.73 cfs
Qo Cygp g AR (031}~ (3.10) * (11,60} = 11.22 cfs
Qg = 15.62¢cfs = 15,62 cfs

Find weighted Rationsi Coefficient, ©
Initiat Input: Total Area, Design Freguencies o be analyzed

Total Area = 505463 6F:
Total Area = 11.80 acres

{extrapolated from 50 and 100 year flows, see caloulations below)

Design Freguencies = 50 year
100 year
Rationati Rational
Sand or | Coefficient | coefficient

Area Land Use Range' Selected
Sub Area 1 10,18 acres 10615
Sub Areg 2 1.44 acres
Sub Area 3
Sub Area 4
Sub Area 5

Total Area = 11.60 acres

Weighted Average Rational Coefficient =

* The raticnal coefficient range is coliected from Table T-4 of the 2004 FDOT Hydrology Handbook.

Apply Design Frequecy Factors 1o the Weighted Average Rational Coefficient

Adjusted
Weighted Weighted
Design Storm Average Average
Storm Frequency Rational Rational
Frequency Factor, )(T’1 Coefficient Coefficient
50 year 1.20 0.25 0.3C
100 year 1.25 0.25 .31

* The Design Storm Frequency Factor is cofiected from Table T-5 of the 2064 FDOT Hydrology Handbook.

Eind Rainfall Intensity, |

For Basin $-157 NB

103.00 min

=T,

(Please check basin tc calcs)

Use the time of concentration with the FDOT IDF Curves to obtain the Rainfall Intensity, i.

FDOT IDF Zone = 150 oE
103.0 min =

Time of Concentration, T, =
Design Frequencies =

Rainfall Intensity, i = 2.6 in/hif

T

50 year
100 year

Rainfall Intensity, | = 3A%n/br:

XAPM068696320 \drainage\Cross Drans\iHYBS\PREWRE CD Analysis xisx

1.717 brs

2 (50 year)
(100 year)

V=50
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Calculate the fiow,

The flow, (&, can now be cajculated based on the rations! cosfficients, inlensities, and areas,

Qu= CsnipA=  (0.30)* (2.80) " (£1.60) = 5.73 cis

Q= Cruolee &A™ (0.31) " {3.105*{11.80) = 11.32 cfs
Crossdrain dimensions;
Circular Pipe

No, of Barraels =
Pipe size = 36
Provided Area = 14.14 sf

The analysis of the cross drain can now proceed using the FHWA HY8 software
Design Criteria
1. No overtopping or encroachment onte the roadway shoulder in the design storm (5C-year).

2. Water velocity not greater than 4 ft/s in the design storm {50.year}.
3. Perform SCS analysis to verify no adverse impacts at property fine for 26-year, 24-hour storm event for SIRVWMD,

See HY8 Qutput for final desian parameters

Calculate the Overdepning flood frequency from extrapelation, using the HY8 cutput for Overtopping flow:

initial Input: Flows and stages for the 50-year, 100-year, and overlopping storms

Design Frequencies = 50 year = 2.0%
100 year = 1.0%

Qup = 873 cfs Stages, = 2612 :
Qe = 11.22 cfs Stagegy = :25,1‘.3
. Stageovertoppiﬂg = 30‘- 31t

Qoveropping =
The frequency of the overtopping storm that oceurs the overtepping flow is calculated by extrapofation;

Frequentyovenoppng = 0.00000002
Frequencysyermpping = 0.000002%
| FTeqUENCYevencpping = 59022015 year J(see graph beiow)

Extrapolate the Overtopping Frequency from the Gvertepping Flow

GO0-0H -
. 1000:00-cfs
17267 cfs
B -
- S +08:00-cfs
2 +<
E=8 -~
[} — —
@ S
2 T —
o L
] ; .
2 i — 9.73 cfs
g a 4 AG-afe—
11.22cfs| TR
108 cfs

0.0000% 0.0000% 0.0001% 0.0010% 0.0100% 0.1000% 1.0000% 10.0000%  100.0000%
Frequency (%)

Since the overtopping fiood is greater than the greatest flood (500-year fiood),
only the the 5C-year, 100-year, and 500-year floods will be analyzed.

\\f«w@y} § Page 30 of 204
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Calculate the 500-vear tiow and 500-year stage from extrapolation

Initial lnput: Flows and stages for the 50—year_and 100-year siorms

Design Frequencies = 50 year = 2.0%
100 year = 1.0%
CQsp = 8.73 cfs

Qoo = 11.22 cfs

26.12 f
26,13 1t

Stagess
Stagesg

4

Plotting the 50-year and 100-year stages vs. discharge allows us 0 extrapolate the 500-year flow:

Frequencygg, = 0.0020
Frequencyse, = 0.20%
Fregquencyse = 500 year

I Qsp0 = 15.62 ¢fs E(see graph below}
Extrapolate the 500-Year Fiow from the 500-Ysar Frequency
“““ 180-00-cfs
3 -
o T —— 11.22 ofs
3 15.62 cfs T e P73 0f
g — +-00-cfs
H
=
[
2
=}
- 1-:688-cfs
0.1% 1.0% 10.0% 100.0%
Frequency (%)}
\/W iﬂ} ;} Page 31 of 204
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Plotting the 50-year and 100-year stages vs, discharge aliows us to extrapolate the overtopping flow: -

Qso = 15.62 ¢fs

Stagesgy = 26.16 ft

|(see graph below)

2617 ft

Extrapolate the 800-Year Stage from the 500-Year Flow

2BA6%

BISETs

2616 1t

26161

26.151t

Stage (ft)

26.14 ft {—n

26.14 ft

26,131

26131

26121

4

-

26.12 1t -
0cfs

2 cfs

4cis

6 cfs

8 cfs 10 cfs
Discharge, Q {cfs)

12cfs

14 cfs

16 cfs

18 cfs
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Project: 95 from SR 44 to |4 Project No.: 406869-6-52-C1

Designed by: ARK ) Checked by: J3G
Date: 7/18/2008 . Date: 7/22/2008
EXISTING CONDITION

CROSS DRAIN ANALYSIS
Cross Drain 5157 S8

Estimate Runoff Volume
Rational Method {Drainage Area < 600 acres)
Q=CiA where Q = Flow (cfs)
C = Rational Coefficient (unitiess)

i = Rainfall intensity {in/hr)
A = Drainage Area {acres)

Qzo= CgpiggA=  (0.23)* (7.90)* (1.96) = 3.58 ofs (see calculations below)
Cigg 2 Copp oo A= (0.24) ™ (8.50) * (1.96) = 4.01 cfs {see calculations below)
Qg 5.22cfs = 5.22 cfs ({extrapolated from 50 and 100 year flows, see caiculations below)

Find weighted Rational Coefficient, ©

Initiaf Input: Total Area, Design Freguencies o be analyzed

Total Area = B5373
Total Area = 1.96 acres
Design Freguencies = 50 year

100 year
Rationat Rational
Sand or | Coefficient | Coefficient
Area =Hg‘;i'::;:ue Slope Land Use Clay Seiewcted
Sub Area 1 1.86 acres |+l 0I00BRMED ElEE :
Sub Area 2 0.10 acres
Subs Area 3
Sub Area 4
Sub Area & b ; L Fied R W R i
Total Area = 1.96 acres Weighted Average Rational Coefficient = (.19

¥ The rational coefficient range is coliected from Tabie T-4 of the 2004 FDOT Hydrology Handbook.

Apoly Design Frequecy Factors to the Welghted Average Rational Coefficient

Adjusted
Waelghted
Design Storm| Weighted Average Average
Storm Frequency Rattonal Rational
Frequency Factor, X" Coefficient Coefficient
50 year 1.20 0.19 0.23
100 year 1.25 0,19 0.24

2 The Design Storm Frequency Factor is coliected from Tabie T-5 of the 2004 FIOT Hydrology Handbook.

Find Rainfall Intensity, i

For Basin §-147 SB 15.00 min =T, (Please check basin t¢ cales)

Use the time of concentration with the FDOT IDF Curves to obtain the Rainfadl Intensity, i

FDCT IDF Zone = G :
Time of Concentration, T, = 15.0 min 0.250 hrs

Design Frequencies = 50 year
100 year

Rainfall Intensity, i =7
Rainfall Intensity, | = 8.504nH

£
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Cailculaig the flow

The flow, G, can now be calculated based on thé rational coefficients, intensities, and areas. -

Qso= Copimg Am (0.23) % (7.90) *{1.96) = 3.58 cfs
Quop = Cioo b A= {0.24) * (8.50) * (1.86) = 4.01 cfs
Crossdrain dimensions:
Circular Pipe

No. of Barrels = 2
Pipe size = 86in
Provided Area = 14.14 sf

The analysis of the cross drain can now proceed using the FHWA HY8 software
Design Criteria
1. No overtopping or encroachment onto the roadway shoulder in the design storm {50-year).

2. Water velocity not greater than 4 fi/s in the design storm {50-year}.
3. Perform SCS analysis o verify no adverse impacis ai property fine for 25-year, 24-hour storm event for SIRWMD.

See HY8 Qutput for final desian parameters

Calculate the Cvertopping fiood frequency from extrapolation, using the HY8 output for Overtopping flow:.

Initial npizt; Flows and stages for the 50-year, 100-year, and overtopping storms

Design Frequencies = 50 year = 2.0%
100 year=  1.0%

Qg = 3.58 cfs Stagesy

Qiygp = 4.01 cfs Stage,ey

Qovertcpring = 177’55°f R Stageovenpping
The frequency of the overtopping storm that occurs the overtopping flow is calculated by extrapolation:

Frequentyouenopeing = ©.000000000001
Frequentyovenspeng = 0.0000000001%

| FreQUeNCYoyenopping = SIS | (soe graph below)
Extrapolate the Overtopping Frequency from the Overtopping Flow
1800.80cfs
177.65 ¢fs
[ —
- ™ 10600-cfs
ﬁ -~ —
el ™~ e
o ™ ~
g "~
= S
2 o~
o M 18-66-cfs
S
S
e 358 cfs
401 ¢fs
i t00¢cls
0.0000% 0.0000% 0.0000% 0.0000% 0.0010% 0.1000% 10.0000%
Frequency (%)
Since the overtopping flood is greater than the greatest flood {500-year flood),
only the the 50-year, 100-year, and §00-year floods will be anaiyzed.
v g Page 34 of 204
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Caleulate the 500-vear flow and 500-vear stage from extrapolation

o lnit%al_ input: Flows and stages for the 50-year and 100-vear storms

Design Frequencies = 50 year = 2.0%
100 year = 1.0%

Qs = 3.58 ofs

Qypg = 4.01 cfs

Stagege # 26,121
Stageq = 26.12 1

Plotling the 50-year and 10C-year stages vs. discharge aliows us to extrapolate the 500-year fiow.

Frequencysg, = 0.0020
Frequentysg = 0.20%
Frequencygg, = 500 year

1 Qgpo # 5.22 cfs i(see graph beiow)
Extrapolate the 500-Year Flow from the 500-Year Frequency
; 10-00-¢fs
B~ 4.01
. cis
7 522cfs T ow—
kA ~ 3.58 cfs
- \.
&
<
(v
s
[*]
2
a8
: +-00-cfs
0.1% 1.0% 10.0% 100.0%
Frequency (%)
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Plotting the S0-vear and 100-year stages vs. discharge allows us to extrapolate the overtopping Row:

Qsoe = 522cfs
! Stagee, = 26.14 % . l(see graph below)

Extrapolate the 500-Year Stage from the 500-Year Flow

26.15 ft ; -

2614 1 - w522 ofs

26.14 ft o

2613 1 /‘

Stage (ff}

26.13 ft

w121 & 25808

26121t !
0cfs 1cls 2¢is 3cfs 4 cfs 5cfs 6 cfs
Discharge, G {cfs)

i [
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Project: -95 from SR 44 to -4
Designed by: ARK
Date: 7/18/2608

Project No.: 406869-6-52-G1
Checked by: J5G
Date: 7/22/2008

EXISTING CONDITION
CROSS DRAIN ANALYSIS
Cross Drain E-158 NB

Estimate Runoff Volume

Rational Method (Drainage Area < 600 acres)

QzCiA where Q = Flow (cfs}
C = Rational Coefficient (unitiess)
i = Rainfall intensity (infhr)
A w Drainage Area {acres)
Ggp=  Copisn A= (0.19)*(1.08}* (428.24) = 88.49 cfs (see calculations below)
Qo= Cynlipa A= (0.20) " (1171 * {428.24) = 95.86 cfs (see calculations below)
Qo= 132.21cfs= 132.21 cfs (sxtrapclated from 50 and 100 vear flows, see calculations below)

Find weighted Rational Coeefficient, C
initial Input: Total Area, Design Frequencies to be analyzed
Total Area = 186

Total Area = 428.24 acres
Design Frequencies = 50 year

100 year
Rational Rational
Sand or | Ceefficlent | Coefficient

Area Slope Slope Land Use Clay Range’ Selected
Sub Ared 1 423.18 acres ;1 L Flat L Grass: ‘
Sub Area 2 5.06 acres Rolling:
Sub Area 3 :
Sub Area 4
Sub Area b AT R :

Total Area = 428.24 acres Weighted Average Raticnal Coefficieni =

* the rational coefficient range is collected from Table T-4 of the 2004 FDOT Hydrology Handbook.

Apply Design Frequecy Factors fo the Weighted Average Rational Coefficient

Adjusted
Weighted Woeighted
Design Storm Average Average
Storm Frequency Rational Rational
Frequency Facior, X,* | Coefficient Coefficient
50 year 1.20 0.18 0.19
100 year 1,25 6.18 0.20

2 The Design Storm Frequency Factor is collected from Table T-5 of the 2604 FDOT Hydrology Handboek,

Fing Rainfall Intensity, i

For Basin E-158 NB 385.00 min =T, (Flease check basin to cales)

{se the time of concentration with the FDCT 1DF Curves to chiain the Rainfafl Intensity, i,

FDOT iDF Zone =: B
Time of Concentration, T.= 3850 min= 6.417 hrs
Design Frequencies = 50 year
100 year
Rainfal Intensity, | = 4,08 i/ (50 year)
Rainfalt intensity, i = 3.17in/hr - {100 year)

Page 37 of 204
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Calcylate the flow, Q

The flow, Q, can now be calculated based on the rational coeffic_ients‘ intensities, and areas.

Qe Cgoigg A=  (0.19)*{1.08) * (428.24) » 8B.49 cfs
Quas= Crgoiags AE (0.20) * {1.17) * (428.24) = 99,85 ofs

Crossdrain dimensions:

Rectangular Box Culvert

No. of Barrels =1}
Span =
Rise = 8
Provided Area = 42.

The analysis of the cross drain can now proceed using the FHWA HY8 software

Design Criteria
1. No overtopping or encreachment onto the roadway shoulder in the design storm (50-year).
2. Water velocity not greater than 4 fi/s in the design storm (50-year).
3. Perform SCS analysis to verify no adverse impacts at property line for 25-year, 24-hour storm event for SJRWMD,

See HY8 Qutpu? for final design parameters

Calculate the Overtopping flood freauency from extrapotation, using the HY8 output for Cvertopping fiow;

Initial Input: Flows and stages for the 50-year, 100-year, and overtopping storms

Design Frequencies = 50 year = 20%
10C year = 1.0%

Qgp = BB 49 cfs Stages,
Qg0 = 95.86 cfs ) Stagegg =
Qovermppmg = 5 s Hwi Smgeovennpping

The frequency of the overlopping storm that occurs the overtopping flow is calcuiated by extrapolation:

Frequentyovetopoing = 0.000001
Frequentyoversping = 0.0001%
l Frequentyoyetopsing = 1788003 year [(see graph below)

Extrapolate the Overtopping Frequency from the Overtopping Flow

R e —1000.06 ¢fs
H 550.66 c{s i
! B | ! ‘
H b
: — -
— =l
e
— 88.49 cfs o
7 16G;00-cfs
"é 99.86 cfs
o
@
2
<
=
]
i
] 10:00cfs
1-06-cfs
0.0000% 0.0001% 0.0010% 0.010C% 0.1000% 1.0000% 1C.0000% 100.0000%

Frequency {%)

Since the overtopping fioed is greater than the greatest flood (500-year flood),
only the the B0-year, 100-year, and 500-year floods will be analyzed.
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Caloulate the 500-vear flow and 500-vear stage from extrapolation

_ Initiaf Input: Fiows and stages for the 50-year and 100-year storms

2.0%

Design Frequencies = 50 year =
100 year = 1.0%
Qg = 88.4% cfs

Qupp = 9086 cfs

Stages; = 24.92 ft
Stageqgp = 24,868 1t

Ploiting the 50-year and 100-year stages vs. discharge aliows us to extrapolate the 500-year flow,

Frequencysg = 0.0620
Frequencysy, = 0.20%
Frequencysg = 500 year

| Qse0 = 132.21cfs  |(see graph below)
Extrapolate the 508-Year Fiow from the 500-Year Frequency
E +606:60-cfs
i
1 b
W e 9985 gasgcrs .
E | 13221 cfs — priinilige iy
el
=]
@
£
=
[X}
2
[ [ aAn an aF
: LRI - )
|
i
i
|
. +-00-2fs
0.1% 1.0% 10.0% 100.0%
Frequency (%}
s Fa
- ol
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Plotting the 50-year and 100-year stages vs. discharge allows us to extrapolate the overiopping flow!

Qa0 = 132.21 cfs _
i 1. Stages = 26.07 ft i{see graph below) - .

Extrapolate the 500-Year Stage from the 500-Year Flow

25101

25088 1 932,21 cfs

2506 ft

2504 % - /‘

25,024 / .

/

25001
4

Stage (ft}

24984

'
Vi
2496 ft 1 /ZQGBL: ofs
24.94 ft /

24.92 1 B840 el

24.80 ft :
Ccfs 20 cfs 40 cfs B0 cfs 80 cfs 100 efs 120 cfs 140 ofs

Discharge, Q {¢fs)

\YERT 3
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Project: |-95 from SR 44 to 1-4
Designed by: ARK
. -Pate: 7/18/2008

Project No.: 406869-6-52-01
Checked by: J8G
o Pater 7/22/2008

EXISTING CONDITION

CROSS DRAIN ANALYSIS
Cross Drain E-158 SB

Estimate Runoff Volume

Raticnal Method {Drainage Area < 600 acres)

Q=CiA where Q = Fiow (cfs)
C = Rational Coefficient {unifless)
i = Rainfail intensity (infhr)
A = Drainage Area (acres)
Q= CxisaAs (019 * {1.08)* (422.53) = 86.52 cfs (s=e calculations below)
Qo= Ciplgo A= (0203 (1.1 * (422.53) = G97.64 cfs ({see calculations below)
Qg =  129.27 cfs = 128.27 cfs {extrapclated from 50 and 100 year flows, see calculations below)

Fing weighted Rational Coefficient, C

Initial Input: Total Area, Design Frequencies to be analyzed

Total Area = 484053
Total Area = 422.53 acres
Design Frequencies = 50 year

100 year
Rationat Rationat
Coefficient | Goefficient
Area Slope Slope Land Use Range’ Selectsd
Sub Area 1 418.30 acres 0:005 77t __!: A . 0015 e |
Sub Area 2 4.23 acres LR lin S095 0 pes
Sub Area 3 G s
Sub Area 4
Sub Area § S o
Total Area = 422,53 acres Weighted Average Rational Coefficient =

* The rational coefficient range is collected from Table T-4 of the 2004 FDOT Hydrology Handbook.

Apply Design Frequecy Factors to the Weighted Average Rational Coefficient

Adjusted
Weighted Woeighted
Design Storm{  Average Average
Storm Frequency Rational Rationat
Froquency Factor, X,2 | Coefficient | Coefficient
50 year 1.20 0.16 0.99
100 year 1.25 0.16 0.20

% The Design Storm Freguency Factor is collected from Table T-5 of the 2004 FDOT Hydrology Handbook.

Find Rainfall intensity, i

For Basin E-158 5B 385.00min =T, {Please check basin tc calcs)

Use the time of concentration with the FDOT iDF Curves to obtain the Rainfall intensity, i.

EDOT IDF Zone = 755 iy

Time of Concentration, T, = 385.0 min

6,417 brs
Dasign Frequencies = 50 year
100 year
Rainfall ntensity, = 108I0/KE T 2 (50 year)
Rainfall intensity, | = 0% in/hr007 (100 year)
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Calculate the flow, O

The flow, G, can now be caiculated hased on the rational coeffi_cients, intensities, and areas.

Q= ColwA= 0.19)°(1.08)* 42263 = [86.52cs
Qo™ CrooheA= (0.20)% (1.17) " (422.88)=  197.64 ofs

Crossdrain dimensions:

Rectangular Box Culvert

No. of Barreis
Span =

Rise = 6.

Provided Area = 42.00 sf

The analysis of the cross drain can now proceed using the FHWA HY8 software

Design Criteria
1. No overiopping or encroachment onto the roadway shoulder in the design storm (50-year).
2. Water velotity not greater than 4 ft/s in the design storm {50-year).
3. Perform SCS analysis to verify no adverse impacis at property line for 25-year, 24-hour storm event for SJRWMD.

