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 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 
(I-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 travel 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-1 in 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 
SJRWMD.  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 Williamson Boulevard.  The existing basins are open basins, which discharge 
to interconnected wetlands and will drain to 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. 

 PURPOSE 

The purpose of this Location Hydraulics Report is to assess locations of off-site runoff 
towards the I-95 at Pioneer Trail Interchange alternatives analyzed within the PD&E 
Study.  The intent of the I-95 at Pioneer Trail Interchange 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. 

 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 6 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, SJRWMD ERP  No. 134174-1 and I-95 from SR 44 to South I-4 
Permit, SJRWMD 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.   

 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 23rd of 2020 
along the study area; 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 SJRWMD 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 
Number 

FPID 
Number 

Project Name Plans show 
pertinent Cross 

Drain? 
118421-2 406869-6 I-95 (SR 44 to I-4) Yes 

 
103479-1 Unknown Pioneer Trail Curve Realignment No 

 
156663-1 Unknown Shell Pointe Colony No 

 
134174-1 Unknown Williamson Boulevard South Ext. 

(Airport Blvd. to Pioneer Trail) 
Yes 

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

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 

Existing Cross Drain 
ID 

SIZE Flow 
Direction 

US Invert 
(NAVD 88) 

DS Invert 
(NAVD 88) 

Pipe 
Length 

 

P01A-South 2.25’x8.75’ North 23.05’ 22.77’ 67’ 
P01A-01B (5) 19”x30” East 24.37’ 24.15’ 129’ 
P01B-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-I-95 7’x6’ Southwest 21.15’ 20.76’ 185’ 
South02-I-95 7’x6’ Northeast 20.63’ 20.13’ 185’ 
South 03-I-95 (2) 36” RCP Southwest 23.35’ 22.35’ 121’ 
South-04-I-95 (2) 36” Southwest 22.98’ 22.72’ 120’ 
North01-I-95 5’x7’ West 22.84’ 21.46’ 123’ 
North02-I-95 5’x7’ West 23.93’ 23.10’ 123’ 

 PROPOSED CONDITIONS 

5.1 ROADWAY IMPACTS 

Potential floodplain impacts as a result of the construction of the I-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 
Direction 

Pipe 
Length 

 
P01A-South 2.25’x8.75’ North 110’ 
P01A-01B (6) 19”x30” East 129’ 
P01B-Offsite 48” RCP East 278’ 
South-Spruce Creek (2) 7’x5’ Northeast 164’ 
South03-I-95 (2) 36” RCP Southwest 140’ 
P01B-Ramp (NEW)1 To be determined  East 80’ 
Offsite-Spruce Creek (NEW)1  To be determined East 170’ 
South01-Ramp (NEW)1  To be determined Southwest 80’ 

 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.  It is expected that cross drain flows will decrease because on-site runoff will no 
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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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APPENDIX C – CALCULATIONS 
 



DATE
made by: DHR 11-Jul-20

checked by:   
Stantec job #:  

PROJECT:

LOCATION:

Rational Equation:

QT =
XT =
CT =
itc =

AT =

CT =

A1= 6.60 ac C1 = 0.95 Rooftops and Pavement and Surface Waters
A2= 0.00 ac C2 = 0.20 Woodlands (Rolling with Sandy Soils)
A3= 28.20 ac C3 = 0.25 Grass (Rolling with Sandy Soils)

AT= 34.80 ac

CT = 0.38

X25 yr = 1.1 X50 yr = 1.2 X100 yr =

i25 yr = 3.7 in/hr i50 yr = 4.1 in/hr i100 yr =

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

Q25 yr = 54.8 cfs Q50 yr = 65.7 cfs Q100 yr = 

Q500 yr = 1.7 x Q100 yr  = 127.4 cfs

HYDROLOGIC ANALYSIS

I-95 Pioneer Trail Interchange

P01A-SOUTH

1.25

4.5 in/hr

74.9 cfs

C1*A1 + C2*A2 +C3*A3
AT

QT = XT * CT * itc * AT

Peak Runoff for Return Period T (cfs).
Frequency Factor for Return Period T.
Average Runoff Coefficient for Return Period T.
Average Rainfall Intensity for Return Period T (in/hr).
Total Watershed Drainage Area (ac).