See HY8 Qutput for final design parameters

Calculate the Overtonning flood fraquency from extrapglation, using the HY8 output for Overtopping flow,

Initial Input: Flows and stages for the 50-year, 100-year, and overiopping storms

Design Frequencies = 50 year = 2.0%
106 year = 1.0%

Qg = 86.52 cfs Stages,

Stagesee

S{ageOvermpping

The frequency of the overtopping storm that occurs the overtopping flow is calculated by extrapolation:

Frequencyouopping * 0.000001
Frequentyoueropping * 0.00%

l Freguentcyouenappng = 1985102 year l(see graph below)
Extrapolate the Overtopping Frequency from the Overtopping Flow
100000 cfs
i, [546.30cls
o
~ 1
~
- —— S,
_ : T e SE52d +06-50-cfs
4 97.64 ofs
o i
&
2
o
kol
b5
pod
[+ 48:66-cfs
+H6cls
0.0000% 0.0001% 0.0010% 0.0100% 0.1000% 1.0000% 10.0000% 100.0000%
Frequency {%}
Since the overtopping flood is greater than the greatest flood (500-year flood),
only the the 50-year, 100-year, and 500-year floods will be analyzed.
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Caiculate the 500-vear flow and 500-vear stage from exirapotation
Initiat input: Fiows and stages for the 50-year and 100-year storms_ . -

Design Frequencies = 50 year = 2.0%
100 year = 1.0%

Qsp = 86.52 cfs
Qe = 97.64 ¢fs

Stages, = 25.05 ft
Stagepy = 25.08ft

Plotting the 50-year and 100-year stages vs. discharge allows us 10 extrapolate the 500-year flow:

Frequencygys = 0.0020
Frequencyssy = 0.20%
Fraguencysa = 500 ysar

i Qso0 = 126.27 cfs  |(see graph below)
Extrapoiate the 508-Year Fiow from the 580-Year Frequency
e HO00:00-efe
B 97.64 cfs 86.52 cfs
E?‘ 35807 cfs ——— H60-60-cfs
(2]
a
.
=
[
k-
1]
2
=] - 0tefs
Hooefe
0.1% 1.0% 10.0% 100.0%
Frequency (%)
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Plotting the 50-year and 100-year stages vs. discharge aflows us to extrapolate the overtopping fiow:

ngo = 12927 cfs

.| Stagesy = 25,17 f

](see graph below)

Extrapolate the 500-Year Stage from the 500-Year Flow
25.18ft :
# 12927 cfs
25951 7
2514 % // §
& 25.121t /
g
by /
=
3 2500 y; /
25081t / 7-84-efs
25.06 ft
/56,52 ofs
25.04 ft
Ocfs 20cfs 40 cfs 60 ¢fs 80 cfs 100 cfs 120 ofs 140 cfs
Discharge, Q (cfs)

- 2
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Project: +-95 from SR 44 to 1-4
Designed by: ARK .
- Date: 7/18/2008

Project No.: 406868-6-52-01
Checked by: J5G
- Pate; 7/22/2008

EXISTING CONDITION

CROSS DRAIN ANALYSIS
Cross Drain S-159 NB

Estimate Runoff Volume

Rationat Method (Drainage Area < 800 acres)

{see calculations below)
{see caiculations below)

Qu=CiA where Q = Flow (cfs)
C = Rational Coefficient (unitless}
i = Rainfal intensity (in/hr)
A = Drainage Area {acres)
Qo= CsisoA= (0.31)*(5.50)* (5.37) = 9.23 ¢fs
Qoo = Cipopo A= (0.33) * (6.00) * (537 = 10.49 cfs
Qoo = 1411 cfs = 14.11 efs

Fingd weighted Rational Coefficient, C

initial Input: Total Area, Design Frequencies to be analyzed

Total Area = 23370
Total Area = 5.37 acres
Design Frequencies = 50 year

(extrapolated from 50 and 100 year flows, see calculations below)

100 year
Rational Rational
Sand or | Goefficient | Coefficient
Area Slope Siope Land Use Clay Range' Selegted
Sub Area 1 4.62 acres ; : : ; : ; :
Sub Area 2 0.74 acres
Sub Area 3
Sub Area 4
Sub Area 5 T e i S 5
Total Area = 5.37 acres Weighted Average Rational Coefficient = 0.26
' The rational coefficient range is collected from Table T-4 of the 2004 FDOT Hydrology Handbook.
Apply Deslgn Frequecy Factors to the Weighted Average Rational Coefficient
Adjusted
Weighted Weighted
Design Storm|  Average Average
Storm - Frequency Rational Rational
Fraquency Factor, X, | Coefficient | Coefficient
50 year 1.20 .26 0.31
100 year 1.25 .26 0.33
2 The Design Storm Frequency Factor is collected from Table T-5 of the 2004 FDOT Hydrolugy Hardbook,
Find Rainfall intensity, i
For Basin 5-158 NB 35.00 min =T, (Please check basin tc calcs)
Use the time of conceniration with the FDCT IDF Curves to obtain the Rainfall intensity, |
FDOT IDF Zone =:v.o i85
Time of Concentration, T, =  35.0min= 0583 hrs
Dasign Frequencies = 50 year
106 year
Rainfall Intensity,
Rainfall Intensity, i = 106 year)
\*»;,f é { ‘ Page 45 of 204
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Calcylate the flow

The flow, Q, can now be calculated based on the rationai coefficients, intensities, and areas.

(0.31) * (5.50) * (5.37) =

Qsp2 CyligpAm 9.23 cfs
Qi = Cioeligs AZ  (0.33)* (B.00) * (5.37) = 10,49 ofs
Crossdrain dimensions;
Cirgular Pipe

No. of Barreis
Pipe size =
Provided Area = 3.14 sf

The analysis of the cross drain can now proceed using the FHWA HYE software

Design Criteria

1. No overtopping or encroachment onto the roadway shoulder in the design storm (50-year).

2. Water velocity not greater than 4 fi/s in the design storm (50-year).

3. Perform SCS analysis to verify no adverse impacts at property line for 25-year, 24-hour storm event for SJRWMD.

See HYB Output for final design parameters

Initial Input. Flows and stages for the 50-year, 100-year, and overtopping storms

Design Frequencies = 50 year = 2.0%
100 year = 1.0%
Qup = 9.23 cfs Stages, = 24.99

Qiop = 10.48 cfs

Stage gy = :25.0?
Qovertspping = BETE f

StagCyartopping  PORAR

The frequency of the overtopping storm that occurs the overlopping flow is caleulated by extrapolation:

Frequentyovenopping = 0.000011
Frequentyouesppng = 0.0011%
E Freguencyo,epemg = 89710 year

}{see graph belaw)

Extrapolate the Overtopping Frequency from the Overtopping Flow
106:00-¢fs
36.75¢fs
B
—
— ]
e

g -~
2 H e —
c. —— 9.23 cfs .
B 1049 A TR
£
[X]
a2
&

: +-08-cfs

0.0010% 0.0100% 0.1000% 1,0000% 10.0000%
Frequency {%)

100.0000%

Since the averiopping flood s greater than the greatest flood {500-year flood),
only the the 50-year, 100-year, and 500-year fioods wilt be analyzed.

XAP0686963201\drainage\Cross Drains\HYB\PREVPRE CD Analysis. xisx

Page 46 of 204
Financial Project I
406868-6-52-01



Calculate the 500-vear flow and 50C-vear stage from exdrapalation
Initiat Input: Flows and stages for the 50-year and 100-year storms

Design Frequencies = 5@ year = 2.0%
100 year = 1.0%

Qg = 9.23 cfs
Qo = 10.49 cfs

Stages, = 24,93t
Stage gy = 25.07 ft

Piotting the 50-year and 100-year stages vs. discharge allows us to extrapoiate the 800-year flow:

Frequencygg, = 0.0020
Frequencysg = 0.20%
Frequencysgy, = 500 year

{ Qspp = 14.11 ofs |(see graph below)

Extrapoiate the 500-Year Flow from the 500-Year Frequency

106.60-cfs
)
-t 2.

] 10.49 ¢fs
G- T — 9.23 cfs
@ 14.11.cfs. 40-00-cfs
2 — -
&
L
B
[=
+00cfy
0.1% 1.0% 10.0% 100.0%
Frequency {%)
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Plotting the 50-year and 100-year stages vs. discharge allows us to exdrapolate the overtopping flow:

Qses = 14.17 ¢fs :
{ Stagese = 25,30 & {(see graph below) . .

Extrapolate the 500-Year Stage from the 500-Year Flow

25351

25301t /ﬂ"‘Mﬁ tofa—

25.25 # /.

220 F e e y

/
2515 ft

Stage (f)

/
25104 £

/1G,49 cfs
25.05 ft

/

25.00 1t

#9523cfs

24,9511
Gcis 2 ofs 4 cfs Bcfs 8cfs 10 cfs 12 cfs 14 cfs 16 ofs
Discharge, Q {cfs)

% &
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Project: -85 from SR 44 {0 1-4
Designed by: ARK
Date: 7/18/2008

Checked by: J3G
Date: 7/22/2008

Project No.: 406869-6-52-01

EXISTING CONDITION
GROSS DRAIN ANALYSIES
Cross Drain 5-159 5B

Estimate Runoff Volume

Rational Method (Drainage Area < 800 acres)

({see calculations below)
(see calculations below)

Q=CiA where () = Flow (cfs)
C = Rational Coefficient {unitless}
| = Rainfall intensity {in/hr)
A = Drainage Area {(acres)
Qo=  Cuisn A= (0.54)* (520} (1.35) = 4.51 cfs
Qo= Cuplis A= (0.56)*(6.70)*(1.35) = 5.08 cfs
Qso= 668cfs= 6.68 cfs

Find weighied Rational Coefficient, C
Initial input: Total Area, Design Frequencies o be analyzed

Total Area =

{extrapolated from 50 and 100 year flows, see calculations below)

Total Area = 1.35 acres
Design Frequencies = 50 year
100 year
Rational Rational
Coefficient | Coefficient

Area Land Use Range' Selected
Sub Area i 0.84 acres 1 1
Sub Area 2 0.50 acres
Sub Area 3
Sub Area 4
..S...H? Area B

Total Area = 1.35 acres

Weighted Average Rational Coefficient =

" The rational coefficient range s coliected from Tabie T-4 of the 2004 FDOT Hydrology Handbook.

Apply Design Frequecy Factors to the Weighted Average Rational Coefficient

Adjusted
Weighted Weighted
Design Storm Average Average
Storm Frequency Rational Rational
Fraguency Factor, X;° Goefficient Cosfhicient
50 year 1.20 .45 0.54
100 year 1.25 045 0.55

% The Design Storm Frequenecy Factor is collected from Table T-5 of the 2004 FDOT Hydrology Handbook.

Find Rainfall intensity, i

For Basin 5-169 5B 27.00 min =T,

{Please check basin ¢ calcs)

Use the time of concentration with the FDOT [DF Curves to obtain the Rainfall intensity, i.

FDOT IDF Zone =
Time of Concentrafion, T, =
Design Frequencies =

0,450 hrs

27.0 min
50 year
100 year

Rainfall Intensity, | =5
Rainfall Intensity, i = 87

{50 year)
{100 ysar}

V-10
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Calculate the flow, Q

The flow, Q, can now be calculated based on the rational coefficients, intensities. and areas.

Q= Cgpisg A= {(0.54)*(820)*{1.35) = 4.54 cfs
Qugo = Cagp lgo A= {0.58) " (6.70) * (1.358) = 5.08 cfs
Crossdrain dimensions:
Circular Pipe

No, of Barrels ==
Pipe size =1 =
Provided Area = 3.14 sf

The analysis of the cross drain can now proceed using the FHWA HY8 software

Design Criteria

1. No avertopping or encroachment onto the roadway shoulder in the design storm (50-year).
2. Water velocity not greater than 4 /s in the design storm (50-year).
3. Perform BCS analysis to verify no adverse impacts at property fine for 25-year, 24-hour storm event far SSRWMD.

See HYS Quiput for final design parameters

Calculate the Overtopping fleod frequency from extrapolation, using the HY8 output for Overtopping flow;

Initial Input: Fiows and stages for the 50-year, 100-year, and overtopping storms

Design Frequencies = 50 year = 2.0%
100 year = 1.0%
Qﬁa = 4 51 ¢fs
Qo = 5.08 cfs
Qovenuppmg = Stage()vennppmg =2

The frequency of the overtopping storm that occurs the overtopping flow is calcuiated by extrapolation;

Frequencyoueospng = 0.0000001
Frequentyovstonpmg = 0.00001%
Frequentysuecppg = 7562133 year I(see graph below)

Extrapolate the Overtopping Frequency from the Overtopping Flow
100:00-cfs
34.58 cfs
B
‘-.- ..-.
ff— -~ S—
o .
g T 1500 ol
g T~
- S
3 R
n 508cts | ¥
: ;
g +-06cfs
0.0000% 0.0001% 0.0010% 0.0100% 0.1000% 1.0000% 10.0000% 100.0000%
Frequency (%}

Since the overtopping flood is greater than the greatest flioed (500-year flood),
only the the 50-year, 100-year, and 500-year flocds wifl be anaiyzed.
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Calculate the 500-vear flow and 500-vear stage from extrapolation

Initial Input: Flows and stages for the 50-year and 100-year storms

Design Frequencies = 50 year = 2.0%
100 year = 1.0%

Qg = 4,51 cfs
Qypp = 5.08 cfs

Stages, = 25.07 ft
Stage. = 25.00 #

Plotting the 50-year and 100-year stages vs. discharge allows us to exirapolate the 500-year flow:

Frequencysg = ©.0020
Frequencysy = 0.20%
Frequentysy = S00 year

i Qo = 6.58 ofs i(see graph below)
Extrapolate the $00-Year Flow from the 560-Year Frequency
i —
B68cts T~ 50fcfs
‘1%1’0{3
)
2
a
()
2
o
=
Q
2
=]
+06ef
0.1% 1.0% 16.0% 100.0%
Frequency {%}
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Plotting the 50-year and 100-year stages vs. discharge allows us to extrapolate the overtopping flow:

Qspo = 8.68 cfs
] Stagesy = 25.15 l(see graph below)

Extrapolate the 500-Year Stage from the 500-Year Flow

2516 ]

25151t

} 6.68 cfs

25.14
/7

53R — — L ,/

25.12 ft 4

25111
/7

Stage (ff)

2510 ft 7

25.08 ft ;/ 5.08¢fs

2508 //
2507 #-4:51cf

2506 ft + } :
0 cfs 1 cfs 2¢cfs 3cfs 4 cfs 5cfs 6cfs 7 ofs 8 cfs
Discharge, G (cfs)
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Project: 1-95 from SR 44 to |-4 Project No.: 406869-6-52-01

Designed by: ARK Checked by: J3G
: Date: 7/18/2008 o ' Date: 7/22/2008
EXISTING CONDITION

CROSS DRAIN ANALYSIS
Cross Drain §-160 NB

Estimate Rungff Melume
Rational Methed (Drainage Area < 600 acres)

Q=CiA where O = Flow (cfs)
G & Rational Coefficient (unitiess}
. i = Rainfal intensity {in/hr)
A = Drainage Area {acres)

Qeu=  CyixA=  {0.19)*(8.90) * (20.09) = 33,35 ¢fs (see calculations below)
Quuo®  Croobigg A= (0.19)* (8.70) * (20.09) = 37.87 cfs (see calcuiations below)
Qo= 5084 cfs = 50.84 cfs (extrapolated from 50 and 100 year flows, see calculations below)

Find weinhied Rational Coefficient, C

Initial input: Total Area, Design Frequencies to be analyzed

Total Area = 09:5f
Total Area = 20.09 acres
Dasign Frequencies = 50 year

100 year
Rational Rational
Sand or | Coefficient | Coefficient
Area Siope Land Use

Sub Area 1 19.96 acres | 0005 v

Sub Area 2 0.14 acres

Sub Area 3

Sub Area 4

Sub Area 5

Total Area = 20.09 acres Weighted Average Rational Coefficient =

¥ The rational coefficient range is collected from Table T-4 of the 2004 FDOT Hydrology Handbook.

Apply Design Frequecy Factors to the Weighted Average Rationai Coefficient

Adiusted
Weighted Weighted
Design Storm{  Average Average
Storm Frequency Rational Rational
Frequency | Factor, X;° | Coefficient | Coefficient
50 year 1.20 3.18 0.19
100 year 1.26 0.18 0,19

2 The Design Storm Frequency Factor is collected from Table T-5 of the 2004 FDOT Hydrology Handbook.

Find Rainfalt intensity, i

For Basin 3-160 NB 10.00 min =T, {Please check basin tc caics)

Use the fime of concentration with the FROT IDF Curves to cbain the Rainfall Intensity, i.

FDOT IDF Zone = [ Hgini
Time of Concentration, T,= 10.0min= 0,167 hrs
Design Frequencies = 50 year
100 year

Rainfall Intensity, i

) {50 year)
Rainfall Intensity, i =:9;

41{100 year)
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Calculate the flow, Q

The flow, Q, can now be calculated based on the rational coefficients, intensities, and areas.

Q5= Cgplg A= (0.19) *(8.90) * {20.08) = 33.35 ¢fs

Qoo ® Crphoo A= (0.18) *(8.70)*(20.08) =  [37.87 cfs
Crossdrain dimensions. .
Circuiar Pipe
No. of Barrels =

Pipe size =
Provided Area = 7.07 sf

The analysis of the cross drain can now proceed using the FHWA HY8 software
Design Criteria
1, No overtopping or encreachment onto the roadway shoudder in the design storm (50-year).
2. Water velocity not greater than 4 ft/s in the design storm (50-year).
3. Perform SCS analysis to veriy no adverse impacts ai property line for 25-year, 24-hour storm event for SIRWMD,

See HY8 Qutput for final design parameters

Calculate the Overlopping flood frequency from extrapelation, using the HY8 outout for Overtopping flow:

Initial input: Flows and stages for the 50-year, 100-year, and overtopping storms

Design Freguencies = 50 year = 2.0%
100 year = 1.0%
Qs = 33.35¢fs

Qoo = 37.87 ¢fs

chennppmg = “

The frequency of the overtopping storm that occurs the overtopping flow is caiculated by extrapoiation:

Frequencyeovencpeing = 0.000089
FrequenCyoustapng * 0.0089%

| FreqUENGYovempeng = 11250 year |{see graph below)
Extrapolate the Overtopping Frequency from the Overtopping Flow
89.90 ¢fs 100,00 cf
E{-._. UL LU Crs
-~ L
b Y
S
— ._,“&3’5 cfs
37,87 cfs

z
2
e

3 ¥ 16:00-cfs
&
o
b
&
o

: | +60-cfs

C.0010% 0.0100% 0.1000% 1.0000% 10.0000% 100.0000%
Frequency (%)

Since the overtepping fiood is greater than the greatest flood (500-year flood),
only the the 50-year, 100-year, and 500-year fioods will be analyzed.
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from extrapolation

Calculate the 500-year flow and 500-veas stage

initial Input Flows and stages for the 50-year and 100-year storms

Design Frequencies = &0 year = 20%

100 year = 1.0%
Qg = 33.35cfs
Qqgp = 37.87 cfs

Stages, = 2537 1
Stages = 25,55 ft

Plotting the 50-year and 100-year stages vs. discharge allows us to extrapoiate the 500-year flow:

Frequencysg, = 0.0020
Frequencysqg = 0.20%
Frequentysge = 500 year

| Qoo = 50.84 cfs

Hsee graph bslow)

Extrapotlate the 500-Year Flow from the $00-Year Frequency

—

50.84 ofs

B 37.87 of

® 33350cfs

"-0-\.

£;
[

Discharge, Q {¢fs)

0.1%

1.0% 10.0%
Fregquency (%}
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Plotting the 50-year and 100-year stages vs, discharge allows us to extrapolate the overtopping flow:

Qoo = 50.84 efs
Stagesee = 26.07 ft l(see graph below)

Extrapolate the 500-Year Stage from the §00-Year Flow

2820% -

26,108

I 50.84 ofs
/

26.001

25.90 ft : 7 -

25.801t

2570 7

Fd
2560 ft

) / 37.87 cfs
2550 f /

25404

Stage {ft)

& 333500

25.30 1t
0 cfs 10 cfs 20 cfs 30 ¢fs 40 cfs 50 cfs 60 cfs
Discharge, Q {cfs}
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Project: -85 from SR 44 o 14 Project No.: 406869-6-52-01

Designed by: ARK Checked by: JSG
Date: 7118/2008 . . o - Date: 7/22i2008
EXISTING CONDITION

CROSS DRAIN ANALYSIS
Cross Drain 5-160 SB

Estimate Runoff Volume

Raticnai Method (Drainage Area < 600 acres}

Q=CiA where Q = Flow {cfs)
C = Rational Coefficlent {unitless)
i = Rainfall intensity {in/hr}
A = Drainage Area (acres)

Q= CgignA= (0.21) *(5.00) * (19.50) = 20.72 ¢fs (see calculations below}
Quep . Cypo oo A= (0.22) * {5.40) " (19.50) = 23.32¢cls (see caleulations below)
Qs0= 30.65cfs = 30.65 cfs (extrapclated from 50 and 100 year flows, see calculations below)

Find weighted Rational Coefficient, C

initial Input: Total Area, Design Frequencies to be analyzed

Total Area = B49484 sf
Total Area = 18.50 acres
Design Freguencies = 50 year

100 year
Rational Rational
Sand or | Coefficient | Coefficient
Area Stope Slope Land tise Clay Range’ Selected
Sub Area 1 18.84 acres = Sand il e s S0
Sub Area 2 0.86 acres i i 05
Sub Area 3
Sub Area 4
Sub Area 5 3 ] = : i | ; i
Total Area = 18.50 acres Weighted Average Rational Cosfficient = 0,18

" The rationat coefficient range is coflected from Table T-4 of the 2004 FDOT Hydrology Handbook,

Apply Design Frequecy Factors to the Weighted Average Rational Coefficient

Adjusted
Weighted Weighted
Design Storm;  Average Average
Storm Frequency Rational Rational
Frequency Factor, X% Coefficient Coefficient
50 year 1.20 0.18 0.214
100 year 1,25 0.18 D.22

® The Design Storm Frequency Factor is coliscted from Table T-5 of the 2004 FDOT Hydrology Handbook.