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 
(ft) Total Discharge (cfs) P01A-South (Existing) 

Discharge (cfs) 
Roadway Discharge 

(cfs) Iterations 

 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: P01A-South (Existing) 

 
 



Table 2 - Culvert Summary Table: P01A-South (Existing) 

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 23.05 ft,    Outlet Elevation (invert): 22.77 ft 

Culvert Length: 67.00 ft,    Culvert Slope: 0.0042 

******************************************************************************** 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type Normal 

Depth (ft) Critical 
Depth (ft) Outlet 

Depth (ft) Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(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 2.422 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 



Culvert Performance Curve Plot: P01A-South (Existing) 

 
 



Water Surface Profile Plot for Culvert: P01A-South (Existing) 

 

Site Data - P01A-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 - P01A-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 (90º) Headwall 
Inlet Depression:  NONE 

 



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

 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 
 

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 



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 
(ft) Total Discharge (cfs) 

P01A-South 
(Proposed) Discharge 

(cfs) 
Roadway Discharge 

(cfs) Iterations 

 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: P01A-South (Proposed) 

 
 



Table 2 - Culvert Summary Table: P01A-South (Proposed) 

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 23.21 ft,    Outlet Elevation (invert): 22.77 ft 

Culvert Length: 110.00 ft,    Culvert Slope: 0.0040 

******************************************************************************** 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type Normal 

Depth (ft) Critical 
Depth (ft) Outlet 

Depth (ft) Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(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 2.422 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 



Culvert Performance Curve Plot: P01A-South (Proposed) 

 
 



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

 

Site Data - P01A-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 - P01A-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 (90º) Headwall 
Inlet Depression:  NONE 

 



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

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

Constant Tailwater Elevation:  25.30 ft 

Roadway Data for Crossing: P01A-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 
 

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 



DATE
made by: DHR 11-Jul-20

checked by:   
Stantec job #:  

PROJECT:

LOCATION:

Rational Equation:

QT =
XT =
CT =
itc =

AT =

CT =

A1= 27.00 ac C1 = 0.95 Rooftops and Pavement and Surface Waters
A2= 19.70 ac C2 = 0.20 Woodlands (Rolling with Sandy Soils)
A3= 14.30 ac C3 = 0.25 Grass (Rolling with Sandy Soils)

AT= 61.00 ac

CT = 0.54

X25 yr = 1.1 X50 yr = 1.2 X100 yr =

i25 yr = 4.0 in/hr i50 yr = 4.4 in/hr i100 yr =

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

Q25 yr = 145.2 cfs Q50 yr = 173.9 cfs Q100 yr = 

Q500 yr = 1.7 x Q100 yr  = 339.7 cfs

199.8 cfs

C1*A1 + C2*A2 +C3*A3
AT

QT = XT * CT * itc * AT

Peak Runoff for Return Period T (cfs).
Frequency Factor for Return Period T.
Average Runoff Coefficient for Return Period T.
Average Rainfall Intensity for Return Period T (in/hr).
Total Watershed Drainage Area (ac).