Find Rainfall Intensity, i

For Basin $-160 8B 43.00 min =T, {Please check basin tc calcs)

Use the time of concentration with the FDOT IDF Curves to obtain the Rainfall Intensity, i.

FDOT IDF Zone = ixiinafeiity
Time of Concentration, Tc»  43.0min=  0.717 hrs
Design Frequencies = 50 year
100 year

Rainfall Intensity, | = infhr i (50 year)
Rainfall Intensity, i = 5:40Hn/hr: 575 (100 year}
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Calcyfate the flow,

The flow, Q, ¢can now he calculated based on the rational coefficients, intensities, and areas. . _‘ .

Q= Gyl A= (0.21)* (5.00) * (19.50) =

2072 ¢fs
Qoo = Cugo hoo A= (0.22) * (5.40) ¥ (16.50) = 23.32 cfs
Crossdrain dimensions:
Circular Pipe
Mo, of Barrels =
Pipe size = 380

Provided Area = 7.07 sf

The analysis of the cross drain can how procesd using the FHWA Y8 software

Design Criteria

1. Ne overiopping or encroachment onto the roadway shoulder in the design siorm (50-year}.

2. Water velocily not greater than 4 fi/s in the design storm {50-year).

3. Perform SCS analysis to verify no adverse impacts at property #ne for 25-year, 24-Rour storm event for SIRVWIMD.

See HY8 Output for final design parameters

Calculate the Overtopping flood frequency from extrapolation. using the HY8 output for Overtopping flow:

Initial Input: Flows and stages for the 50-year, 100-year, and overtopping storms

Design Frequencies = 50 year » 2.0%
100 year = 1.0%
Qg = 20.72 cfs Stages, = 2560 fl

Qus= 2332t
QDvMuppéng = 83.62 i CfS

The frequency of the overtopping storm that ocours the overtopping flow is calculated by extrapolation:

Frequencyoyedanppng = 0.000005
Frequencyoveroppng = 0.001%

1 Frequencyovertepong = 183744 year l(see graph below)
Extrapolate the Overtopping Frequency from the Overtopping Flow
******** 83.62 cfs +00.60 cfs
® .
S
e ~— i
[
T e 2072t
—~e20

E Razce e

(a3

@

% 18:00cfs
o

&

[+

a8

a

: +:80-cfe
0.00C1% 6.0010% 0.0100% 0.1000% 1.0000% 10.0000%
Frequency (%)

100.0000%

Since the overtopping flood is greater than the greatest fiood {(500-year flood),
only the the 50-year, 100-year, and 500-year floods wilt be analyzed,

V-1
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Calculate the 50C-vear flow and 500-year stage from exirapolation

. Initiat tnput: Flows am_ﬁ stages for the b0-year and 100-year storms

Design Frequencies = 50 year = 2.0%

100 year = 1.0%
Qg = 20.72 cfs

Cige = 28,32 cfs

Stageg, = 25.60 ft
Stageg = 2567/

Piotting the 50-year and 100-year stages vs. discharge aliows us to extrapelate the 500-year flow:

Frequencysg = 0.0020
Frequencysg = ¢.20%
Frequencyss = 500 year

1 Qoo = 30.85 cfe |(see graph below)
Extrapoiate the 500-Year Fiow from the 500-Year Frequency
i 160:00-¢fs
B e 23.32 ¢fs
— .
— 30.65cfs Bl S
£
o
g 10-00-cf
9 L i)
L]
.-
[*]
b
fat
1:G0-¢fs
0.1% 1.0% 10.0% 100.0%
Frequency {%}

s
L)

o
n&.,\‘“%
H

g
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Plotting the 50-year and 100-year stages vs. discharge allows us to extrapolate the overtopping flow:

Qspo = 30.65¢fs )
"1 Stagesg = 25.87 #t J(see graph belowy
Extrapolate the 500-Year Stage from the 500-Year Flow
2590 - : !
‘ P Buss cfs
25851t /
25.80 ft y, /
& 2575 1~ /-
2 /
2 5701 /
/23,32 cofs
2585 4 /
25804 2072 ks
25554
0 cfs 5cfs 10 ofs 15 cfs 20 cfs 25 cfs 30cls 35 cfs
Discharge, Q [cfs)
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Project: -85 from SR 44 to |-4
Designed by: ARK
Date: 7/18/2008

Project No.; 406869-6-52-01
Checked by: J8G
Bate: 7/22/2008

EXISTING CONDITION
CROSS DRAIN ANALYSGIS
Cross Drain S-161 NB

Estimate Runoff Volume

Rational Method {Drainage Area < 800 acres)

G=CiA where ( = Flow (cfs)
C = Rationatl Coefficient (unitless)
i = Rainfall intensity {in/hr)
A = Drainage Area (acres)
Q= CupiggA= (0.21)7(1.55) " (304.08) = 99.63 cfs {see caicUiations below)
Qoo ®  Croobron A= (0.22) *{1.72) * (304.08) = 115 16 cfs {see calculations helow)
Qo = 161.22¢fs = 161.22 cfs {extrapofated from 50 and 100 year flows, see calculations beiow)

Find weighted Rational Coefficient, C
initial Input: Tetal Area, Design Frequencies to be analyzed
Total Area = J3245543 6

Total Area = 304.08 acres ‘
Design Frequencies = 50 year

100 year
Rational Rational
Sand or | Coefficient | Coefficient
Area Land Use F{a\nge1 Selected
Sub Area 1 294 13 acres | | Grass
Sub Area 2 9.94 acres ]
Sub Area 3
Sul Area 4
Sub Area 5

Total Area = 304.08 acres Weighted Average Rational Coefficient =

' 'The raticnat coefficient range is collected from Table T-4 of the 2004 FDOT Hydrology Handbook.

Apply Deslgn Frequecy Factors to the Weighted Average Rational Coefficient

Adjusted
Woeighted Weighted
Pesign Storm Average Average
Storm Frequency Rational Rational
Frequency Factor, X.* GCoefficient | Coefficient
50 year 1.20 0.18 0.21
100 year 1.25 0.18 .22

% The Design Storm Frequency Factor is collected from Table T-5 of the 2004 FDOT Hydrology Mandbook,

Eind Rainfall intensity, i

For Basin

S5-161 NB

22500 min =T,

{Please check basin tc calcs)

Use the time of concentration with the FDOCT IDF Curves to obtain the Rainfalf Intensity, 1.

FDOT 1DF Zone =
Time of Concentration, T,
Design Frequencies =

Rainfall Intensity,
Rainfall Intensity, i =

50 year
100 year

XKAPW0686963201\drainage\Cross Drains\HYBS\PRE\PRE CD Analysis. xisx
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Caleulate the flow, Q

The flow, Q, can now be calculated based on the rational coefficients, intensities, and areas.

an =
Qigp =

Copiss A= (D.21)* (1.55) * (304,08} =
Croo oo A= {0.22)* (1.72) * (304.08) =

Crossdrain dimensions:

Rectangular Box Culvert

No. of Barrels = i
Span =
Rise = 5t
Provided Area = 35.00 sf

The analysis of the cross drain can now proceed using the FHVWA HY8 software

Besign Criteria

99.63 cfs

115,16 cfs

1. No overtopping or encroachment onto the roadway shoulder in the design storm (5C-year).

2. Water velocity not greater than 4 fi/s in the design storm (50-year).

3. Perform SCS analysis to verify no adverse impacts at property line for 25-yeas, 24-hour storm event for SIRWMD.

See HY8 Qutput for final design parameters

Calcuiate the Overtopping floed frequency from extrapolation, tsing the HY8 outout for Qvertopping flow;

Initial Input: Flows and stages for the 50-year, 100-year, and overtopping storms

Design Frequencies = 50 year = 2.0%
100 year = 1.0%

Qgp = 99.63 cfs Stageg, =

Qi = 11516 cfs Stage,g =

QCruertopplng =

The frequency of the overtopping storm that occurs the overtopping flow is calculated by extrapolation:

FFEquenCyOvencpgmg = 0.000020
FFEqUEQCyDvmcppmg * 0.0020%

i FreQUENTY ovorapamng = 50715 year

StageOvenoppiﬂg =

E{see graph below)

Extrapolate the Overtopping Frequency from the Overtopping Flow
~1000.00-0fs—
42343 ¢fs
]
— _
e S
—_—

- e Gt
B 115,16 cfs i
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o

Y

2

[+

o,

[

2

a ; +o-00-cfs

0.0010% 0.0100% 0.1000% 1.0000% 10.0000% 100.0000%
Frequency (%)

Since the overtopping floed is greater than the greatest flood (500-year flood),
only the the 50-year, 100-year, and 500-year fioods wilf be analyzed.
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Calculate the 50C-year flow and 500-vear stage from exirapolation

inHial Input: Flows and stages for the 50-year and 100-year storms

Design Freguencies = 50 year = 2.0%
100 year = 1.0%

Qe = 99.63 cfs
Qe = 115.16 ¢fs

Stages; = 26.68 ft
Stagesg = 26.16 ft

Plotting the 50-year and 100-year stages vs. discharge afiows us to extrapclate the 500-yvear flow:

Frequencysg = 0.0020
Freguencysg = 0.20%
Frequencysg = 500 year

Qoo = 161.22 ofs I(see gragh below)

Extrapolate the 500-Year Flow from the 500-Year Frequency

1000.00-cfs—
e e 116.16 cfs
§8.63 cfs
3B 1.2l T e ABO-D0-cF
E (- . TOLTUOTCE
2
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Plotting the 5C-year and 100-year stages vs. discharge allows us to exdrapolate the overtopping flow:

Qso0 = 161.22 ¢fs

I Stagesyy = 26,40 i E(see graph below)
Extrapolate the 500-Year Stage from the 500-Year Flow
2645
26,40 EisT 2z
2835 /
/7
2630 ft 4
g /
g 26254 - /
& ./
26204 : v
26 154 //115.16 cfs
2610 6t
if{)QﬁS cfs
26.051 4 i i i
Qs 20 cfs 40 cfs 60 cfs 80 cfs 100 cfs 120 cfs 140 cfs 160 efs 180 efs
Discharge, Q {cfs)
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Project: 1-95 from SR 44 to I-4
Designed by: ARK
Date: 7/18/2008 . .

Project No.: 406869-6-52-01
Checked by: JSG
. Date: 7/22/2008 .
EXISTING CONDITION
CROSS DRAIN ANALYSIS
Cross Drain 5-161 5B

Estimate Runoff Velume

Rational Method (Drainage Area < 600 acres)

Q=CiA where Q = Flow (cfs}
C = Rational Coefficient (unitiess)
i = Rainfali intensity (in/hr)
A = Drainage Area {acres)
Q= CyipA=  (0.21) " (1.55) * (293.78) = 95.91 ofs (see calculations below)
Qo= Gyl A®  (0.22) * (1.72) * (203.78) = 110.86 cis (see calculations below)
Qspp= 15520 cis = 155.20 ofs (extrapolated from 50 and 100 year flows, see calculations below)
Find weighted Rational Coefficient, C

injtial Input: Total Area, Design Frequencies to be analyzed

Total Area =
Total Area = 293.78 acres
Design Frequencies = 50 year

100 year
Rationzl Rational
Sand or | Coefficient | Coefficient
Area Slope Slope Land Use Clay Range' Selected
Sub Area 1 284.41 acres : ; Grass Dol Band S 0o a5 050
Sub Area 2 9.37 acres Pavement || 1.8z ges s 500
Sub Area 3 S y
Sub Area 4
Sub Area 5 ST i :
Totat Area = 293.78 acres Weighted Average Rational Coefficient = 0.18

* The rational coefficient range is collected from Table T-4 of the 2604 FDOT Hydrology Handbook.

Apply Design Frequecy Factors to the Weighted Average Rational Coefficient

Adjusted
Weighted Weighted
Design Storm|  Average Average
Storm Frequency Rational Rational
Frequency Factor, X Coefficient | Coefficient
50 yoar 1.20 0.18 0.21
100 year 1.28 018 0.22

2 The Design Storm Frequency Factor is collected from Table T-5 of the 2004 FDOT Hydrology Handbook,

Find Rainfali Intensity, i

For Basin S$-161 B 225.00min =T, {Please check basin tc calcs)

Use the time of concentration with the FDOTY IDF Curves to obtain the Rainfall intensity, i,

Time of Concentration, T, = 225.0 min
Design Frequencies = 50 year
100 year

3.750 hrs

Rainfall Intensity, i =
Rainfall Intensity, i = 1
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Calculate the flow,

The flow, Q, can now be calculated based an the rational coefficients, intensities, and areas.

(0.21) * (156) * (203.78) =
(0.22) * (1.72) * {203.78) =

95.91 cfs
1106.86 cfs

Qe = CopisgA=
Qo ™ Croo los A=

Crossdrain dimensions:

Rectangular Box Culver!

No. of Barrets =]
Span =
Rise =
Provided Area = 35.00 sf

The analysis of the cross digin can now proceed using the FHWA HY8 software
Design Criteria
1. No overtopping or encroachment onto the roadway shoulder in the design storm (50-year).

2. Water velocity not greater than 4 ft/s in the design storm (60-year).
3. Perform SCS analysis o verify no adverse impacts at property line for 25-year, 24-hour storm event for SIRWMD.

See HYB Qutpui for final design parameters

Calculate tha Overopning fiood freauency from exdrapolation. using the HYS8 output for Overtonping fiow:

initial Input: Flows and stages for the 5C-year, 10C-year, and overtopping storms

Design Frequencies = 50 year = 2.0%
100 year = 1.0%
Cso = 95.91 ¢fs Stagey, = 26,29
Qoo = 110.86 cfs Stageqgo =26 B
QOvsnupping Stagaoven.oppiﬁg = 3043 ﬁ

The frequency of the overtopping storm that occurs the avertopping flow is calculated by extrapolation:

Frequentyouwroppng = 0.0000618
Frequencyoenopeny = 0.0018%
Frequencyoverpng = 54354 year

i(see graph below)

Extrapolate the Overtopping Frequency from the Overtopping Flow
H360-00-cfs
B H1357 ofs
S
—— £
T e e 95.91 cfs
- P —gy 466-66-cfs
ﬁ 110.86 cft
[«
&
g
b3
=
W
&
(=] - 13:60-cfs
i +00-¢cfs
€.0010% 0.0100% 0.1000% 1.6000% 10.0000% 100.0000%
Fregeency (%)

Since the overtopping flcod is greater than the greatest fiood {500-year fiood),
only the the 50-year, 100-year, and 500-year floods will be analyzed.
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Calculate the 500-vear flow and 500-vear stage from extrapolation
Initiaf lnput: Flows and stages for the 50-year and 100-year storms
De.sign Freqﬁencies =50 ye.ar.=. 20%
100 year = 1.0%

Qs = 9591 cfs
Qoo = 110.86 cfs

Stages; = 26.2G ft
Stageg = 26.36 ft

Plotting the 50-year and 100-year stages vs. discharge ailows us fo extrapotate the 500-year fiow:

Frequencysgy = 0.0020
Frequencysgy, = 0.20%
Freguencysqy = 500 year

Qlggp = 155.20 cfs [(see graph below}

Extrapolate the 500-Year Flow from the 500-Year Frequency
1600.00-¢fs
B e e _20.&6 o5 g a1 ofs
;"" o 20T — (EaEns s ity
2
o
@
2
o
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2
a 19:00-cfs
+-00cfs
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Frequency (%)
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Plotting the 50-year and 100-year stages vs, discharge allows us to extrapolate the overtopping flow:

Glspe = 155.20 cfs .
i . Stagecgy = 2657 & ;(see graph belowy - -

Extrapolate the 500-Year Stage from the 500-Year Flow

26.50 #
B 155.20cfs

26.55# V4

26.500 /

.45 . e e
2 7

Stage {ft}
~

26 40 ft

/s
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95.91 ofs

26.25ft
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Discharge, Q (cfs)
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APPENDIX C — CALCULATIONS



HYDROLOGIC ANALYSIS

DATE
@ Stantec made by:[__DHR | _11-Jul-20
checked by:
Stantec job #:
PROJECT: 1-95 Pioneer Trail Interchange
LOCATION: | P01A-SOUTH
Rational Equation: Qr=X;*Cr ™ " At
Qr = Peak Runoff for Return Period T (cfs).
X1 = Frequency Factor for Return Period T.
Ct = Average Runoff Coefficient for Return Period T.
it = Average Rainfall Intensity for Return Period T (in/hr).
At = Total Watershed Drainage Area (ac).
Cr= Ci*A; + Co*A, +C3*A;
At
A= 6.60 ac Cy=0.95 Rooftops and Pavement and Surface Waters
A,=0.00 ac C,=0.20 Woodlands (Rolling with Sandy Soils)
As= 28.20 ac C3=0.25 Grass (Rolling with Sandy Soils)
Ar= 34.80 ac
Cr=0.38
X25yr= 1.1 Xsoyr= 1.2 Xiooyr= 1.25
i25 yr= 3.7 in/hr isoyr =4.1in/hr i100 yw=4.5 in/hr

i = based on time of concentration from Ditch Calculations -> t; = 59.7 min

Q5 = 54.8 cfs Qs yr = 65.7 cfs Qi0yr = 74.9 cfs

Qsp0yr = 1.7 X Qqooyr = 127.4 cfs



HY-8 Culvert Analysis Report



Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 65.7 cfs
Design Flow: 74.9 cfs

Maximum Flow: 127.4 cfs



Table 1 - Summary of Culvert Flows at Crossing: P01A-South (Existing)

Headwater Elevation

Total Discharge (cfs)

PO1A-South (Existing)

Roadway Discharge

lterations

(ft) Discharge (cfs) (cfs)

25.62 65.70 65.70 0.00 1
25.68 71.87 71.87 0.00 1
25.71 74.90 74.90 0.00 1
25.82 84.21 84.21 0.00 1
25.90 90.38 90.38 0.00 1
25.98 96.55 96.55 0.00 1
26.07 102.72 102.72 0.00 1
26.17 108.89 108.89 0.00 1
26.27 115.06 115.06 0.00 1
26.37 121.23 121.23 0.00 1
26.49 127.40 127.40 0.00 1
28.90 198.15 198.15 0.00 Overtopping




Rating Curve Plot for Crossing: P0O1A-South (Existing)

Total Rating Curve
Crossing: PO1A-South (Existing)
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Table 2 - Culvert Summary Table: P01A-South (Existing)

) Total Qulvert Headw?ter Inlet Outlet Flow Normal Critical Outlet Tailwater Outlt—‘ft Tailwa'ter

Discharge | Discharge | Elevation Control Control Type Depth (ft) Depth (ft) Depth (ft) Depth (ft) Velocity Velocity
(cfs) (cfs) (ft) Depth (ft) | Depth (ft) (ft/s) (ft/s)
65.70 65.70 25.62 2.035 2.565 4-FFf 1.046 1.205 2.250 2.250 3.337 0.000
71.87 71.87 25.68 2.164 2.628 4-FFf 1.108 1.280 2.250 2.250 3.651 0.000
74.90 74.90 25.71 2.227 2.660 4-FFf 1.139 1.315 2.250 2.250 3.804 0.000
84.21 84.21 25.82 2422 2.768 4-FFf 1.232 1.422 2.250 2.250 4.277 0.000
90.38 90.38 25.90 2.554 2.847 4-FFf 1.289 1.491 2.250 2.250 4.591 0.000
96.55 96.55 25.98 2.689 2.931 4-FFf 1.347 1.558 2.250 2.250 4.904 0.000
102.72 102.72 26.07 2.827 3.021 4-FFf 1.404 1.624 2.250 2.250 5.218 0.000
108.89 108.89 26.17 2.971 3.117 4-FFf 1.460 1.688 2.250 2.250 5.531 0.000
115.06 115.06 26.27 3.119 3.218 4-FFf 1.514 1.751 2.250 2.250 5.844 0.000
121.23 121.23 26.37 3.274 3.324 4-FFf 1.568 1.813 2.250 2.250 6.158 0.000
127.40 127.40 26.49 3.435 3.436 4-FFf 1.622 1.874 2.250 2.250 6.471 0.000

Straight Culvert
Inlet Elevation (invert): 23.05 ft, Outlet Elevation (invert): 22.77 ft
Culvert Length: 67.00 ft, Culvert Slope: 0.0042




Culvert Performance Curve Plot: PO1A-South (Existing)

Performance Curve
Culvert: P01 A-South (Existing)
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Water Surface Profile Plot for Culvert: PO1A-South (Existing)
Crossing - PO1A-South (Existing), Design Discharge - 74.9 cfs

Culvert - PO1A-South (Existing), Culvert Discharge - 74.9 cfs

Elevation (ft)

-20 0 20 40 60 80
Station (ft)

Site Data - P0O1A-South (Existing)
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 23.05 ft
Outlet Station: 67.00 ft
Outlet Elevation: 22.77 ft

Number of Barrels: 1

Culvert Data Summary - PO1A-South (Existing)
Barrel Shape: Concrete Box
Barrel Span: 8.75 ft
Barrel Rise: 2.25 ft
Barrel Material: Concrete
Embedment: 0.00 in
Barrel Manning's n:  0.0120
Culvert Type: Straight
Inlet Configuration: Square Edge (90°) Headwall
Inlet Depression: NONE



Table 3 - Downstream Channel Rating Curve (Crossing: P01A-South (Existing))

Flow (cfs) Water Surface Elev (ft) Depth (ft)
65.70 25.30 2.25
71.87 25.30 2.25
74.90 25.30 2.25
84.21 25.30 2.25
90.38 25.30 2.25
96.55 25.30 2.25
102.72 25.30 2.25
108.89 25.30 2.25
115.06 25.30 2.25
121.23 25.30 2.25
127.40 25.30 2.25

Tailwater Channel Data - P01A-South (Existing)
Tailwater Channel Option: Enter Constant Tailwater Elevation

Constant Tailwater Elevation: 25.30 ft

Roadway Data for Crossing: P01A-South (Existing)
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 100.00 ft
Crest Elevation: 28.90 ft
Roadway Surface: Paved
Roadway Top Width: 48.00 ft



HY-8 Culvert Analysis Report



Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 65.7 cfs
Design Flow: 74.9 cfs

Maximum Flow: 127.4 cfs



Table 1 - Summary of Culvert Flows at Crossing: P01A-South (Proposed)

Headwater Elevation Total Discharge (cfs) (Propi(;;g)slg?::;rt]warge Roadway Discharge Iterations
(ft) (cfs)
(cfs)

25.65 65.70 65.70 0.00 1
25.72 71.87 71.87 0.00 1
25.76 74.90 74.90 0.00 1
25.88 84.21 84.21 0.00 1
25.97 90.38 90.38 0.00 1
26.06 96.55 96.55 0.00 1
26.16 102.72 102.72 0.00 1
26.27 108.89 108.89 0.00 1
26.38 115.06 115.06 0.00 1
26.50 121.23 121.23 0.00 1
26.64 127.40 127.40 0.00 1
28.90 194.33 194.33 0.00 Overtopping




Rating Curve Plot for Crossing: PO1A-South (Proposed)

Total Rating Curve
Crossing: P01 A-South (Proposed)
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Table 2 - Culvert Summary Table: P01A-South (Proposed)

Inlet Elevation (invert): 23.21 ft,

Culvert Length: 110.00 ft,

Culvert Slope: 0.0040

Outlet Elevation (invert): 22.77 ft

) Total Qulvert Headw?ter Inlet Outlet Flow Normal Critical Outlet Tailwater Outlt—‘ft Tailwa'ter

Discharge | Discharge | Elevation Control Control Type Depth (ft) Depth (ft) Depth (ft) Depth (ft) Velocity Velocity
(cfs) (cfs) (ft) Depth (ft) | Depth (ft) (ft/s) (ft/s)
65.70 65.70 25.65 2.035 2.441 1-S1f 1.061 1.205 2.250 2.250 3.337 0.000
71.87 71.87 25.72 2.164 2.511 1-S1f 1.124 1.280 2.250 2.250 3.651 0.000
74.90 74.90 25.76 2.227 2.547 1-S1f 1.155 1.315 2.250 2.250 3.804 0.000
84.21 84.21 25.88 2422 2.668 1-S1f 1.249 1.422 2.250 2.250 4.277 0.000
90.38 90.38 25.97 2.554 2.755 4-FFf 1.308 1.491 2.250 2.250 4.591 0.000
96.55 96.55 26.06 2.689 2.849 4-FFf 1.366 1.558 2.250 2.250 4.904 0.000
102.72 102.72 26.16 2.828 2.949 4-FFf 1.425 1.624 2.250 2.250 5.218 0.000
108.89 108.89 26.27 2.971 3.056 4-FFf 1.481 1.688 2.250 2.250 5.531 0.000
115.06 115.06 26.38 3.119 3.168 4-FFf 1.536 1.751 2.250 2.250 5.844 0.000
121.23 121.23 26.50 3.274 3.287 4-FFf 1.591 1.813 2.250 2.250 6.158 0.000
127.40 127.40 26.64 3.435 3.412 4-FFf 1.646 1.874 2.250 2.250 6.471 0.000

Straight Culvert




Culvert Performance Curve Plot: PO1A-South (Proposed)

Performance Curve
Culvert: P01A-South (Proposed)
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Water Surface Profile Plot for Culvert: P0O1A-South (Proposed)

Crossing - PO1A-South (Proposed), Design Discharge - 74.9 cfs
Culvert - P01 A-South (Proposed), Culvert Discharge - 74.9 cfs
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Site Data - P0O1A-South (Proposed)
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 23.21 ft
Outlet Station: 110.00 ft
Outlet Elevation: 22.77 ft

Number of Barrels: 1

Culvert Data Summary - PO1A-South (Proposed)
Barrel Shape: Concrete Box
Barrel Span: 8.75 ft
Barrel Rise: 2.25 ft
Barrel Material: Concrete
Embedment: 0.00 in
Barrel Manning's n:  0.0120
Culvert Type: Straight
Inlet Configuration: Square Edge (90°) Headwall
Inlet Depression: NONE



Table 3 - Downstream Channel Rating Curve (Crossing: P01A-South (Proposed))

Flow (cfs) Water Surface Elev (ft) Depth (ft)
65.70 25.30 2.25
71.87 25.30 2.25
74.90 25.30 2.25
84.21 25.30 2.25
90.38 25.30 2.25
96.55 25.30 2.25
102.72 25.30 2.25
108.89 25.30 2.25
115.06 25.30 2.25
121.23 25.30 2.25
127.40 25.30 2.25

Tailwater Channel Data - P01A-South (Proposed)
Tailwater Channel Option: Enter Constant Tailwater Elevation

Constant Tailwater Elevation: 25.30 ft

Roadway Data for Crossing: PO1A-South (Proposed)
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 100.00 ft
Crest Elevation: 28.90 ft
Roadway Surface: Paved
Roadway Top Width: 48.00 ft



PROJECT:

LOCATION:

Rational Equation:

HYDROLOGIC ANALYSIS

DATE
made by: DHR 11-Jul-20
checked by:
Stantec job #:
1-95 Pioneer Trail Interchange
| P01A-01B
Qr=Xr* Cr ¥ * Ar
Qr = Peak Runoff for Return Period T (cfs).
X1 = Frequency Factor for Return Period T.
Ct = Average Runoff Coefficient for Return Period T.
it = Average Rainfall Intensity for Return Period T (in/hr).
At = Total Watershed Drainage Area (ac).
Cr= Ci*A; + Co*A, +C3*A;
At
A= 27.00 ac Cy=0.95 Rooftops and Pavement and Surface Waters
A= 19.70 ac C,=0.20 Woodlands (Rolling with Sandy Soils)
As= 14.30 ac C3=0.25 Grass (Rolling with Sandy Soils)
Ar=61.00 ac
Cr=054
X25yr= 1.1 Xsoyr= 1.2 Xiooyr= 1.25
i25 yr= 4.0 in/hr isoyr = 4.4 in/hr i100 yr= 4.8 in/hr

i = based on time of concentration from Ditch Calculations -> t; = 53.8 min

Q5 = 145.2 cfs Qs yr = 173.9 cfs Qig0 yr = 199.8 cfs

Qs00yr = 1.7 X Qqooyr = 339.7 cfs




HY-8 Culvert Analysis Report



Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 173.9 cfs
Design Flow: 199.8 cfs

Maximum Flow: 339.7 cfs



Table 1 - Summary of Culvert Flows at Crossing: P01A-01B (Existing)

Headwater Elevation

P0O1A-01B (Existing)

Roadway Discharge

() Total Discharge (cfs) Discharge (cfs) (cfs) Iterations
30.95 173.90 171.84 2.04 7
31.03 190.48 173.31 16.80 7
31.07 199.80 173.92 25.51 5
31.15 223.64 175.23 48.05 5
31.19 240.22 176.01 63.78 4
31.24 256.80 176.73 79.79 4
31.28 273.38 177.40 95.81 4
31.31 289.96 178.03 111.82 4
31.35 306.54 178.62 127.49 3
31.38 323.12 179.19 143.53 3
31.42 339.70 179.75 159.63 3
30.92 171.37 171.37 0.00 Overtopping




Rating Curve Plot for Crossing: P0O1A-01B (Existing)

Total Rating Curve
Crossing: PO1A-01B (Existing)

200 2350 300
Total Discharge (cfs)



Table 2 - Culvert Summary Table: P01A-01B (Existing)

) Total Qulvert Headw?ter Inlet Outlet Flow Normal Critical Outlet Tailwater Outlt—‘ft Tailwa'ter
Discharge | Discharge | Elevation Control Control Type Depth (ft) Depth (ft) Depth (ft) Depth (ft) Velocity Velocity
(cfs) (cfs) (ft) Depth (ft) | Depth (ft) (ft/s) (ft/s)
173.90 171.84 30.95 5.641 6.577 4-FFf 1.583 1.542 1.583 1.580 11.251 0.000
190.48 173.31 31.03 5.724 6.663 4-FFf 1.583 1.537 1.583 1.580 11.347 0.000
199.80 173.92 31.07 5.759 6.699 4-FFf 1.583 1.535 1.583 1.580 11.387 0.000
223.64 175.23 31.15 5.834 6.776 4-FFf 1.583 1.583 1.583 1.580 11.473 0.000
240.22 176.01 31.19 5.879 6.823 4-FFf 1.583 1.583 1.583 1.580 11.524 0.000
256.80 176.73 31.24 5.921 6.866 4-FFf 1.583 1.583 1.583 1.580 11.571 0.000
273.38 177.40 31.28 5.960 6.906 4-FFf 1.583 1.583 1.583 1.580 11.615 0.000
289.96 178.03 31.31 5.996 6.944 4-FFf 1.583 1.583 1.583 1.580 11.657 0.000
306.54 178.62 31.35 6.031 6.980 4-FFf 1.583 1.583 1.583 1.580 11.695 0.000
323.12 179.19 31.38 6.065 7.014 4-FFf 1.583 1.583 1.583 1.580 11.733 0.000
339.70 179.75 31.42 6.098 7.048 4-FFf 1.583 1.583 1.583 1.580 11.769 0.000
Straight Culvert

Inlet Elevation (invert): 24.37 ft,

Culvert Length: 129.00 ft,

Culvert Slope: 0.0017

Outlet Elevation (invert): 24.15 ft




Culvert Performance Curve Plot: P01A-01B (Existing)

Performance Curve
Culvert: P01A-01B (Existfng}
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Water Surface Profile Plot for Culvert: P01A-01B (Existing)
Crossing - PO1A-01B (Existing), Design Discharge - 199.8 cfs

Culvert - P01A-01B (Existing), Culvert Discharge - 173.9 cfs
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Site Data - P01A-01B (Existing)
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 24.37 ft
Outlet Station: 129.00 ft
Outlet Elevation: 24.15 ft

Number of Barrels: 5

Culvert Data Summary - P01A-01B (Existing)
Barrel Shape: Elliptical
Barrel Span: 30.00 in
Barrel Rise: 19.00 in
Barrel Material: Concrete
Embedment: 0.00 in
Barrel Manning's n:  0.0120
Culvert Type: Straight
Inlet Configuration: Square Edge with Headwall
Inlet Depression: NONE



Table 3 - Downstream Channel Rating Curve (Crossing: P01A-01B (Existing))

Flow (cfs) Water Surface Elev (ft) Depth (ft)
173.90 25.95 1.58
190.48 25.95 1.58
199.80 25.95 1.58
223.64 25.95 1.58
240.22 25.95 1.58
256.80 25.95 1.58
273.38 25.95 1.58
289.96 25.95 1.58
306.54 25.95 1.58
323.12 25.95 1.58
339.70 25.95 1.58

Tailwater Channel Data - P01A-01B (Existing)
Tailwater Channel Option: Enter Constant Tailwater Elevation

Constant Tailwater Elevation: 25.95 ft

Roadway Data for Crossing: P01A-01B (Existing)
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 150.00 ft
Crest Elevation: 30.92 ft
Roadway Surface: Paved
Roadway Top Width: 86.00 ft



HY-8 Culvert Analysis Report



Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 173.9 cfs
Design Flow: 199.8 cfs

Maximum Flow: 339.7 cfs



Table 1 - Summary of Culvert Flows at Crossing: P01A-01B (Proposed)

Headwater Elevation

P0O1A-01B (Proposed)

Roadway Discharge

() Total Discharge (cfs) Discharge (cfs) (cfs) Iterations
29.61 173.90 173.90 0.00 1
30.35 190.48 190.48 0.00 1
30.79 199.80 199.80 0.00 1
31.04 223.64 204.97 18.36 10
31.10 240.22 206.15 33.61 5
31.15 256.80 207.18 49.39 5
31.20 273.38 208.08 64.89 4
31.24 289.96 208.93 80.77 4
31.28 306.54 209.71 96.66 4
31.32 323.12 210.45 112.56 4
31.35 339.70 211.14 128.14 3
30.92 202.54 202.54 0.00 Overtopping




Rating Curve Plot for Crossing: P01A-01B (Proposed)

Total Rating Curve
Crossing: PO1A-01B (Proposed)
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Table 2 - Culvert Summary Table: P01A-01B (Proposed)

) Total Qulvert Headw?ter Inlet Outlet Flow Normal Critical Outlet Tailwater Outlt—‘ft Tailwa'ter
Discharge | Discharge | Elevation Control Control Type Depth (ft) Depth (ft) Depth (ft) Depth (ft) Velocity Velocity
(cfs) (cfs) (ft) Depth (ft) | Depth (ft) (ft/s) (ft/s)
173.90 173.90 29.61 4.272 5.244 4-FFf 1.583 1.502 1.583 1.580 9.614 0.000
190.48 190.48 30.35 4.929 5.976 4-FFf 1.583 1.380 1.583 1.580 10.530 0.000
199.80 199.80 30.79 5.344 6.416 4-FFf 1.583 1.583 1.583 1.580 11.046 0.000
223.64 204.97 31.04 5.583 6.670 4-FFf 1.583 1.546 1.583 1.580 11.332 0.000
240.22 206.15 31.10 5.638 6.729 4-FFf 1.583 1.543 1.583 1.580 11.397 0.000
256.80 207.18 31.15 5.687 6.780 4-FFf 1.583 1.540 1.583 1.580 11.454 0.000
273.38 208.08 31.20 5.729 6.826 4-FFf 1.583 1.536 1.583 1.580 11.504 0.000
289.96 208.93 31.24 5.770 6.868 4-FFf 1.583 1.583 1.583 1.580 11.550 0.000
306.54 209.71 31.28 5.807 6.908 4-FFf 1.583 1.583 1.583 1.580 11.594 0.000
323.12 210.45 31.32 5.842 6.946 4-FFf 1.583 1.583 1.583 1.580 11.635 0.000
339.70 211.14 31.35 5.875 6.981 4-FFf 1.583 1.583 1.583 1.580 11.673 0.000

Straight Culvert
Inlet Elevation (invert): 24.37 ft, Outlet Elevation (invert): 24.15 ft
Culvert Length: 129.00 ft, Culvert Slope: 0.0017




Culvert Performance Curve Plot: P01A-01B (Proposed)
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Water Surface Profile Plot for Culvert: P01A-01B (Proposed)

Crossing - PO1A-01B (Proposed), Design Discharge - 199.8 cfs
Culvert - P01 A-01B (Proposed), Culvert Discharge - 199.8 cfs
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Site Data - P0O1A-01B (Proposed)
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 24.37 ft
Outlet Station: 129.00 ft
Outlet Elevation: 24.15 ft

Number of Barrels: 6

Culvert Data Summary - P01A-01B (Proposed)
Barrel Shape: Elliptical
Barrel Span: 30.00 in
Barrel Rise: 19.00 in
Barrel Material: Concrete
Embedment: 0.00 in
Barrel Manning's n:  0.0120
Culvert Type: Straight
Inlet Configuration: Square Edge with Headwall
Inlet Depression: NONE



Table 3 - Downstream Channel Rating Curve (Crossing: P01A-01B (Proposed))

Flow (cfs) Water Surface Elev (ft) Depth (ft)
173.90 25.95 1.58
190.48 25.95 1.58
199.80 25.95 1.58
223.64 25.95 1.58
240.22 25.95 1.58
256.80 25.95 1.58
273.38 25.95 1.58
289.96 25.95 1.58
306.54 25.95 1.58
323.12 25.95 1.58
339.70 25.95 1.58

Tailwater Channel Data - P01A-01B (Proposed)
Tailwater Channel Option: Enter Constant Tailwater Elevation

Constant Tailwater Elevation: 25.95 ft

Roadway Data for Crossing: P01A-01B (Proposed)
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 150.00 ft
Crest Elevation: 30.92 ft
Roadway Surface: Paved
Roadway Top Width: 48.00 ft



HYDROLOGIC ANALYSIS

DATE
@ Stantec made by:[__DHR | _11-Jul-20
checked by:
Stantec job #:
PROJECT: 1-95 Pioneer Trail Interchange
LOCATION: | P01B-Offsite
Rational Equation: Qr=X;*Cr ™ " At
Qr = Peak Runoff for Return Period T (cfs).
X1 = Frequency Factor for Return Period T.
Ct = Average Runoff Coefficient for Return Period T.
it = Average Rainfall Intensity for Return Period T (in/hr).
At = Total Watershed Drainage Area (ac).
Cr= Ci*A; + Co*A, +C3*A;
At
A= 7.46 ac Cy=0.95 Rooftops and Pavement
A,=0.00 ac C,=0.20 Woodlands (Rolling with Sandy Soils)
As= 29.22 ac C3=0.25 Grass (Rolling with Sandy Soils)
Ar= 36.68 ac
Cr=0.39
X25yr= 1.1 Xsoyr= 1.2 Xiooyr= 1.25
i25 yr= 6.0 in/hr isoyr = 6.6 in/hr i100 yr= 7.3 in/hr

i = based on time of concentration from Ditch Calculations -> t; = 23.5 min

Q5 = 95.5 cfs Qs yr = 113.6 cfs Qig0yr = 130.4 cfs

Qs00yr = 1.7 X Qqooyr = 221.7 cfs



HY-8 Culvert Analysis Report



Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 113.6 cfs
Design Flow: 130.4 cfs

Maximum Flow: 221.7 cfs



Table 1 - Summary of Culvert Flows at Crossing: P01B-Offsite (Existing)

Headwater Elevation Total Discharge (cfs) (Exisp’t?nlg) (I?)Efssclzthearge Roadway Discharge Iterations

(ft) (cfs) (cfs)

29.29 113.60 64.96 47.74 10
29.31 124.41 65.07 58.50 3
29.31 130.40 65.14 64.80 3
29.33 146.03 65.28 80.15 3
29.35 156.84 65.38 91.10 3
29.36 167.65 65.47 101.92 3
29.37 178.46 65.56 112.71 3
29.38 189.27 65.65 123.49 3
29.39 200.08 65.72 133.25 2
29.40 210.89 65.81 144.94 3
29.41 221.70 65.88 155.01 2
29.19 64.17 64.17 0.00 Overtopping




Rating Curve Plot for Crossing: P01B-Offsite (Existing)

Total Rating Curve
Crossing: PO1B-Offsite (Existing)
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Table 2 - Culvert Summary Table: P01B-Offsite (Existimg)

Inlet Elevation (invert): 22.09 ft,

Culvert Length: 278.00 ft,

Culvert Slope: 0.0005

Outlet Elevation (invert): 21.94 ft

) Total Qulvert Headw?ter Inlet Outlet Flow Normal Critical Outlet Tailwater Outlt—‘ft Tailwa'ter

Discharge | Discharge | Elevation Control Control Type Depth (ft) Depth (ft) Depth (ft) Depth (ft) Velocity Velocity
(cfs) (cfs) (ft) Depth (ft) | Depth (ft) (ft/s) (ft/s)
113.60 64.96 29.29 5.339 7.202 4-FFf 3.000 2.584 3.000 3.000 9.190 0.000
124.41 65.07 29.31 5.350 7.216 4-FFf 3.000 2.585 3.000 3.000 9.206 0.000
130.40 65.14 29.31 5.357 7.224 4-FFf 3.000 2.586 3.000 3.000 9.215 0.000
146.03 65.28 29.33 5.372 7.243 4-FFf 3.000 2.589 3.000 3.000 9.235 0.000
156.84 65.38 29.35 5.382 7.256 4-FFf 3.000 2.590 3.000 3.000 9.249 0.000
167.65 65.47 29.36 5.391 7.268 4-FFf 3.000 2.592 3.000 3.000 9.262 0.000
178.46 65.56 29.37 5.400 7.279 4-FFf 3.000 2.593 3.000 3.000 9.275 0.000
189.27 65.65 29.38 5.409 7.290 4-FFf 3.000 2.594 3.000 3.000 9.287 0.000
200.08 65.72 29.39 5.417 7.300 4-FFf 3.000 2.596 3.000 3.000 9.298 0.000
210.89 65.81 29.40 5.426 7.312 4-FFf 3.000 2.597 3.000 3.000 9.310 0.000
221.70 65.88 29.41 5.434 7.321 4-FFf 3.000 2.598 3.000 3.000 9.320 0.000

Straight Culvert




Culvert Performance Curve Plot: P01B-Offsite (Existimg)

Performance Curve
Culvert: PO1B-Offsite (Existimg)
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Water Surface Profile Plot for Culvert: P01B-Offsite (Existimg)