HYDROLOGIC ANALYSIS

I-95 Pioneer Trail Interchange

P01A-01B

1.25

4.8 in/hr



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 
(ft) Total Discharge (cfs) P01A-01B (Existing) 

Discharge (cfs) 
Roadway Discharge 

(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: P01A-01B (Existing) 

 
 



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

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 24.37 ft,    Outlet Elevation (invert): 24.15 ft 

Culvert Length: 129.00 ft,    Culvert Slope: 0.0017 

******************************************************************************** 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type Normal 

Depth (ft) Critical 
Depth (ft) Outlet 

Depth (ft) Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(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 



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

 
 



Water Surface Profile Plot for Culvert: P01A-01B (Existing) 

 

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)) 

 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 
 

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 



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 
(ft) Total Discharge (cfs) P01A-01B (Proposed) 

Discharge (cfs) 
Roadway Discharge 

(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) 

 
 



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

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 24.37 ft,    Outlet Elevation (invert): 24.15 ft 

Culvert Length: 129.00 ft,    Culvert Slope: 0.0017 

******************************************************************************** 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type Normal 

Depth (ft) Critical 
Depth (ft) Outlet 

Depth (ft) Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(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 



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

 
 



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

 

Site Data - P01A-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)) 

 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 
 

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 



DATE
made by: DHR 11-Jul-20

checked by:   
Stantec job #:  

PROJECT:

LOCATION:

Rational Equation:

QT =
XT =
CT =
itc =

AT =

CT =

A1= 7.46 ac C1 = 0.95 Rooftops and Pavement
A2= 0.00 ac C2 = 0.20 Woodlands (Rolling with Sandy Soils)
A3= 29.22 ac C3 = 0.25 Grass (Rolling with Sandy Soils)

AT= 36.68 ac

CT = 0.39

X25 yr = 1.1 X50 yr = 1.2 X100 yr =

i25 yr = 6.0 in/hr i50 yr = 6.6 in/hr i100 yr =

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

Q25 yr = 95.5 cfs Q50 yr = 113.6 cfs Q100 yr = 

Q500 yr = 1.7 x Q100 yr  = 221.7 cfs

HYDROLOGIC ANALYSIS

I-95 Pioneer Trail Interchange

P01B-Offsite

1.25

7.3 in/hr

130.4 cfs

C1*A1 + C2*A2 +C3*A3
AT

QT = XT * CT * itc * AT

Peak Runoff for Return Period T (cfs).
Frequency Factor for Return Period T.
Average Runoff Coefficient for Return Period T.
Average Rainfall Intensity for Return Period T (in/hr).
Total Watershed Drainage Area (ac).



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 
(ft) Total Discharge (cfs) 

P01B-Offsite 
(Existimg) Discharge 

(cfs) 
Roadway Discharge 

(cfs) Iterations 

 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) 

 
 



Table 2 - Culvert Summary Table: P01B-Offsite (Existimg) 

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 22.09 ft,    Outlet Elevation (invert): 21.94 ft 

Culvert Length: 278.00 ft,    Culvert Slope: 0.0005 

******************************************************************************** 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type Normal 

Depth (ft) Critical 
Depth (ft) Outlet 

Depth (ft) Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(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 



Culvert Performance Curve Plot: P01B-Offsite (Existimg) 

 
 



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

 

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)) 

 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 
 

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 



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 
(ft) Total Discharge (cfs) 

P01B-Offsite 
(Proposed) Discharge 

(cfs) 
Roadway Discharge 

(cfs) Iterations 

 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) 

 
 



Table 2 - Culvert Summary Table: P01B-Offsite (Proposed) 

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 22.09 ft,    Outlet Elevation (invert): 21.94 ft 

Culvert Length: 278.00 ft,    Culvert Slope: 0.0005 

******************************************************************************** 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type Normal 

Depth (ft) Critical 
Depth (ft) Outlet 

Depth (ft) Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(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 



Culvert Performance Curve Plot: P01B-Offsite (Proposed) 

 
 



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

 

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)) 

 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 
 

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 



DATE
made by: DHR 11-Jul-20

checked by:   
Stantec job #:  

PROJECT:

LOCATION:

Rational Equation:

QT =
XT =
CT =
itc =

AT =

CT =

A1= 23.14 ac C1 = 0.95 Rooftops and Pavement and Surface Water
A2= 0.00 ac C2 = 0.20 Woodlands (Rolling with Sandy Soils)
A3= 114.04 ac C3 = 0.25 Grass (Rolling with Sandy Soils)

AT= 137.18 ac

CT = 0.37

X25 yr = 1.1 X50 yr = 1.2 X100 yr =

i25 yr = 6.0 in/hr i50 yr = 6.6 in/hr i100 yr =

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

Q25 yr = 333.8 cfs Q50 yr = 397.5 cfs Q100 yr = 

Q500 yr = 1.7 x Q100 yr  = 772.5 cfs

454.4 cfs

C1*A1 + C2*A2 +C3*A3
AT

QT = XT * CT * itc * AT

Peak Runoff for Return Period T (cfs).
Frequency Factor for Return Period T.
Average Runoff Coefficient for Return Period T.
Average Rainfall Intensity for Return Period T (in/hr).
Total Watershed Drainage Area (ac).

HYDROLOGIC ANALYSIS

I-95 Pioneer Trail Interchange

South-Spruce Creek

1.25

7.2 in/hr



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 
(ft) Total Discharge (cfs) 

South Spruce Creek 
(Existing) Discharge 

(cfs) 
Roadway Discharge 

(cfs) Iterations 

 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) 

 
 



Table 2 - Culvert Summary Table: South Spruce Creek (Existing) 

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 20.93 ft,    Outlet Elevation (invert): 20.88 ft 

Culvert Length: 91.00 ft,    Culvert Slope: 0.0005 

******************************************************************************** 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type Normal 

Depth (ft) Critical 
Depth (ft) Outlet 

Depth (ft) Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(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 4.179 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 2.777 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 



Culvert Performance Curve Plot: South Spruce Creek (Existing) 

 
 



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

 

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 (90º) Headwall 
Inlet Depression:  NONE 

 



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

(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 

 

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 



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 
(ft) Total Discharge (cfs) 

South Spruce Creek 
(Proposed) Discharge 

(cfs) 
Roadway Discharge 

(cfs) Iterations 

 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) 

 
 



Table 2 - Culvert Summary Table: South Spruce Creek (Proposed) 

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 21.94 ft,    Outlet Elevation (invert): 20.88 ft 

Culvert Length: 164.00 ft,    Culvert Slope: 0.0065 

******************************************************************************** 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type Normal 

Depth (ft) Critical 
Depth (ft) Outlet 

Depth (ft) Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(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 4.179 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 2.777 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 



Culvert Performance Curve Plot: South Spruce Creek (Proposed) 

 
 



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

 

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 (90º) Headwall 
Inlet Depression:  NONE 

 



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

(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 

 

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 



DATE
made by: DHR 11-Jul-20

checked by:   
Stantec job #:  

PROJECT:

LOCATION:

Rational Equation:

QT =
XT =
CT =
itc =

AT =

CT =

A1= 5.06 ac C1 = 0.95 Rooftops and Pavement
A2= 423.18 ac C2 = 0.15 Woodlands (Rolling with Sandy Soils)
A3= 0.00 ac C3 = 0.25 Grass (Rolling with Sandy Soils)

AT= 428.24 ac (per previous permit, 118421-2)

CT = 0.16

X25 yr = 1.1 X50 yr = 1.2 X100 yr =

i25 yr = 0.9 in/hr i50 yr = 1.0 in/hr i100 yr =

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

(per previous permit, 118421-2)
Q25 yr = 65.3 cfs Q50 yr = 80.3 cfs Q100 yr = 

Q500 yr = 1.7 x Q100 yr  = 181.4 cfs

HYDROLOGIC ANALYSIS

I-95 Pioneer Trail Interchange

South01-I-95

1.25

1.3 in/hr

106.7 cfs

C1*A1 + C2*A2 +C3*A3
AT

QT = XT * CT * itc * AT

Peak Runoff for Return Period T (cfs).
Frequency Factor for Return Period T.
Average Runoff Coefficient for Return Period T.
Average Rainfall Intensity for Return Period T (in/hr).
Total Watershed Drainage Area (ac).