Crossing - PO1B-Offsite (Existing), Design Discharge - 130.4 cfs
Culvert - P01B-Offsite (Existimg), Culvert Discharge - 65.1 cfs
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Site Data - P01B-Offsite (Existimg)
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 22.09 ft
Outlet Station: 278.00 ft
Outlet Elevation: 21.94 ft

Number of Barrels: 1

Culvert Data Summary - P01B-Offsite (Existimg)
Barrel Shape: Circular
Barrel Diameter: 3.00 ft
Barrel Material: Concrete
Embedment: 0.00 in
Barrel Manning's n:  0.0120
Culvert Type: Straight
Inlet Configuration: Square Edge with Headwall
Inlet Depression: NONE



Table 3 - Downstream Channel Rating Curve (Crossing: P01B-Offsite (Existing))

Flow (cfs) Water Surface Elev (ft) Depth (ft)
113.60 25.09 3.00
124.41 25.09 3.00
130.40 25.09 3.00
146.03 25.09 3.00
156.84 25.09 3.00
167.65 25.09 3.00
178.46 25.09 3.00
189.27 25.09 3.00
200.08 25.09 3.00
210.89 25.09 3.00
221.70 25.09 3.00

Tailwater Channel Data - P01B-Offsite (Existing)
Tailwater Channel Option: Enter Constant Tailwater Elevation

Constant Tailwater Elevation: 25.09 ft

Roadway Data for Crossing: P01B-Offsite (Existing)
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 500.00 ft
Crest Elevation: 29.19 ft
Roadway Surface: Paved
Roadway Top Width: 48.00 ft



HY-8 Culvert Analysis Report



Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 113.6 cfs
Design Flow: 130.4 cfs

Maximum Flow: 221.7 cfs



Table 1 - Summary of Culvert Flows at Crossing: P01B-Offsite (Proposed)

Headwater Elevation Total Discharge (cfs) (Pro;l)jc?s1eBci)OI;fizgﬁarge Roadway Discharge Iterations

(ft) (cfs)
(cfs)

28.93 113.60 113.60 0.00 1
29.22 124.41 117.75 5.91 23
29.23 130.40 117.97 11.92 5
29.26 146.03 118.36 27.27 5
29.28 156.84 118.36 38.03 4
29.29 167.65 118.56 48.14 3
29.31 178.46 118.81 58.83 3
29.32 189.27 119.04 69.61 3
29.33 200.08 119.28 80.37 3
29.35 210.89 119.48 91.08 3
29.36 221.70 119.68 101.77 3
29.19 117.38 117.38 0.00 Overtopping




Rating Curve Plot for Crossing: P01B-Offsite (Proposed)

Total Rating Curve
Crossing: PO1B-Offsite (Proposed)
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Table 2 - Culvert Summary Table: P01B-Offsite (Proposed)

Inlet Elevation (invert): 22.09 ft,

Culvert Length: 278.00 ft,

Culvert Slope: 0.0005

Outlet Elevation (invert): 21.94 ft

) Total Qulvert Headw?ter Inlet Outlet Flow Normal Critical Outlet Tailwater Outlt—‘ft Tailwa'ter
Discharge | Discharge | Elevation Control Control Type Depth (ft) Depth (ft) Depth (ft) Depth (ft) Velocity Velocity
(cfs) (cfs) (ft) Depth (ft) | Depth (ft) (ft/s) (ft/s)
113.60 113.60 28.93 5.912 6.840 7-M2c 4.000 3.215 3.215 3.000 10.495 0.000
124.41 117.75 29.22 6.147 7.125 7-M2c 4.000 3.267 3.267 3.000 10.715 0.000
130.40 117.97 29.23 6.160 7.141 7-M2c 4.000 3.270 3.270 3.000 10.726 0.000
146.03 118.36 29.26 6.183 7.168 7-M2c 4.000 3.275 3.275 3.000 10.747 0.000
156.84 118.36 29.28 6.183 7.191 7-M2c 4.000 3.275 3.275 3.000 10.747 0.000
167.65 118.56 29.29 6.195 7.203 7-M2c 4.000 3.278 3.278 3.000 10.758 0.000
178.46 118.81 29.31 6.209 7.217 7-M2c 4.000 3.281 3.281 3.000 10.772 0.000
189.27 119.04 29.32 6.223 7.231 7-M2c 4.000 3.283 3.283 3.000 10.784 0.000
200.08 119.28 29.33 6.236 7.245 7-M2c 4.000 3.286 3.286 3.000 10.797 0.000
210.89 119.48 29.35 6.248 7.257 7-M2c 4.000 3.289 3.289 3.000 10.808 0.000
221.70 119.68 29.36 6.260 7.268 7-M2c 4.000 3.291 3.291 3.000 10.818 0.000
Straight Culvert




Culvert Performance Curve Plot: P01B-Offsite (Proposed)

Headwater Elevation (ft)

Performance Curve
Culvert: P01B-Offsite (Proposed)

[ ] [A]

Inlet Control Elev Cutlet Control Elev

29 4

29.2

29.0+

26.8 1

h

=

o
|

h

=

=N
!

h

ot

(W
|

28.0.

120 140 160 180 200 220
Total Discharge (cfs)



Water Surface Profile Plot for Culvert: P01B-Offsite (Proposed)

Crossing - PO1B-Offsite (Proposed), Design Discharge - 130.4 cfs
Culvert - P0O1B-Offsite (Proposed), Culvert Discharge - 118.0 cfs
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Site Data - P01B-Offsite (Proposed)
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 22.09 ft
Outlet Station: 278.00 ft
Outlet Elevation: 21.94 ft
Number of Barrels: 1

Culvert Data Summary - P01B-Offsite (Proposed)
Barrel Shape: Circular
Barrel Diameter: 4.00 ft
Barrel Material: Concrete
Embedment: 0.00 in
Barrel Manning's n:  0.0120
Culvert Type: Straight
Inlet Configuration: Square Edge with Headwall
Inlet Depression: NONE



Table 3 - Downstream Channel Rating Curve (Crossing: P01B-Offsite (Proposed))

Flow (cfs) Water Surface Elev (ft) Depth (ft)
113.60 25.09 3.00
124.41 25.09 3.00
130.40 25.09 3.00
146.03 25.09 3.00
156.84 25.09 3.00
167.65 25.09 3.00
178.46 25.09 3.00
189.27 25.09 3.00
200.08 25.09 3.00
210.89 25.09 3.00
221.70 25.09 3.00

Tailwater Channel Data - P01B-Offsite (Proposed)
Tailwater Channel Option: Enter Constant Tailwater Elevation

Constant Tailwater Elevation: 25.09 ft

Roadway Data for Crossing: P01B-Offsite (Proposed)
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 500.00 ft
Crest Elevation: 29.19 ft
Roadway Surface: Paved
Roadway Top Width: 48.00 ft



PROJECT:

LOCATION:

Rational Equation:

HYDROLOGIC ANALYSIS

DATE
made by: DHR 11-Jul-20
checked by:
Stantec job #:
1-95 Pioneer Trail Interchange
| South-Spruce Creek
Qr=Xr* Cr ™ ™ Ar
Qr = Peak Runoff for Return Period T (cfs).
X1 = Frequency Factor for Return Period T.
Ct = Average Runoff Coefficient for Return Period T.
it = Average Rainfall Intensity for Return Period T (in/hr).
At = Total Watershed Drainage Area (ac).
Cr= Ci*A; + Co*A, +C3*A;
At
A= 23.14 ac Cy=0.95 Rooftops and Pavement and Surface Water
A,=0.00 ac C,=0.20 Woodlands (Rolling with Sandy Soils)
As;= 114.04 ac C3=0.25 Grass (Rolling with Sandy Soils)
Ar= 13718 ac
Cr=0.37
X25yr= 1.1 Xsoyr= 1.2 Xiooyr= 1.25
i25yr = 6.0 infhr isoyr = 6.6 in/hr i100yr = 7.2 in/hr

i = based on time of concentration from Ditch Calculations -> t; = 23.63 min

Q5 = 333.8 cfs Qs yr = 397.5 cfs Qig0 yr = 454.4 cfs

Qsp0yr = 1.7 X Qqooyr = 772.5 cfs




HY-8 Culvert Analysis Report



Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 198.7 cfs
Design Flow: 227.2 cfs

Maximum Flow: 386.3 cfs



Table 1 - Summary of Culvert Flows at Crossing: South Spruce Creek (Existing)

Headwater Elevation Total Discharge (cfs) (Slioztsr’:ir?gr))nlg)(i;;ﬁ;ergle( Roadway Discharge Iterations

(ft) (cfs) (cfs)

26.15 198.70 198.70 0.00 1
26.19 217.46 217.46 0.00 1
26.21 227.20 227.20 0.00 1
26.29 254.98 254.98 0.00 1
26.34 273.74 273.74 0.00 1
26.40 292.50 292.50 0.00 1
26.46 311.26 311.26 0.00 1
26.53 330.02 330.02 0.00 1
26.60 348.78 348.78 0.00 1
26.67 367.54 367.54 0.00 1
26.75 386.30 386.30 0.00 1
30.60 838.13 838.13 0.00 Overtopping




Rating Curve Plot for Crossing: South Spruce Creek (Existing)

Total Rating Curve
Crossing: South Spruce Creek (Existing)
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Table 2 - Culvert Summary Table: South Spruce Creek (Existing)

) Total Qulvert Headw?ter Inlet Outlet Flow Normal Critical Outlet Tailwater Outlt—‘ft Tailwa'ter

Discharge | Discharge | Elevation Control Control Type Depth (ft) Depth (ft) Depth (ft) Depth (ft) Velocity Velocity
(cfs) (cfs) (ft) Depth (ft) | Depth (ft) (ft/s) (ft/s)
198.70 198.70 26.15 3.138 5.216 4-FFf 3.393 1.843 5.000 5.000 2.839 0.000
217.46 217.46 26.19 3.327 5.259 4-FFf 3.633 1.957 5.000 5.000 3.107 0.000
227.20 227.20 26.21 3.422 5.283 4-FFf 3.754 2.015 5.000 5.000 3.246 0.000
254.98 254.98 26.29 3.689 5.356 4-FFf 4.099 2.176 5.000 5.000 3.643 0.000
273.74 273.74 26.34 3.863 5.411 4-FFf 4.328 2.281 5.000 5.000 3.911 0.000
292.50 292.50 26.40 4.035 5.469 4-FFf 5.000 2.384 5.000 5.000 4179 0.000
311.26 311.26 26.46 4.204 5.531 4-FFf 5.000 2.485 5.000 5.000 4.447 0.000
330.02 330.02 26.53 4.371 5.597 4-FFf 5.000 2.584 5.000 5.000 4.715 0.000
348.78 348.78 26.60 4.536 5.667 4-FFf 5.000 2.681 5.000 5.000 4.983 0.000
367.54 367.54 26.67 4.700 5.740 4-FFf 5.000 2777 5.000 5.000 5.251 0.000
386.30 386.30 26.75 4.864 5.818 4-FFf 5.000 2.870 5.000 5.000 5.519 0.000

Straight Culvert
Inlet Elevation (invert): 20.93 ft, Outlet Elevation (invert): 20.88 ft
Culvert Length: 91.00 ft, Culvert Slope: 0.0005




Culvert Performance Curve Plot: South Spruce Creek (Existing)

Headwater Elevation (ft)

Performance Curve
Culvert: South Spruce Creek (Existing)
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Water Surface Profile Plot for Culvert: South Spruce Creek (Existing)

Crossing - South Spruce Creek (Existing), Design Discharge - 227 2 cfs
Culvert - South Spruce Creek (Existing), Culvert Discharge - 227 2 cfs

-20 0 20 40 60 60
Station (ft)

Site Data - South Spruce Creek (Existing)

Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft

Inlet Elevation: 20.93 ft

Outlet Station: 91.00 ft

Outlet Elevation: 20.88 ft

Number of Barrels: 2

Culvert Data Summary - South Spruce Creek (Existing)

Barrel Shape: Concrete Box

Barrel Span: 7.00 ft

Barrel Rise: 5.00 ft

Barrel Material: Concrete

Embedment: 0.00 in

Barrel Manning's n:  0.0120

Culvert Type: Straight

Inlet Configuration: Square Edge (90°) Headwall
Inlet Depression: NONE

100 120



Table 3 - Downstream Channel Rating Curve (Crossing: South Spruce Creek

Flow (cfs) Water Surface Elev (ft) Depth (ft)
198.70 25.93 5.00
217.46 25.93 5.00
227.20 25.93 5.00
254.98 25.93 5.00
273.74 25.93 5.00
292.50 25.93 5.00
311.26 25.93 5.00
330.02 25.93 5.00
348.78 25.93 5.00
367.54 25.93 5.00
386.30 25.93 5.00

(Existing))

Tailwater Channel Data - South Spruce Creek (Existing)
Tailwater Channel Option: Enter Constant Tailwater Elevation

Constant Tailwater Elevation: 25.93 ft

Roadway Data for Crossing: South Spruce Creek (Existing)
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 100.00 ft
Crest Elevation: 30.60 ft
Roadway Surface: Paved
Roadway Top Width: 48.00 ft



HY-8 Culvert Analysis Report



Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 198.7 cfs
Design Flow: 227.2 cfs

Maximum Flow: 386.3 cfs



Table 1 - Summary of Culvert Flows at Crossing: South Spruce Creek (Proposed)

Headwater Elevation Total Discharge (cfs) (Igroc;ggsserc)ir)utc)iesgt::regke Roadway Discharge Iterations

(ft) (cfs) (cfs)

26.20 198.70 198.70 0.00 1
26.25 217.46 217.46 0.00 1
26.28 227.20 227.20 0.00 1
26.38 254.98 254.98 0.00 1
26.45 273.74 273.74 0.00 1
26.52 292.50 292.50 0.00 1
26.60 311.26 311.26 0.00 1
26.69 330.02 330.02 0.00 1
26.78 348.78 348.78 0.00 1
26.88 367.54 367.54 0.00 1
26.98 386.30 386.30 0.00 1
30.60 762.54 762.54 0.00 Overtopping




Rating Curve Plot for Crossing: South Spruce Creek (Proposed)

Headwater Elevation (ft)

Total Rating Curve
Crossing: South Spruce Creek (Proposed)
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Table 2 - Culvert Summary Table: South Spruce Creek (Proposed)

Inlet Elevation (invert): 21.94 ft,

Culvert Length: 164.00 ft,

Culvert Slope: 0.0065

Outlet Elevation (invert): 20.88 ft

) Total Qulvert Headw?ter Inlet Outlet Flow Normal Critical Outlet Tailwater Outlt—‘ft Tailwa'ter

Discharge | Discharge | Elevation Control Control Type Depth (ft) Depth (ft) Depth (ft) Depth (ft) Velocity Velocity
(cfs) (cfs) (ft) Depth (ft) | Depth (ft) (ft/s) (ft/s)
198.70 198.70 26.20 3.123 4.260 1-S1f 1.413 1.843 5.000 5.000 2.839 0.000
217.46 217.46 26.25 3.312 4.314 1-S1f 1.500 1.957 5.000 5.000 3.107 0.000
227.20 227.20 26.28 3.408 4.344 1-S1f 1.545 2.015 5.000 5.000 3.246 0.000
254.98 254.98 26.38 3.674 4.437 1-S1f 1.674 2.176 5.000 5.000 3.643 0.000
273.74 273.74 26.45 3.849 4.507 1-S1f 1.760 2.281 5.000 5.000 3.911 0.000
292.50 292.50 26.52 4.020 4.581 1-S1f 1.845 2.384 5.000 5.000 4179 0.000
311.26 311.26 26.60 4.189 4.662 1-S1f 1.925 2.485 5.000 5.000 4.447 0.000
330.02 330.02 26.69 4.356 4.748 1-S1f 2.005 2.584 5.000 5.000 4.715 0.000
348.78 348.78 26.78 4.521 4.839 1-S1f 2.084 2.681 5.000 5.000 4.983 0.000
367.54 367.54 26.88 4.685 4.937 1-S1f 2.164 2777 5.000 5.000 5.251 0.000
386.30 386.30 26.98 4.849 5.042 1-S1f 2.244 2.870 5.000 5.000 5.519 0.000

Straight Culvert




Culvert Performance Curve Plot: South Spruce Creek (Proposed)

Headwater Elevation (ft)

Performance Curve
Culvert: South Spruce Creek (Proposed)
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Water Surface Profile Plot for Culvert: South Spruce Creek (Proposed)

Crossing - South Spruce Creek (Proposed). Design Discharge - 227.2 cfs

Culvert - South Spruce Creek (Proposed), Culvert Discharge - 2272 cfs

-50 0 a0 100
Station (ft)

Site Data - South Spruce Creek (Proposed)
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 21.94 ft
Outlet Station: 164.00 ft
Outlet Elevation: 20.88 ft

Number of Barrels: 2

Culvert Data Summary - South Spruce Creek (Proposed)

Barrel Shape: Concrete Box

Barrel Span: 7.00 ft

Barrel Rise: 5.00 ft

Barrel Material: Concrete

Embedment: 0.00 in

Barrel Manning's n:  0.0120

Culvert Type: Straight

Inlet Configuration: Square Edge (90°) Headwall
Inlet Depression: NONE




Table 3 - Downstream Channel Rating Curve (Crossing: South Spruce Creek

Flow (cfs) Water Surface Elev (ft) Depth (ft)
198.70 25.93 5.00
217.46 25.93 5.00
227.20 25.93 5.00
254.98 25.93 5.00
273.74 25.93 5.00
292.50 25.93 5.00
311.26 25.93 5.00
330.02 25.93 5.00
348.78 25.93 5.00
367.54 25.93 5.00
386.30 25.93 5.00

(Proposed))

Tailwater Channel Data - South Spruce Creek (Proposed)
Tailwater Channel Option: Enter Constant Tailwater Elevation

Constant Tailwater Elevation: 25.93 ft

Roadway Data for Crossing: South Spruce Creek (Proposed)
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 100.00 ft
Crest Elevation: 30.60 ft
Roadway Surface: Paved
Roadway Top Width: 48.00 ft



PROJECT:

LOCATION:

Rational Equation:

HYDROLOGIC ANALYSIS

DATE
made by: DHR 11-Jul-20
checked by:
Stantec job #:
1-95 Pioneer Trail Interchange
| South01-1-95
Qr=Xr* Cr ¥ * Ar
Qr = Peak Runoff for Return Period T (cfs).
X1 = Frequency Factor for Return Period T.
Ct = Average Runoff Coefficient for Return Period T.
it = Average Rainfall Intensity for Return Period T (in/hr).
At = Total Watershed Drainage Area (ac).
Cr= Ci*A; + Co*A, +C3*A;
At
A= 5.06 ac Cy=0.95 Rooftops and Pavement
A= 423.18 ac C,=0.15 Woodlands (Rolling with Sandy Soils)
A;=0.00 ac C3=0.25 Grass (Rolling with Sandy Soils)
A= 428.24 ac (per previous permit, 118421-2)
Cr=10.16
X25yr= 1.1 Xsoyr= 1.2 Xiooyr= 1.25
i25 yr= 0.9 in/hr is0 yr = 1.0 in/hr i100 yr= 1.3 in/hr

i = based on time of concentration from Ditch Calculations -> t, = 385 min

(per previous permit, 118421-2)

Q5 = 65.3 cfs Qs = 80.3 cfs Qig0yr = 106.7 cfs

Qsp0yr = 1.7 X Qqooyr = 181.4 cfs




HY-8 Culvert Analysis Report



Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 80.3 cfs
Design Flow: 106.7 cfs

Maximum Flow: 181.4 cfs



Table 1 - Summary of Culvert Flows at Crossing: South01-1-95 (Proposed)

Headwater Elevation Total Discharge (cfs) (Prosgségggilsgﬁarge Roadway Discharge Iterations

(ft) (cfs) (cfs)

25.04 80.30 80.30 0.00 1
25.11 90.41 90.41 0.00 1
25.19 100.52 100.52 0.00 1
25.24 106.70 106.70 0.00 1
25.36 120.74 120.74 0.00 1
25.46 130.85 130.85 0.00 1
25.57 140.96 140.96 0.00 1
25.68 151.07 151.07 0.00 1
25.81 161.18 161.18 0.00 1
25.94 171.29 171.29 0.00 1
26.13 181.40 181.40 0.00 1
30.39 344.96 344.96 0.00 Overtopping




Rating Curve Plot for Crossing: South01-1-95 (Proposed)

Headwater Elevation (ft)

Total Rating Curve
Crossing: South01-1-95 (Proposed)
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Table 2 - Culvert Summary Table: South01-1-95 (Proposed)

Inlet Elevation (invert): 21.15 ft,

Culvert Length: 182.00 ft,

Culvert Slope: 0.0021

Outlet Elevation (invert): 20.76 ft

) Total Qulvert Headw?ter Inlet Outlet Flow Normal Critical Outlet Tailwater Outlt—‘ft Tailwa'ter