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-I-95 (Proposed) 

 

Headwater Elevation 
(ft) Total Discharge (cfs) 

South01-I-95 
(Proposed) Discharge 

(cfs) 
Roadway Discharge 

(cfs) Iterations 

 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-I-95 (Proposed) 

 
 



Table 2 - Culvert Summary Table: South01-I-95 (Proposed) 

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 21.15 ft,    Outlet Elevation (invert): 20.76 ft 

Culvert Length: 182.00 ft,    Culvert Slope: 0.0021 

******************************************************************************** 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type Normal 

Depth (ft) Critical 
Depth (ft) Outlet 

Depth (ft) Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(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 4.212 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 



Culvert Performance Curve Plot: South01-I-95 (Proposed) 

 
 



Water Surface Profile Plot for Culvert: South01-I-95 (Proposed) 

 

Site Data - South01-I-95 (Proposed) 
Site Data Option:  Culvert Invert Data 
Inlet Station:  0.00 ft 
Inlet Elevation:  21.15 ft 
Outlet Station:  182.00 ft 

Outlet Elevation:  20.76 ft 
Number of Barrels:  1 

Culvert Data Summary - South01-I-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 (90º) Headwall 
Inlet Depression:  NONE 

 



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

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

Constant Tailwater Elevation:  24.79 ft 

Roadway Data for Crossing: South01-I-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 
 

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 



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-I-95 (Proposed) 

 

Headwater Elevation 
(ft) Total Discharge (cfs) 

South01-I-95 
(Proposed) Discharge 

(cfs) 
Roadway Discharge 

(cfs) Iterations 

 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-I-95 (Proposed) 

 
 



Table 2 - Culvert Summary Table: South01-I-95 (Proposed) 

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 21.15 ft,    Outlet Elevation (invert): 20.76 ft 

Culvert Length: 182.00 ft,    Culvert Slope: 0.0021 

******************************************************************************** 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type Normal 

Depth (ft) Critical 
Depth (ft) Outlet 

Depth (ft) Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(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 4.212 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 



Culvert Performance Curve Plot: South01-I-95 (Proposed) 

 
 



Water Surface Profile Plot for Culvert: South01-I-95 (Proposed) 

 

Site Data - South01-I-95 (Proposed) 
Site Data Option:  Culvert Invert Data 
Inlet Station:  0.00 ft 
Inlet Elevation:  21.15 ft 
Outlet Station:  182.00 ft 

Outlet Elevation:  20.76 ft 
Number of Barrels:  1 

Culvert Data Summary - South01-I-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 (90º) Headwall 
Inlet Depression:  NONE 

 



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

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

Constant Tailwater Elevation:  24.79 ft 

Roadway Data for Crossing: South01-I-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 
 

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 



DATE
made by: DHR 11-Jul-20

checked by:   
Stantec job #:  

PROJECT:

LOCATION:

Rational Equation:

QT =
XT =
CT =
itc =

AT =

CT =

A1= 5.06 ac C1 = 0.95 Rooftops and Pavement
A2= 423.18 ac C2 = 0.15 Woodlands (Rolling with Sandy Soils)
A3= 0.00 ac C3 = 0.25 Grass (Rolling with Sandy Soils)

AT= 428.24 ac (per previous permit, 118421-2)

CT = 0.16

X25 yr = 1.1 X50 yr = 1.2 X100 yr =

i25 yr = 0.9 in/hr i50 yr = 1.0 in/hr i100 yr =

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

(per previous permit, 118421-2)
Q25 yr = 65.3 cfs Q50 yr = 80.3 cfs Q100 yr = 

Q500 yr = 1.7 x Q100 yr  = 181.4 cfs

HYDROLOGIC ANALYSIS

I-95 Pioneer Trail Interchange

South02-I-95

1.25

1.3 in/hr

106.7 cfs

C1*A1 + C2*A2 +C3*A3
AT

QT = XT * CT * itc * AT

Peak Runoff for Return Period T (cfs).
Frequency Factor for Return Period T.
Average Runoff Coefficient for Return Period T.
Average Rainfall Intensity for Return Period T (in/hr).
Total Watershed Drainage Area (ac).