Discharge | Discharge | Elevation Control Control Type Depth (ft) Depth (ft) Depth (ft) Depth (ft) Velocity Velocity
(cfs) (cfs) (ft) Depth (ft) | Depth (ft) (ft/s) (ft/s)
80.30 80.30 25.04 2.713 3.894 3-M1f 1.785 1.599 4.000 3.640 2.868 0.000
90.41 90.41 25.11 2.931 3.962 3-M1f 1.937 1.730 4.000 3.640 3.229 0.000
100.52 100.52 25.19 3.141 4.038 3-M1f 2.088 1.857 4.000 3.640 3.590 0.000
106.70 106.70 25.24 3.266 4.088 3-M1f 2.180 1.932 4.000 3.640 3.811 0.000
120.74 120.74 25.36 3.546 4212 3-M1f 2.379 2.098 4.000 3.640 4.312 0.000
130.85 130.85 25.46 3.744 4.311 3-M1f 2.522 2.214 4.000 3.640 4.673 0.000
140.96 140.96 25.57 3.942 4.417 3-M1f 2.660 2.327 4.000 3.640 5.034 0.000
151.07 151.07 25.68 4.140 4.531 3-M1f 2.798 2.437 4.000 3.640 5.395 0.000
161.18 161.18 25.81 4.340 4.655 3-M1f 2.935 2.544 4.000 3.640 5.756 0.000
171.29 171.29 25.94 4.542 4.793 3-M1f 3.068 2.649 4.000 3.640 6.118 0.000
181.40 181.40 26.13 4.749 4.977 4-FFf 3.202 2.753 4.000 3.640 6.479 0.000

Straight Culvert




Culvert Performance Curve Plot: South01-1-95 (Proposed)
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Water Surface Profile Plot for Culvert: South01-1-95 (Proposed)

Crossing - South01-I-95 (Proposed), Design Discharge - 106.7 cfs
Culvert - South01-I-95 (Proposed), Culvert Discharge - 106.7 cfs

a0

Site Data - South01-1-95 (Proposed)
Site Data Option:
0.00 ft
21.15 ft
182.00 ft
20.76 ft

Number of Barrels: 1

Culvert Invert Data
Inlet Station:

Inlet Elevation:
Outlet Station:

Outlet Elevation:

Culvert Data Summary - South01-1-95 (Proposed)

Barrel Shape: Concrete Box
Barrel Span: 7.00 ft
Barrel Rise: 4.00 ft
Barrel Material:
0.00 in

Barrel Manning's n:

Concrete
Embedment:
0.0120
Culvert Type: Straight

Inlet Configuration:

Inlet Depression: NONE

100
Station (ft)

Square Edge (90°) Headwall




Table 3 - Downstream Channel Rating Curve (Crossing: South01-1-95 (Proposed))

Flow (cfs) Water Surface Elev (ft) Depth (ft)
80.30 24.79 3.64
90.41 24.79 3.64
100.52 24.79 3.64
106.70 24.79 3.64
120.74 24.79 3.64
130.85 24.79 3.64
140.96 24.79 3.64
151.07 24.79 3.64
161.18 24.79 3.64
171.29 24.79 3.64
181.40 24.79 3.64

Tailwater Channel Data - South01-1-95 (Proposed)
Tailwater Channel Option: Enter Constant Tailwater Elevation

Constant Tailwater Elevation: 24.79 ft

Roadway Data for Crossing: South01-1-95 (Proposed)
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 250.00 ft
Crest Elevation: 30.39 ft
Roadway Surface: Paved
Roadway Top Width: 60.00 ft



HY-8 Culvert Analysis Report



Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 80.3 cfs
Design Flow: 106.7 cfs

Maximum Flow: 181.4 cfs



Table 1 - Summary of Culvert Flows at Crossing: South01-1-95 (Proposed)

Headwater Elevation Total Discharge (cfs) (Prosgségggilsgﬁarge Roadway Discharge Iterations

(ft) (cfs) (cfs)

25.04 80.30 80.30 0.00 1
25.11 90.41 90.41 0.00 1
25.19 100.52 100.52 0.00 1
25.24 106.70 106.70 0.00 1
25.36 120.74 120.74 0.00 1
25.46 130.85 130.85 0.00 1
25.57 140.96 140.96 0.00 1
25.68 151.07 151.07 0.00 1
25.81 161.18 161.18 0.00 1
25.94 171.29 171.29 0.00 1
26.13 181.40 181.40 0.00 1
30.39 344.96 344.96 0.00 Overtopping




Rating Curve Plot for Crossing: South01-1-95 (Proposed)

Headwater Elevation (ft)

Total Rating Curve
Crossing: South01-1-95 (Proposed)
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Table 2 - Culvert Summary Table: South01-1-95 (Proposed)

Inlet Elevation (invert): 21.15 ft,

Culvert Length: 182.00 ft,

Culvert Slope: 0.0021

Outlet Elevation (invert): 20.76 ft

) Total Qulvert Headw?ter Inlet Outlet Flow Normal Critical Outlet Tailwater Outlt—‘ft Tailwa'ter

Discharge | Discharge | Elevation Control Control Type Depth (ft) Depth (ft) Depth (ft) Depth (ft) Velocity Velocity
(cfs) (cfs) (ft) Depth (ft) | Depth (ft) (ft/s) (ft/s)
80.30 80.30 25.04 2.713 3.894 3-M1f 1.785 1.599 4.000 3.640 2.868 0.000
90.41 90.41 25.11 2.931 3.962 3-M1f 1.937 1.730 4.000 3.640 3.229 0.000
100.52 100.52 25.19 3.141 4.038 3-M1f 2.088 1.857 4.000 3.640 3.590 0.000
106.70 106.70 25.24 3.266 4.088 3-M1f 2.180 1.932 4.000 3.640 3.811 0.000
120.74 120.74 25.36 3.546 4212 3-M1f 2.379 2.098 4.000 3.640 4.312 0.000
130.85 130.85 25.46 3.744 4.311 3-M1f 2.522 2.214 4.000 3.640 4.673 0.000
140.96 140.96 25.57 3.942 4.417 3-M1f 2.660 2.327 4.000 3.640 5.034 0.000
151.07 151.07 25.68 4.140 4.531 3-M1f 2.798 2.437 4.000 3.640 5.395 0.000
161.18 161.18 25.81 4.340 4.655 3-M1f 2.935 2.544 4.000 3.640 5.756 0.000
171.29 171.29 25.94 4.542 4.793 3-M1f 3.068 2.649 4.000 3.640 6.118 0.000
181.40 181.40 26.13 4.749 4.977 4-FFf 3.202 2.753 4.000 3.640 6.479 0.000

Straight Culvert




Culvert Performance Curve Plot: South01-1-95 (Proposed)
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Water Surface Profile Plot for Culvert: South01-1-95 (Proposed)

Crossing - South01-I-95 (Proposed), Design Discharge - 106.7 cfs
Culvert - South01-I-95 (Proposed), Culvert Discharge - 106.7 cfs

a0

Site Data - South01-1-95 (Proposed)
Site Data Option:
0.00 ft
21.15 ft
182.00 ft
20.76 ft

Number of Barrels: 1

Culvert Invert Data
Inlet Station:

Inlet Elevation:
Outlet Station:

Outlet Elevation:

Culvert Data Summary - South01-1-95 (Proposed)

Barrel Shape: Concrete Box
Barrel Span: 7.00 ft
Barrel Rise: 4.00 ft
Barrel Material:
0.00 in

Barrel Manning's n:

Concrete
Embedment:
0.0120
Culvert Type: Straight

Inlet Configuration:

Inlet Depression: NONE

100
Station (ft)

Square Edge (90°) Headwall




Table 3 - Downstream Channel Rating Curve (Crossing: South01-1-95 (Proposed))

Flow (cfs) Water Surface Elev (ft) Depth (ft)
80.30 24.79 3.64
90.41 24.79 3.64
100.52 24.79 3.64
106.70 24.79 3.64
120.74 24.79 3.64
130.85 24.79 3.64
140.96 24.79 3.64
151.07 24.79 3.64
161.18 24.79 3.64
171.29 24.79 3.64
181.40 24.79 3.64

Tailwater Channel Data - South01-1-95 (Proposed)
Tailwater Channel Option: Enter Constant Tailwater Elevation

Constant Tailwater Elevation: 24.79 ft

Roadway Data for Crossing: South01-1-95 (Proposed)
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 250.00 ft
Crest Elevation: 30.39 ft
Roadway Surface: Paved
Roadway Top Width: 60.00 ft



PROJECT:

LOCATION:

Rational Equation:

HYDROLOGIC ANALYSIS

DATE
made by: DHR 11-Jul-20
checked by:
Stantec job #:
1-95 Pioneer Trail Interchange
| South02-1-95
Qr=Xr* Cr ¥ * Ar
Qr = Peak Runoff for Return Period T (cfs).
X1 = Frequency Factor for Return Period T.
Ct = Average Runoff Coefficient for Return Period T.
it = Average Rainfall Intensity for Return Period T (in/hr).
At = Total Watershed Drainage Area (ac).
Cr= Ci*A; + Co*A, +C3*A;
At
A= 5.06 ac Cy=0.95 Rooftops and Pavement
A= 423.18 ac C,=0.15 Woodlands (Rolling with Sandy Soils)
A;=0.00 ac C3=0.25 Grass (Rolling with Sandy Soils)
A= 428.24 ac (per previous permit, 118421-2)
Cr=10.16
X25yr= 1.1 Xsoyr= 1.2 Xiooyr= 1.25
i25 yr= 0.9 in/hr is0 yr = 1.0 in/hr i100 yr= 1.3 in/hr

i = based on time of concentration from Ditch Calculations -> t, = 385 min

(per previous permit, 118421-2)

Q5 = 65.3 cfs Qs = 80.3 cfs Qig0yr = 106.7 cfs

Qsp0yr = 1.7 X Qqooyr = 181.4 cfs




HY-8 Culvert Analysis Report



Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 80.3 cfs
Design Flow: 106.7 cfs

Maximum Flow: 181.4 cfs



Table 1 - Summary of Culvert Flows at Crossing: South02-1-95 (Proposed)

Headwater Elevation Total Discharge (cfs) (Prosgsu;gg)zDilsgﬁarge Roadway Discharge Iterations

(ft) (cfs) (cfs)

25.05 80.30 80.30 0.00 1
25.12 90.41 90.41 0.00 1
25.20 100.52 100.52 0.00 1
25.25 106.70 106.70 0.00 1
25.38 120.74 120.74 0.00 1
25.49 130.85 130.85 0.00 1
25.60 140.96 140.96 0.00 1
25.72 151.07 151.07 0.00 1
25.85 161.18 161.18 0.00 1
25.98 171.29 171.29 0.00 1
26.13 181.40 181.40 0.00 1
30.39 359.12 359.12 0.00 Overtopping




Rating Curve Plot for Crossing: South02-1-95 (Proposed)

Headwater Elevation (ft)

Total Rating Curve
Crossing: South02-1-95 (Proposed)
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Table 2 - Culvert Summary Table: South02-1-95 (Proposed)

Inlet Elevation (invert): 20.63 ft,

Culvert Length: 182.00 ft,

Culvert Slope: 0.0027

Outlet Elevation (invert): 20.13 ft

) Total Qulvert Headw?ter Inlet Outlet Flow Normal Critical Outlet Tailwater Outlt—‘ft Tailwa'ter

Discharge | Discharge | Elevation Control Control Type Depth (ft) Depth (ft) Depth (ft) Depth (ft) Velocity Velocity
(cfs) (cfs) (ft) Depth (ft) | Depth (ft) (ft/s) (ft/s)
80.30 80.30 25.05 2.712 4.422 4-FFf 1.635 1.599 4.000 4.160 2.868 0.000
90.41 90.41 25.12 2.929 4.492 4-FFf 1.778 1.730 4.000 4.160 3.229 0.000
100.52 100.52 25.20 3.139 4.570 4-FFf 1.913 1.857 4.000 4.160 3.590 0.000
106.70 106.70 25.25 3.265 4.622 4-FFf 1.994 1.932 4.000 4.160 3.811 0.000
120.74 120.74 25.38 3.545 4.752 4-FFf 2179 2.098 4.000 4.160 4.312 0.000
130.85 130.85 25.49 3.743 4.856 4-FFf 2.305 2.214 4.000 4.160 4.673 0.000
140.96 140.96 25.60 3.941 4.967 4-FFf 2432 2.327 4.000 4.160 5.034 0.000
151.07 151.07 25.72 4.139 5.087 4-FFf 2.557 2.437 4.000 4.160 5.395 0.000
161.18 161.18 25.85 4.339 5.215 4-FFf 2.679 2.544 4.000 4.160 5.756 0.000
171.29 171.29 25.98 4.541 5.352 4-FFf 2.801 2.649 4.000 4.160 6.118 0.000
181.40 181.40 26.13 4.748 5.497 4-FFf 2.922 2.753 4.000 4.160 6.479 0.000

Straight Culvert




Culvert Performance Curve Plot: South02-1-95 (Proposed)

Performance Curve
Culvert: South02-1-95 (Proposed)
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Water Surface Profile Plot for Culvert: South02-1-95 (Proposed)

Crossing - South02-1-95 (Proposed), Design Discharge - 106.7 cfs
Culvert - South02-1-95 (Proposed), Culvert Discharge - 106.7 cfs

W 25

-50 0 a0 100 150 200
Station (ft)

Site Data - South02-1-95 (Proposed)
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 20.63 ft
Outlet Station: 182.00 ft
Outlet Elevation: 20.13 ft

Number of Barrels: 1

Culvert Data Summary - South02-1-95 (Proposed)
Barrel Shape: Concrete Box
Barrel Span: 7.00 ft
Barrel Rise: 4.00 ft
Barrel Material: Concrete
Embedment: 0.00 in
Barrel Manning's n:  0.0120
Culvert Type: Straight
Inlet Configuration: Square Edge (90°) Headwall
Inlet Depression: NONE



Table 3 - Downstream Channel Rating Curve (Crossing: South02-1-95 (Proposed))

Flow (cfs) Water Surface Elev (ft) Depth (ft)
80.30 24.79 4.16
90.41 24.79 4.16
100.52 24.79 4.16
106.70 24.79 4.16
120.74 24.79 4.16
130.85 24.79 4.16
140.96 24.79 4.16
151.07 24.79 4.16
161.18 24.79 4.16
171.29 24.79 4.16
181.40 24.79 4.16

Tailwater Channel Data - South02-1-95 (Proposed)
Tailwater Channel Option: Enter Constant Tailwater Elevation

Constant Tailwater Elevation: 24.79 ft

Roadway Data for Crossing: South02-1-95 (Proposed)
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 250.00 ft
Crest Elevation: 30.39 ft
Roadway Surface: Paved
Roadway Top Width: 60.00 ft



HY-8 Culvert Analysis Report



Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 80.3 cfs
Design Flow: 106.7 cfs

Maximum Flow: 181.4 cfs



Table 1 - Summary of Culvert Flows at Crossing: South02-1-95 (Proposed)

Headwater Elevation Total Discharge (cfs) (Prosgsu;gg)zDilsgﬁarge Roadway Discharge Iterations

(ft) (cfs) (cfs)

25.05 80.30 80.30 0.00 1
25.12 90.41 90.41 0.00 1
25.20 100.52 100.52 0.00 1
25.25 106.70 106.70 0.00 1
25.38 120.74 120.74 0.00 1
25.49 130.85 130.85 0.00 1
25.60 140.96 140.96 0.00 1
25.72 151.07 151.07 0.00 1
25.85 161.18 161.18 0.00 1
25.98 171.29 171.29 0.00 1
26.13 181.40 181.40 0.00 1
30.39 359.12 359.12 0.00 Overtopping




Rating Curve Plot for Crossing: South02-1-95 (Proposed)

Headwater Elevation (ft)

Total Rating Curve
Crossing: South02-1-95 (Proposed)
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Table 2 - Culvert Summary Table: South02-1-95 (Proposed)

Inlet Elevation (invert): 20.63 ft,

Culvert Length: 182.00 ft,

Culvert Slope: 0.0027

Outlet Elevation (invert): 20.13 ft

) Total Qulvert Headw?ter Inlet Outlet Flow Normal Critical Outlet Tailwater Outlt—‘ft Tailwa'ter

Discharge | Discharge | Elevation Control Control Type Depth (ft) Depth (ft) Depth (ft) Depth (ft) Velocity Velocity
(cfs) (cfs) (ft) Depth (ft) | Depth (ft) (ft/s) (ft/s)
80.30 80.30 25.05 2.712 4.422 4-FFf 1.635 1.599 4.000 4.160 2.868 0.000
90.41 90.41 25.12 2.929 4.492 4-FFf 1.778 1.730 4.000 4.160 3.229 0.000
100.52 100.52 25.20 3.139 4.570 4-FFf 1.913 1.857 4.000 4.160 3.590 0.000
106.70 106.70 25.25 3.265 4.622 4-FFf 1.994 1.932 4.000 4.160 3.811 0.000
120.74 120.74 25.38 3.545 4.752 4-FFf 2179 2.098 4.000 4.160 4.312 0.000
130.85 130.85 25.49 3.743 4.856 4-FFf 2.305 2.214 4.000 4.160 4.673 0.000
140.96 140.96 25.60 3.941 4.967 4-FFf 2432 2.327 4.000 4.160 5.034 0.000
151.07 151.07 25.72 4.139 5.087 4-FFf 2.557 2.437 4.000 4.160 5.395 0.000
161.18 161.18 25.85 4.339 5.215 4-FFf 2.679 2.544 4.000 4.160 5.756 0.000
171.29 171.29 25.98 4.541 5.352 4-FFf 2.801 2.649 4.000 4.160 6.118 0.000
181.40 181.40 26.13 4.748 5.497 4-FFf 2.922 2.753 4.000 4.160 6.479 0.000

Straight Culvert




Culvert Performance Curve Plot: South02-1-95 (Proposed)

Performance Curve
Culvert: South02-1-95 (Proposed)
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Water Surface Profile Plot for Culvert: South02-1-95 (Proposed)

Crossing - South02-1-95 (Proposed), Design Discharge - 106.7 cfs
Culvert - South02-1-95 (Proposed), Culvert Discharge - 106.7 cfs

W 25

-50 0 a0 100 150 200
Station (ft)

Site Data - South02-1-95 (Proposed)
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 20.63 ft
Outlet Station: 182.00 ft
Outlet Elevation: 20.13 ft

Number of Barrels: 1

Culvert Data Summary - South02-1-95 (Proposed)
Barrel Shape: Concrete Box
Barrel Span: 7.00 ft
Barrel Rise: 4.00 ft
Barrel Material: Concrete
Embedment: 0.00 in
Barrel Manning's n:  0.0120
Culvert Type: Straight
Inlet Configuration: Square Edge (90°) Headwall
Inlet Depression: NONE



Table 3 - Downstream Channel Rating Curve (Crossing: South02-1-95 (Proposed))

Flow (cfs) Water Surface Elev (ft) Depth (ft)
80.30 24.79 4.16
90.41 24.79 4.16
100.52 24.79 4.16
106.70 24.79 4.16
120.74 24.79 4.16
130.85 24.79 4.16
140.96 24.79 4.16
151.07 24.79 4.16
161.18 24.79 4.16
171.29 24.79 4.16
181.40 24.79 4.16

Tailwater Channel Data - South02-1-95 (Proposed)
Tailwater Channel Option: Enter Constant Tailwater Elevation

Constant Tailwater Elevation: 24.79 ft

Roadway Data for Crossing: South02-1-95 (Proposed)
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 250.00 ft
Crest Elevation: 30.39 ft
Roadway Surface: Paved
Roadway Top Width: 60.00 ft



PROJECT:

LOCATION:

Rational Equation:

HYDROLOGIC ANALYSIS

DATE

made by: DHR

11-Jul-20

checked by:
Stantec job #:
1-95 Pioneer Trail Interchange
| South03-1-95
Qr=Xr* Cr ¥ * Ar
Qr = Peak Runoff for Return Period T (cfs).
X1 = Frequency Factor for Return Period T.
Ct = Average Runoff Coefficient for Return Period T.
it = Average Rainfall Intensity for Return Period T (in/hr).
At = Total Watershed Drainage Area (ac).
Cr= Ci*A; + Co*A, +C3*A;
At
A= 144 ac Cy=0.95 Rooftops and Pavement
A= 10.16 ac C,=0.15 Woodlands (Rolling with Sandy Soils)
A;=0.00 ac C3=0.25 Grass (Rolling with Sandy Soils)
Ar=11.60 ac (per previous permit, 118421-2)
Cr=0.25
X25yr= 1.1 Xsoyr= 1.2 Xiooyr= 1.25
i25 yr= 2.6 in/hr isoyr =2.9in/hr i100 yr= 4.0 in/hr

i = based on time of concentration from Ditch Calculations -> t, = 103 min

(per previous permit, 118421-2)

Qa5 = 8.2 cfs Qs yr = 9.9 cfs Qig0yr = 14.5 cfs

Qso0yr = 1.7 X Quooyr = 24.6 cfs




HY-8 Culvert Analysis Report



Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 9.9 cfs
Design Flow: 14.5 cfs

Maximum Flow: 24.6 cfs



Table 1 - Summary of Culvert Flows at Crossing: South03-1-95 (Existing)

Headwater Elevation Total Discharge (cfs) (Exii’fi)gg;olgislcigrge Roadway Discharge Iterations
(ft) (cfs)
(cfs)

25.54 9.90 9.90 0.00 1
25.54 11.37 11.37 0.00 1
25.55 12.84 12.84 0.00 1
25.56 14.31 14.31 0.00 1
25.56 14.50 14.50 0.00 1
25.57 17.25 17.25 0.00 1
25.58 18.72 18.72 0.00 1
25.59 20.19 20.19 0.00 1
25.60 21.66 21.66 0.00 1
25.61 23.13 23.13 0.00 1
25.63 24.60 24.60 0.00 1
30.31 165.84 165.84 0.00 Overtopping




Rating Curve Plot for Crossing: South03-1-95 (Existing)

Total Rating Curve
Crossing: South03-1-95 (Existing)
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Table 2 - Culvert Summary Table: South03-1-95 (Existing)

) Total Qulvert Headw?ter Inlet Outlet Flow Normal Critical Outlet Tailwater Outlt—‘ft Tailwa'ter

Discharge | Discharge | Elevation Control Control Type Depth (ft) Depth (ft) Depth (ft) Depth (ft) Velocity Velocity
(cfs) (cfs) (ft) Depth (ft) | Depth (ft) (ft/s) (ft/s)
9.90 9.90 25.54 0.947 3.017 4-FFf 0.822 0.693 3.000 3.000 0.700 0.000
11.37 11.37 25.54 1.020 3.023 4-FFf 0.877 0.745 3.000 3.000 0.804 0.000
12.84 12.84 25.55 1.090 3.029 4-FFf 0.932 0.793 3.000 3.000 0.908 0.000
14.31 14.31 25.56 1.157 3.036 4-FFf 0.988 0.839 3.000 3.000 1.012 0.000
14.50 14.50 25.56 1.165 3.037 4-FFf 0.995 0.842 3.000 3.000 1.026 0.000
17.25 17.25 25.57 1.273 3.052 4-FFf 1.098 0.923 3.000 3.000 1.220 0.000
18.72 18.72 25.58 1.329 3.061 4-FFf 1.145 0.963 3.000 3.000 1.324 0.000
20.19 20.19 25.59 1.385 3.071 4-FFf 1.191 1.002 3.000 3.000 1.428 0.000
21.66 21.66 25.60 1.439 3.082 4-FFf 1.238 1.040 3.000 3.000 1.532 0.000
23.13 23.13 25.61 1.491 3.093 4-FFf 1.285 1.073 3.000 3.000 1.636 0.000
24.60 24.60 25.63 1.550 3.105 4-FFf 1.332 1.109 3.000 3.000 1.740 0.000

Straight Culvert
Inlet Elevation (invert): 22.52 ft, Outlet Elevation (invert): 22.31 ft
Culvert Length: 121.00 ft, Culvert Slope: 0.0017




Culvert

Performance Curve Plot: South03-1-95 (Existing)

Performance Curve
Culvert: South03-1-95 (Existing)
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Water Surface Profile Plot for Culvert: South03-1-95 (Existing)

Crossing - South03-1-95 (Existing), Design Discharge - 14.5 cfs
Culvert - South03-I-95 (Existing), Culvert Discharge - 14.5 cfs
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Site Data - South03-1-95 (Existing)

Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft

Inlet Elevation: 22.52 ft

Outlet Station: 121.00 ft

Outlet Elevation: 22.31 ft

Number of Barrels: 2

Culvert Data Summary - South03-1-95 (Existing)

Barrel Shape: Circular

Barrel Diameter: 3.00 ft

Barrel Material: Concrete

Embedment: 0.00 in

Barrel Manning's n:  0.0120

Culvert Type: Straight

Inlet Configuration: Square Edge with Headwall

Inlet Depression: NONE

100 150



Table 3 - Downstream Channel Rating Curve (Crossing: South03-1-95 (Existing))

Flow (cfs) Water Surface Elev (ft) Depth (ft)
9.90 25.52 3.00
11.37 25.52 3.00
12.84 25.52 3.00
14.31 25.52 3.00
14.50 25.52 3.00
17.25 25.52 3.00
18.72 25.52 3.00
20.19 25.52 3.00
21.66 25.52 3.00
23.13 25.52 3.00
24.60 25.52 3.00

Tailwater Channel Data - South03-1-95 (Existing)
Tailwater Channel Option: Enter Constant Tailwater Elevation

Constant Tailwater Elevation: 25.52 ft

Roadway Data for Crossing: South03-1-95 (Existing)
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 250.00 ft
Crest Elevation: 30.31 ft
Roadway Surface: Paved
Roadway Top Width: 38.00 ft



HY-8 Culvert Analysis Report



Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 9.9 cfs
Design Flow: 14.5 cfs

Maximum Flow: 24.6 cfs



Table 1 - Summary of Culvert Flows at Crossing: South03-1-95 (Proposed)

Headwater Elevation Total Discharge (cfs) (Prosgsu;gg)%ilsgﬁarge Roadway Discharge Iterations
(ft) (cfs)
(cfs)

25.54 9.90 9.90 0.00 1
25.54 11.37 11.37 0.00 1
25.55 12.84 12.84 0.00 1
25.56 14.31 14.31 0.00 1
25.56 14.50 14.50 0.00 1
25.57 17.25 17.25 0.00 1
25.58 18.72 18.72 0.00 1
25.59 20.19 20.19 0.00 1
25.61 21.66 21.66 0.00 1
25.62 23.13 23.13 0.00 1
25.63 24.60 24.60 0.00 1
30.31 161.70 161.70 0.00 Overtopping




Rating Curve Plot for Crossing: South03-1-95 (Proposed)

Total Rating Curve
Crossing: South03-1-95 (Proposed)
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Table 2 - Culvert Summary Table: South03-1-95 (Proposed)

Inlet Elevation (invert): 22.54 ft,

Culvert Length: 140.00 ft,

Culvert Slope: 0.0014

Outlet Elevation (invert): 22.35 ft

) Total Qulvert Headw?ter Inlet Outlet Flow Normal Critical Outlet Tailwater Outlt—‘ft Tailwa'ter

Discharge | Discharge | Elevation Control Control Type Depth (ft) Depth (ft) Depth (ft) Depth (ft) Velocity Velocity
(cfs) (cfs) (ft) Depth (ft) | Depth (ft) (ft/s) (ft/s)
9.90 9.90 25.54 0.948 2.998 3-M1f 0.870 0.693 3.000 2.980 0.700 0.000
11.37 11.37 25.54 1.020 3.004 3-M1f 0.933 0.745 3.000 2.980 0.804 0.000
12.84 12.84 25.55 1.090 3.010 3-M1f 0.996 0.793 3.000 2.980 0.908 0.000
14.31 14.31 25.56 1.157 3.018 3-M1f 1.058 0.839 3.000 2.980 1.012 0.000
14.50 14.50 25.56 1.165 3.019 3-M1f 1.067 0.842 3.000 2.980 1.026 0.000
17.25 17.25 25.57 1.273 3.035 3-M1f 1.170 0.923 3.000 2.980 1.220 0.000
18.72 18.72 25.58 1.330 3.044 4-FFf 1.223 0.963 3.000 2.980 1.324 0.000
20.19 20.19 25.59 1.385 3.055 4-FFf 1.276 1.002 3.000 2.980 1.428 0.000
21.66 21.66 25.61 1.439 3.066 4-FFf 1.329 1.040 3.000 2.980 1.532 0.000
23.13 23.13 25.62 1.492 3.078 4-FFf 1.381 1.073 3.000 2.980 1.636 0.000
24.60 24.60 25.63 1.551 3.091 4-FFf 1.430 1.109 3.000 2.980 1.740 0.000

Straight Culvert




Culvert

Performance Curve Plot: South03-1-95 (Proposed)

Performance Curve
Culvert: South03-1-95 (Proposed)
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Water Surface Profile Plot for Culvert: South03-1-95 (Proposed)

Crossing - South03-I-95 (Proposed), Design Discharge - 14.5 cfs
Culvert - South03-I-95 (Proposed), Culvert Discharge - 145 cfs

[ %]
]
|

[J
[{s]
|

[J
co
|

M
-
]
TTTT

Ma
]
|

Elevation (ft)

[J
on
|

M2
e
|

[
%]
|

[»J
]
|

0 a0 100 150
Station (ft)

Site Data - South03-1-95 (Proposed)
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 22.54 ft
Outlet Station: 140.00 ft
Outlet Elevation: 22.35 ft

Number of Barrels: 2

Culvert Data Summary - South03-1-95 (Proposed)
Barrel Shape: Circular
Barrel Diameter: 3.00 ft
Barrel Material: Concrete
Embedment: 0.00 in
Barrel Manning's n:  0.0120
Culvert Type: Straight
Inlet Configuration: Square Edge with Headwall

Inlet Depression: NONE



Table 3 - Downstream Channel Rating Curve (Crossing: South03-1-95 (Proposed))

Flow (cfs) Water Surface Elev (ft) Depth (ft)
9.90 25.52 2.98
11.37 25.52 2.98
12.84 25.52 2.98
14.31 25.52 2.98
14.50 25.52 2.98
17.25 25.52 2.98
18.72 25.52 2.98
20.19 25.52 2.98
21.66 25.52 2.98
23.13 25.52 2.98
24.60 25.52 2.98

Tailwater Channel Data - South03-1-95 (Proposed)
Tailwater Channel Option: Enter Constant Tailwater Elevation

Constant Tailwater Elevation: 25.52 ft

Roadway Data for Crossing: South03-1-95 (Proposed)
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 250.00 ft
Crest Elevation: 30.31 ft
Roadway Surface: Paved
Roadway Top Width: 38.00 ft



PROJECT:

LOCATION:

Rational Equation:

HYDROLOGIC ANALYSIS

DATE

made by: DHR

11-Jul-20

checked by:
Stantec job #:
1-95 Pioneer Trail Interchange
| South04-1-95
Qr=Xr* Cr ¥ * Ar
Qr = Peak Runoff for Return Period T (cfs).
X1 = Frequency Factor for Return Period T.
Ct = Average Runoff Coefficient for Return Period T.
it = Average Rainfall Intensity for Return Period T (in/hr).
At = Total Watershed Drainage Area (ac).
Cr= Ci*A; + Co*A, +C3*A;
At
A= 0.10 ac Cy=0.95 Rooftops and Pavement
A= 1.86 ac C,=0.15 Woodlands (Rolling with Sandy Soils)
A;=0.00 ac C3=0.25 Grass (Rolling with Sandy Soils)
A= 1.96 ac (per previous permit, 118421-2)
Cr=10.19
X25yr= 1.1 Xsoyr= 1.2 Xiooyr= 1.25
i25 yr= 7.2 in/hr isoyr =7.8in/hr i100 yr= 8.5 in/hr

i = based on time of concentration from Ditch Calculations -> t; = 15 min

(per previous permit, 118421-2)

Q25 = 3.0 cfs Qsoyr = 3.5 cfs Qig0yr = 4.0 cfs

Qs00yr = 1.7 X Qqooyr = 6.8 cfs




HY-8 Culvert Analysis Report



Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 3 cfs
Design Flow: 7.8 cfs

Maximum Flow: 8.5 cfs



Table 1 - Summary of Culvert Flows at Crossing: South04-1-95 (Existing)

Headwater Elevation Total Discharge (cfs) (Exii’fi)gg;oté)lislc?grge Roadway Discharge Iterations

(ft) (cfs) (cfs)

25.98 3.00 3.00 0.00 1
25.98 3.55 3.55 0.00 1
25.98 4.10 4.10 0.00 1
25.98 4.65 4.65 0.00 1
25.98 5.20 5.20 0.00 1
25.99 5.75 5.75 0.00 1
25.99 6.30 6.30 0.00 1
25.99 6.85 6.85 0.00 1
25.99 7.40 7.40 0.00 1
25.99 7.80 7.80 0.00 1
25.99 8.50 8.50 0.00 1
30.39 159.12 159.12 0.00 Overtopping




Rating Curve Plot for Crossing: South04-1-95 (Existing)

Total Rating Curve
Crossing: South04-1-95 (Existing)

0 20 40 60 80 100 120 140 160
Total Discharge (cfs)



Table 2 - Culvert Summary Table: South04-1-95 (Existing)

) Total Qulvert Headw?ter Inlet Outlet Flow Normal Critical Outlet Tailwater Outlt—‘ft Tailwa'ter

Discharge | Discharge | Elevation Control Control Type Depth (ft) Depth (ft) Depth (ft) Depth (ft) Velocity Velocity
(cfs) (cfs) (ft) Depth (ft) | Depth (ft) (ft/s) (ft/s)
3.00 3.00 25.98 0.505 3.002 4-FFf 0.409 0.375 3.000 3.000 0.212 0.000
3.55 3.55 25.98 0.551 3.002 4-FFf 0.450 0.409 3.000 3.000 0.251 0.000
4.10 4.10 25.98 0.595 3.003 4-FFf 0.491 0.441 3.000 3.000 0.290 0.000
4.65 4.65 25.98 0.637 3.004 4-FFf 0.531 0.471 3.000 3.000 0.329 0.000
5.20 5.20 25.98 0.677 3.005 4-FFf 0.561 0.499 3.000 3.000 0.368 0.000
5.75 5.75 25.99 0.716 3.006 4-FFf 0.586 0.525 3.000 3.000 0.407 0.000
6.30 6.30 25.99 0.753 3.007 4-FFf 0.611 0.551 3.000 3.000 0.446 0.000
6.85 6.85 25.99 0.790 3.008 4-FFf 0.636 0.572 3.000 3.000 0.485 0.000
7.40 7.40 25.99 0.825 3.010 4-FFf 0.660 0.595 3.000 3.000 0.523 0.000
7.80 7.80 25.99 0.837 3.011 4-FFf 0.678 0.612 3.000 3.000 0.552 0.000
8.50 8.50 25.99 0.874 3.013 4-FFf 0.710 0.640 3.000 3.000 0.601 0.000

Straight Culvert
Inlet Elevation (invert): 22.98 ft, Outlet Elevation (invert): 22.72 ft
Culvert Length: 121.00 ft, Culvert Slope: 0.0021




Culvert

Performance Curve Plot: South04-1-95 (Existing)

Performance Curve
Culvert: South04-1-95 (Existing)
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Water Surface Profile Plot for Culvert: South04-1-95 (Existing)
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Crossing - South04-1-95 (Existing)., Design Discharge - 7.8 cfs

Culvert - South04-I-95 (Existing), Culvert Discharge - 7.8 cfs

0 a0
Station (ft)

Site Data - South04-1-95 (Existing)

Site Data Option: Culvert Invert Data
0.00 ft
22.98 ft
121.00 ft
22.72 ft

Number of Barrels: 2

Inlet Station:
Inlet Elevation:
Outlet Station:

Outlet Elevation:

Culvert Data Summary - South04-1-95 (Existing)

Barrel Shape: Circular
3.00 ft

Concrete

Barrel Diameter:
Barrel Material:
0.00 in

Barrel Manning's n:

Embedment:
0.0120
Culvert Type: Straight

Inlet Configuration: Square Edge with Headwall

Inlet Depression: NONE

100 150



Table 3 - Downstream Channel Rating Curve (Crossing: South04-1-95 (Existing))

Flow (cfs) Water Surface Elev (ft) Depth (ft)
3.00 25.98 3.00
3.55 25.98 3.00
410 25.98 3.00
4.65 25.98 3.00
5.20 25.98 3.00
5.75 25.98 3.00
6.30 25.98 3.00
6.85 25.98 3.00
7.40 25.98 3.00
7.80 25.98 3.00
8.50 25.98 3.00

Tailwater Channel Data - South04-1-95 (Existing)
Tailwater Channel Option: Enter Constant Tailwater Elevation

Constant Tailwater Elevation: 25.98 ft

Roadway Data for Crossing: South04-1-95 (Existing)
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 250.00 ft
Crest Elevation: 30.39 ft
Roadway Surface: Paved
Roadway Top Width: 60.00 ft



HY-8 Culvert Analysis Report



Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 3 cfs
Design Flow: 7.8 cfs

Maximum Flow: 8.5 cfs



Table 1 - Summary of Culvert Flows at Crossing: South04-1-95 (Proposed)

Headwater Elevation Total Discharge (cfs) (Prosgsu;gg)élgilsgﬁarge Roadway Discharge Iterations

(ft) (cfs) (cfs)

25.98 3.00 3.00 0.00 1
25.98 3.55 3.55 0.00 1
25.98 4.10 4.10 0.00 1
25.98 4.65 4.65 0.00 1
25.98 5.20 5.20 0.00 1
25.99 5.75 5.75 0.00 1
25.99 6.30 6.30 0.00 1
25.99 6.85 6.85 0.00 1
25.99 7.40 7.40 0.00 1
25.99 7.80 7.80 0.00 1
25.99 8.50 8.50 0.00 1
30.39 159.12 159.12 0.00 Overtopping




Rating Curve Plot for Crossing: South04-1-95 (Proposed)

Total Rating Curve
Crossing: South04-1-95 (Proposed)
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Table 2 - Culvert Summary Table: South04-1-95 (Proposed)

Inlet Elevation (invert): 22.98 ft,

Culvert Length: 121.00 ft,

Culvert Slope: 0.0021

Outlet Elevation (invert): 22.72 ft

) Total Qulvert Headw?ter Inlet Outlet Flow Normal Critical Outlet Tailwater Outlt—‘ft Tailwa'ter

Discharge | Discharge | Elevation Control Control Type Depth (ft) Depth (ft) Depth (ft) Depth (ft) Velocity Velocity
(cfs) (cfs) (ft) Depth (ft) | Depth (ft) (ft/s) (ft/s)
3.00 3.00 25.98 0.505 3.002 4-FFf 0.409 0.375 3.000 3.000 0.212 0.000
3.55 3.55 25.98 0.551 3.002 4-FFf 0.450 0.409 3.000 3.000 0.251 0.000
4.10 4.10 25.98 0.595 3.003 4-FFf 0.491 0.441 3.000 3.000 0.290 0.000
4.65 4.65 25.98 0.637 3.004 4-FFf 0.531 0.471 3.000 3.000 0.329 0.000
5.20 5.20 25.98 0.677 3.005 4-FFf 0.561 0.499 3.000 3.000 0.368 0.000
5.75 5.75 25.99 0.716 3.006 4-FFf 0.586 0.525 3.000 3.000 0.407 0.000
6.30 6.30 25.99 0.753 3.007 4-FFf 0.611 0.551 3.000 3.000 0.446 0.000
6.85 6.85 25.99 0.790 3.008 4-FFf 0.636 0.572 3.000 3.000 0.485 0.000
7.40 7.40 25.99 0.825 3.010 4-FFf 0.660 0.595 3.000 3.000 0.523 0.000
7.80 7.80 25.99 0.837 3.011 4-FFf 0.678 0.612 3.000 3.000 0.552 0.000
8.50 8.50 25.99 0.874 3.013 4-FFf 0.710 0.640 3.000 3.000 0.601 0.000

Straight Culvert




Culvert

Performance Curve Plot: South04-1-95 (Proposed)

Performance Curve
Culvert: South04-1-95 (Proposed)
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Water Surface Profile Plot for Culvert: South04-1-95 (Proposed)

Crossing - South04-I-95 (Proposed), Design Discharge - 7.8 cfs
Culvert - South04-1-95 (Proposed), Culvert Discharge - 7.8 cfs

Elevation (ft)

0 a0 100 150
Station (ft)

Site Data - South04-1-95 (Proposed)
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 22.98 ft
Outlet Station: 121.00 ft
Outlet Elevation: 22.72 ft

Number of Barrels: 2

Culvert Data Summary - South04-1-95 (Proposed)
Barrel Shape: Circular
Barrel Diameter: 3.00 ft
Barrel Material: Concrete
Embedment: 0.00 in
Barrel Manning's n:  0.0120
Culvert Type: Straight
Inlet Configuration: Square Edge with Headwall
Inlet Depression: NONE



Table 3 - Downstream Channel Rating Curve (Crossing: South04-1-95 (Proposed))

Flow (cfs) Water Surface Elev (ft) Depth (ft)
3.00 25.98 3.00
3.55 25.98 3.00
410 25.98 3.00
4.65 25.98 3.00
5.20 25.98 3.00
5.75 25.98 3.00
6.30 25.98 3.00
6.85 25.98 3.00
7.40 25.98 3.00
7.80 25.98 3.00
8.50 25.98 3.00

Tailwater Channel Data - South04-1-95 (Proposed)
Tailwater Channel Option: Enter Constant Tailwater Elevation

Constant Tailwater Elevation: 25.98 ft

Roadway Data for Crossing: South04-1-95 (Proposed)
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 250.00 ft
Crest Elevation: 30.39 ft
Roadway Surface: Paved
Roadway Top Width: 60.00 ft



PROJECT:

LOCATION:

Rational Equation:

HYDROLOGIC ANALYSIS

DATE
made by: DHR 11-Jul-20
checked by:
Stantec job #:
1-95 Pioneer Trail Interchange
| North01-1-95
Qr=Xr* Cr ¥ * Ar
Qr = Peak Runoff for Return Period T (cfs).
X1 = Frequency Factor for Return Period T.
Ct = Average Runoff Coefficient for Return Period T.
it = Average Rainfall Intensity for Return Period T (in/hr).
At = Total Watershed Drainage Area (ac).
Cr= Ci*A; + Co*A, +C3*A;
At
A= 9.37 ac Cy=0.95 Rooftops and Pavement
A= 284.41 ac C,=0.15 Woodlands (Rolling with Sandy Soils)
A;=0.00 ac C3=0.25 Grass (Rolling with Sandy Soils)
A= 293.78 ac (per previous permit, 118421-2)
Cr=10.18
X25yr= 1.1 Xsoyr= 1.2 Xiooyr= 1.25
i25yr= 1.4 in/hr isoyr= 1.5 in/hr i100yr= 1.8 in/hr

i = based on time of concentration from Ditch Calculations -> t, = 225 min

(per previous permit, 118421-2)

Qz5yr = 77.1 cfs Qs yr = 93.4 cfs Qig0yr = 116.0 cfs

Qs00yr = 1.7 X Qqooyr = 197.2 cfs




HY-8 Culvert Analysis Report



Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 93.4 cfs
Design Flow: 116 cfs

Maximum Flow: 197.2 cfs



Table 1 - Summary of Culvert Flows at Crossing: North01-1-95 (Existing)

Headwater Elevation Total Discharge (cfs) (Exizjt(i)r:tgh)olgislcghsarge Roadway Discharge Iterations

(ft) (cfs) (cfs)

26.39 93.40 93.40 0.00 1
26.47 103.78 103.78 0.00 1
26.55 114.16 114.16 0.00 1
26.57 116.00 116.00 0.00 1
26.77 134.92 134.92 0.00 1
26.90 145.30 145.30 0.00 1
27.07 155.68 155.68 0.00 1
27.16 166.06 166.06 0.00 1
27.35 176.44 176.44 0.00 1
27.53 186.82 186.82 0.00 1
27.71 197.20 197.20 0.00 1
30.48 340.49 340.49 0.00 Overtopping




Rating Curve Plot for Crossing: North01-1-95 (Existing)

Total Rating Curve
Crossing: North01-1-95 (Existing)

100 150 200 250 300 350
Total Discharge (cfs)



Table 2 - Culvert Summary Table: North01-1-95 (Existing)

) Total Qulvert Headw?ter Inlet Outlet Flow Normal Critical Outlet Tailwater Outlt—‘ft Tailwa'ter

Discharge | Discharge | Elevation Control Control Type Depth (ft) Depth (ft) Depth (ft) Depth (ft) Velocity Velocity
(cfs) (cfs) (ft) Depth (ft) | Depth (ft) (ft/s) (ft/s)
93.40 93.40 26.39 2.989 3.590 1-S1t 1.130 1.768 4.620 3.280 2.888 0.000
103.78 103.78 26.47 3.202 3.666 1-S1t 1.214 1.897 4.620 3.280 3.209 0.000
114.16 114.16 26.55 3.407 3.753 1-S1t 1.299 2.021 4.620 3.280 3.530 0.000
116.00 116.00 26.57 3.443 3.770 1-S1t 1.314 2.043 4.620 3.280 3.587 0.000
134.92 134.92 26.77 3.801 3.965 1-S1t 1.455 2.260 4.620 3.280 4172 0.000
145.30 145.30 26.90 3.992 4.099 1-S1t 1.529 2.374 4.620 3.280 4.493 0.000
155.68 155.68 27.07 4179 4.272 1-S1t 1.603 2.486 4.620 3.280 4.814 0.000
166.06 166.06 27.16 4.363 3.913 1-JS1t 1.677 2.595 4.620 3.280 5.135 0.000
176.44 176.44 27.35 4.546 3.994 1-JS1t 1.752 2.702 4.620 3.280 5.456 0.000
186.82 186.82 27.53 4.728 4.081 1-JS1t 1.825 2.807 4.620 3.280 5.777 0.000
197.20 197.20 27.71 4.909 4173 1-JS1t 1.893 2.910 4.620 3.280 6.098 0.000

Straight Culvert
Inlet Elevation (invert): 22.80 ft, Outlet Elevation (invert): 21.46 ft
Culvert Length: 123.01 ft, Culvert Slope: 0.0109




Culvert Performance Curve Plot: North01-1-95 (Existing)

Headwater Elevation (ft)

Performance Curve
Culvert: North(1-I-95 (Existing)
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Water Surface Profile Plot for Culvert: North01-1-95 (Existing)

Crossing - North01-I-95 (Existing), Design Discharge - 116.0 cfs
Culvert - Worth01-1-95 (Existing), Culvert Discharge - 116.0 cfs
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Station (ft)

Site Data - North01-1-95 (Existing)
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 22.80 ft
Outlet Station: 123.00 ft
Outlet Elevation: 21.46 ft

Number of Barrels: 1

Culvert Data Summary - North01-1-95 (Existing)
Barrel Shape: Concrete Box
Barrel Span: 7.00 ft
Barrel Rise: 5.00 ft
Barrel Material: Concrete
Embedment: 0.00 in
Barrel Manning's n:  0.0120
Culvert Type: Straight
Inlet Configuration: Square Edge (90°) Headwall
Inlet Depression: NONE



Table 3 - Downstream Channel Rating Curve (Crossing: North01-1-95 (Existing))

Flow (cfs) Water Surface Elev (ft) Depth (ft)
93.40 26.08 3.28
103.78 26.08 3.28
114.16 26.08 3.28
116.00 26.08 3.28
134.92 26.08 3.28
145.30 26.08 3.28
155.68 26.08 3.28
166.06 26.08 3.28
176.44 26.08 3.28
186.82 26.08 3.28
197.20 26.08 3.28

Tailwater Channel Data - North01-1-95 (Existing)
Tailwater Channel Option: Enter Constant Tailwater Elevation

Constant Tailwater Elevation: 26.08 ft

Roadway Data for Crossing: North01-1-95 (Existing)
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 250.00 ft
Crest Elevation: 30.48 ft
Roadway Surface: Paved
Roadway Top Width: 38.00 ft



HY-8 Culvert Analysis Report



Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 93.4 cfs
Design Flow: 116 cfs

Maximum Flow: 197.2 cfs



Table 1 - Summary of Culvert Flows at Crossing: North01-1-95 (Proposed)

Headwater Elevation Total Discharge (cfs) (Pro;!\jo()sréng:siﬁarge Roadway Discharge Iterations

(ft) (cfs) (cfs)

26.39 93.40 93.40 0.00 1
26.47 103.78 103.78 0.00 1
26.55 114.16 114.16 0.00 1
26.57 116.00 116.00 0.00 1
26.77 134.92 134.92 0.00 1
26.90 145.30 145.30 0.00 1
27.07 155.68 155.68 0.00 1
27.16 166.06 166.06 0.00 1
27.35 176.44 176.44 0.00 1
27.53 186.82 186.82 0.00 1
27.71 197.20 197.20 0.00 1
30.48 340.49 340.49 0.00 Overtopping




Rating Curve Plot for Crossing: North01-1-95 (Proposed)

Total Rating Curve
Crossing: North01-I-95 (Proposed)
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Total Discharge (cfs)



Table 2 - Culvert Summary Table: North01-1-95 (Proposed)

Inlet Elevation (invert): 22.80 ft,

Culvert Length: 123.01 ft,

Culvert Slope: 0.0109

Outlet Elevation (invert): 21.46 ft

) Total Qulvert Headw?ter Inlet Outlet Flow Normal Critical Outlet Tailwater Outlt—‘ft Tailwa'ter

Discharge | Discharge | Elevation Control Control Type Depth (ft) Depth (ft) Depth (ft) Depth (ft) Velocity Velocity
(cfs) (cfs) (ft) Depth (ft) | Depth (ft) (ft/s) (ft/s)
93.40 93.40 26.39 2.989 3.590 1-S1t 1.130 1.768 4.620 3.280 2.888 0.000
103.78 103.78 26.47 3.202 3.666 1-S1t 1.214 1.897 4.620 3.280 3.209 0.000
114.16 114.16 26.55 3.407 3.753 1-S1t 1.299 2.021 4.620 3.280 3.530 0.000
116.00 116.00 26.57 3.443 3.770 1-S1t 1.314 2.043 4.620 3.280 3.587 0.000
134.92 134.92 26.77 3.801 3.965 1-S1t 1.455 2.260 4.620 3.280 4172 0.000
145.30 145.30 26.90 3.992 4.099 1-S1t 1.529 2.374 4.620 3.280 4.493 0.000
155.68 155.68 27.07 4179 4.272 1-S1t 1.603 2.486 4.620 3.280 4.814 0.000
166.06 166.06 27.16 4.363 3.913 1-JS1t 1.677 2.595 4.620 3.280 5.135 0.000
176.44 176.44 27.35 4.546 3.994 1-JS1t 1.752 2.702 4.620 3.280 5.456 0.000
186.82 186.82 27.53 4.728 4.081 1-JS1t 1.825 2.807 4.620 3.280 5.777 0.000
197.20 197.20 27.71 4.909 4173 1-JS1t 1.893 2.910 4.620 3.280 6.098 0.000

Straight Culvert




Culvert Performance Curve Plot: North01-1-95 (Proposed)

Headwater Elevation (ft)

Performance Curve
Culvert: North01-1-95 (Proposed)
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Water Surface Profile Plot for Culvert: North01-1-95 (Proposed)

Crossing - NorthO1-I-95 (Proposed), Design Discharge - 116.0 cfs
Culvert - North01-1-95 (Proposed), Culvert Discharge - 116.0 cfs
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Site Data - North01-1-95 (Proposed)
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 22.80 ft
Outlet Station: 123.00 ft
Outlet Elevation: 21.46 ft

Number of Barrels: 1

Culvert Data Summary - North01-1-95 (Proposed)
Barrel Shape: Concrete Box
Barrel Span: 7.00 ft
Barrel Rise: 5.00 ft
Barrel Material: Concrete
Embedment: 0.00 in
Barrel Manning's n:  0.0120
Culvert Type: Straight
Inlet Configuration: Square Edge (90°) Headwall
Inlet Depression: NONE



Table 3 - Downstream Channel Rating Curve (Crossing: North01-1-95 (Proposed))

Flow (cfs) Water Surface Elev (ft) Depth (ft)
93.40 26.08 3.28
103.78 26.08 3.28
114.16 26.08 3.28
116.00 26.08 3.28
134.92 26.08 3.28
145.30 26.08 3.28
155.68 26.08 3.28
166.06 26.08 3.28
176.44 26.08 3.28
186.82 26.08 3.28
197.20 26.08 3.28

Tailwater Channel Data - North01-1-95 (Proposed)
Tailwater Channel Option: Enter Constant Tailwater Elevation

Constant Tailwater Elevation: 26.08 ft

Roadway Data for Crossing: North01-1-95 (Proposed)
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 250.00 ft
Crest Elevation: 30.48 ft
Roadway Surface: Paved
Roadway Top Width: 38.00 ft



PROJECT:

LOCATION:

Rational Equation:

HYDROLOGIC ANALYSIS

DATE
made by: DHR 11-Jul-20
checked by:
Stantec job #:
1-95 Pioneer Trail Interchange
| North02-1-95
Qr=Xr* Cr ¥ * Ar
Qr = Peak Runoff for Return Period T (cfs).
X1 = Frequency Factor for Return Period T.
Ct = Average Runoff Coefficient for Return Period T.
it = Average Rainfall Intensity for Return Period T (in/hr).
At = Total Watershed Drainage Area (ac).
Cr= Ci*A; + Co*A, +C3*A;
At
A= 9.37 ac Cy=0.95 Rooftops and Pavement
A= 284.41 ac C,=0.15 Woodlands (Rolling with Sandy Soils)
A;=0.00 ac C3=0.25 Grass (Rolling with Sandy Soils)
A= 293.78 ac (per previous permit, 118421-2)
Cr=10.18
X25yr= 1.1 Xsoyr= 1.2 Xiooyr= 1.25
i25yr= 1.4 in/hr isoyr= 1.5 in/hr i100yr= 1.8 in/hr

i = based on time of concentration from Ditch Calculations -> t, = 225 min

(per previous permit, 118421-2)

Qz5yr = 77.1 cfs Qs yr = 93.4 cfs Qig0yr = 116.0 cfs

Qs00yr = 1.7 X Qqooyr = 197.2 cfs




HY-8 Culvert Analysis Report



Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 93.4 cfs
Design Flow: 116 cfs

Maximum Flow: 197.2 cfs



Table 1 - Summary of Culvert Flows at Crossing: North02-1-95 (Existing)

Headwater Elevation Total Discharge (cfs) (Exizjt(i)r:tgh)ogislcghsarge Roadway Discharge Iterations

(ft) (cfs) (cfs)

26.36 93.40 93.40 0.00 1
26.44 103.78 103.78 0.00 1
26.52 114.16 114.16 0.00 1
26.53 116.00 116.00 0.00 1
26.72 134.92 134.92 0.00 1
26.85 145.30 145.30 0.00 1
27.05 155.68 155.68 0.00 1
2711 166.06 166.06 0.00 1
27.30 176.44 176.44 0.00 1
27.48 186.82 186.82 0.00 1
27.66 197.20 197.20 0.00 1
30.48 342.65 342.65 0.00 Overtopping




Rating Curve Plot for Crossing: North02-1-95 (Existing)

Total Rating Curve
Crossing: North02-1-95 (Existing)

o 26.0

100 150 200 250 300 3350
Total Discharge (cfs)



Table 2 - Culvert Summary Table: North02-1-95 (Existing)

) Total Qulvert Headw?ter Inlet Outlet Flow Normal Critical Outlet Tailwater Outlt—‘ft Tailwa'ter

Discharge | Discharge | Elevation Control Control Type Depth (ft) Depth (ft) Depth (ft) Depth (ft) Velocity Velocity
(cfs) (cfs) (ft) Depth (ft) | Depth (ft) (ft/s) (ft/s)
93.40 93.40 26.36 2.980 3.605 1-S1f 1.029 1.768 5.000 3.320 2.669 0.000
103.78 103.78 26.44 3.193 3.676 1-S1f 1.103 1.897 5.000 3.320 2.965 0.000
114.16 114.16 26.52 3.398 3.757 1-S1f 1.176 2.021 5.000 3.320 3.262 0.000
116.00 116.00 26.53 3.434 3.773 1-S1f 1.189 2.043 5.000 3.320 3.314 0.000
134.92 134.92 26.72 3.793 3.960 1-S1f 1.323 2.260 5.000 3.320 3.855 0.000
145.30 145.30 26.85 3.983 4.092 1-S1f 1.392 2.374 5.000 3.320 4151 0.000
155.68 155.68 27.05 4170 4.285 1-S1f 1.456 2.486 5.000 3.320 4.448 0.000
166.06 166.06 271 4.354 3.953 1-JS1f 1.521 2.595 5.000 3.320 4.745 0.000
176.44 176.44 27.30 4.537 4.034 1-JS1f 1.585 2.702 5.000 3.320 5.041 0.000
186.82 186.82 27.48 4.719 4121 1-JS1f 1.649 2.807 5.000 3.320 5.338 0.000
197.20 197.20 27.66 4.900 4.212 1-JS1f 1.713 2.910 5.000 3.320 5.634 0.000

Straight Culvert
Inlet Elevation (invert): 22.76 ft, Outlet Elevation (invert): 20.98 ft
Culvert Length: 123.01 ft, Culvert Slope: 0.0145




Culvert Performance Curve Plot: North02-1-95 (Existing)

Headwater Elevation (ft)

Performance Curve
Culvert: North(2-1-95 (Existing)
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Water Surface Profile Plot for Culvert: North02-1-95 (Existing)

Crossing - North02-I-95 (Existing), Design Discharge - 116.0 cfs
Culvert - Worth02-1-95 (Existing), Culvert Discharge - 116.0 cfs

0 a0 100 150
Station (ft)

Site Data - North02-1-95 (Existing)
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 22.76 ft
Outlet Station: 123.00 ft
Outlet Elevation: 20.98 ft

Number of Barrels: 1

Culvert Data Summary - North02-1-95 (Existing)
Barrel Shape: Concrete Box
Barrel Span: 7.00 ft
Barrel Rise: 5.00 ft
Barrel Material: Concrete
Embedment: 0.00 in
Barrel Manning's n:  0.0120
Culvert Type: Straight
Inlet Configuration: Square Edge (90°) Headwall
Inlet Depression: NONE



Table 3 - Downstream Channel Rating Curve (Crossing: North02-1-95 (Existing))

Flow (cfs) Water Surface Elev (ft) Depth (ft)
93.40 26.08 3.32
103.78 26.08 3.32
114.16 26.08 3.32
116.00 26.08 3.32
134.92 26.08 3.32
145.30 26.08 3.32
155.68 26.08 3.32
166.06 26.08 3.32
176.44 26.08 3.32
186.82 26.08 3.32
197.20 26.08 3.32

Tailwater Channel Data - North02-1-95 (Existing)
Tailwater Channel Option: Enter Constant Tailwater Elevation

Constant Tailwater Elevation: 26.08 ft

Roadway Data for Crossing: North02-1-95 (Existing)
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 250.00 ft
Crest Elevation: 30.48 ft
Roadway Surface: Paved
Roadway Top Width: 38.00 ft



HY-8 Culvert Analysis Report



Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 93.4 cfs
Design Flow: 116 cfs

Maximum Flow: 197.2 cfs



Table 1 - Summary of Culvert Flows at Crossing: North02-1-95 (Proposed)

Headwater Elevation Total Discharge (cfs) (Pro;!\joosrgc]i?%ilsiﬁarge Roadway Discharge Iterations

(ft) (cfs) (cfs)

26.36 93.40 93.40 0.00 1
26.44 103.78 103.78 0.00 1
26.52 114.16 114.16 0.00 1
26.53 116.00 116.00 0.00 1
26.72 134.92 134.92 0.00 1
26.85 145.30 145.30 0.00 1
27.05 155.68 155.68 0.00 1
2711 166.06 166.06 0.00 1
27.30 176.44 176.44 0.00 1
27.48 186.82 186.82 0.00 1
27.66 197.20 197.20 0.00 1
30.48 342.65 342.65 0.00 Overtopping




Rating Curve Plot for Crossing: North02-1-95 (Proposed)

Total Rating Curve
Crossing: North02-1-95 (Proposed)

o 26.0

100 150 200 250 300 3350
Total Discharge (cfs)



Table 2 - Culvert Summary Table: North02-1-95 (Proposed)

Inlet Elevation (invert): 22.76 ft,

Culvert Length: 123.01 ft,

Culvert Slope: 0.0145

Outlet Elevation (invert): 20.98 ft

) Total Qulvert Headw?ter Inlet Outlet Flow Normal Critical Outlet Tailwater Outlt—‘ft Tailwa'ter

Discharge | Discharge | Elevation Control Control Type Depth (ft) Depth (ft) Depth (ft) Depth (ft) Velocity Velocity
(cfs) (cfs) (ft) Depth (ft) | Depth (ft) (ft/s) (ft/s)
93.40 93.40 26.36 2.980 3.605 1-S1f 1.029 1.768 5.000 3.320 2.669 0.000
103.78 103.78 26.44 3.193 3.676 1-S1f 1.103 1.897 5.000 3.320 2.965 0.000
114.16 114.16 26.52 3.398 3.757 1-S1f 1.176 2.021 5.000 3.320 3.262 0.000
116.00 116.00 26.53 3.434 3.773 1-S1f 1.189 2.043 5.000 3.320 3.314 0.000
134.92 134.92 26.72 3.793 3.960 1-S1f 1.323 2.260 5.000 3.320 3.855 0.000
145.30 145.30 26.85 3.983 4.092 1-S1f 1.392 2.374 5.000 3.320 4151 0.000
155.68 155.68 27.05 4170 4.285 1-S1f 1.456 2.486 5.000 3.320 4.448 0.000
166.06 166.06 271 4.354 3.953 1-JS1f 1.521 2.595 5.000 3.320 4.745 0.000
176.44 176.44 27.30 4.537 4.034 1-JS1f 1.585 2.702 5.000 3.320 5.041 0.000
186.82 186.82 27.48 4.719 4121 1-JS1f 1.649 2.807 5.000 3.320 5.338 0.000
197.20 197.20 27.66 4.900 4.212 1-JS1f 1.713 2.910 5.000 3.320 5.634 0.000

Straight Culvert




Culvert Performance Curve Plot: North02-1-95 (Proposed)

Headwater Elevation (ft)

Performance Curve
Culvert: North02-1-95 (Proposed)
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Water Surface Profile Plot for Culvert: North02-1-95 (Proposed)

Crossing - North02-1-95 (Proposed), Design Discharge - 116.0 cfs
Culvert - North02-1-95 (Proposed), Culvert Discharge - 116.0 cfs

0 a0 100 150
Station (ft)

Site Data - North02-1-95 (Proposed)
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 22.76 ft
Outlet Station: 123.00 ft
Outlet Elevation: 20.98 ft

Number of Barrels: 1

Culvert Data Summary - North02-1-95 (Proposed)
Barrel Shape: Concrete Box
Barrel Span: 7.00 ft
Barrel Rise: 5.00 ft
Barrel Material: Concrete
Embedment: 0.00 in
Barrel Manning's n:  0.0120
Culvert Type: Straight
Inlet Configuration: Square Edge (90°) Headwall
Inlet Depression: NONE



Table 3 - Downstream Channel Rating Curve (Crossing: North02-1-95 (Proposed))

Flow (cfs) Water Surface Elev (ft) Depth (ft)
93.40 26.08 3.32
103.78 26.08 3.32
114.16 26.08 3.32
116.00 26.08 3.32
134.92 26.08 3.32
145.30 26.08 3.32
155.68 26.08 3.32
166.06 26.08 3.32
176.44 26.08 3.32
186.82 26.08 3.32
197.20 26.08 3.32

Tailwater Channel Data - North02-1-95 (Proposed)
Tailwater Channel Option: Enter Constant Tailwater Elevation

Constant Tailwater Elevation: 26.08 ft

Roadway Data for Crossing: North02-1-95 (Proposed)
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 250.00 ft
Crest Elevation: 30.48 ft
Roadway Surface: Paved
Roadway Top Width: 38.00 ft



APPENDIX D — REFERENCES



Drainage Manual
IDF Curves

ZONES FOR PRECIPITATION IDF CURVES DEVELOPED BY THE DEPARTMENT
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Drainage Manual
IDF Curves
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