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-I-95 (Proposed) 

 

Headwater Elevation 
(ft) Total Discharge (cfs) 

South02-I-95 
(Proposed) Discharge 

(cfs) 
Roadway Discharge 

(cfs) Iterations 

 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-I-95 (Proposed) 

 
 



Table 2 - Culvert Summary Table: South02-I-95 (Proposed) 

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 20.63 ft,    Outlet Elevation (invert): 20.13 ft 

Culvert Length: 182.00 ft,    Culvert Slope: 0.0027 

******************************************************************************** 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type Normal 

Depth (ft) Critical 
Depth (ft) Outlet 

Depth (ft) Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(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 2.179 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 2.432 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 



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

 
 



Water Surface Profile Plot for Culvert: South02-I-95 (Proposed) 

 

Site Data - South02-I-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-I-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 (90º) Headwall 
Inlet Depression:  NONE 

 



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

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

Constant Tailwater Elevation:  24.79 ft 

Roadway Data for Crossing: South02-I-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 
 

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 



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-I-95 (Proposed) 

 

Headwater Elevation 
(ft) Total Discharge (cfs) 

South02-I-95 
(Proposed) Discharge 

(cfs) 
Roadway Discharge 

(cfs) Iterations 

 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-I-95 (Proposed) 

 
 



Table 2 - Culvert Summary Table: South02-I-95 (Proposed) 

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 20.63 ft,    Outlet Elevation (invert): 20.13 ft 

Culvert Length: 182.00 ft,    Culvert Slope: 0.0027 

******************************************************************************** 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type Normal 

Depth (ft) Critical 
Depth (ft) Outlet 

Depth (ft) Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(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 2.179 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 2.432 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 



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

 
 



Water Surface Profile Plot for Culvert: South02-I-95 (Proposed) 

 

Site Data - South02-I-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-I-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 (90º) Headwall 
Inlet Depression:  NONE 

 



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

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

Constant Tailwater Elevation:  24.79 ft 

Roadway Data for Crossing: South02-I-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 
 

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 



DATE
made by: DHR 11-Jul-20

checked by:   
Stantec job #:  

PROJECT:

LOCATION:

Rational Equation:

QT =
XT =
CT =
itc =

AT =

CT =

A1= 1.44 ac C1 = 0.95 Rooftops and Pavement
A2= 10.16 ac C2 = 0.15 Woodlands (Rolling with Sandy Soils)
A3= 0.00 ac C3 = 0.25 Grass (Rolling with Sandy Soils)

AT= 11.60 ac (per previous permit, 118421-2)

CT = 0.25

X25 yr = 1.1 X50 yr = 1.2 X100 yr =

i25 yr = 2.6 in/hr i50 yr = 2.9 in/hr i100 yr =

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

(per previous permit, 118421-2)
Q25 yr = 8.2 cfs Q50 yr = 9.9 cfs Q100 yr = 

Q500 yr = 1.7 x Q100 yr  = 24.6 cfs

14.5 cfs

C1*A1 + C2*A2 +C3*A3
AT

QT = XT * CT * itc * AT

Peak Runoff for Return Period T (cfs).
Frequency Factor for Return Period T.
Average Runoff Coefficient for Return Period T.
Average Rainfall Intensity for Return Period T (in/hr).
Total Watershed Drainage Area (ac).

HYDROLOGIC ANALYSIS

I-95 Pioneer Trail Interchange

South03-I-95

1.25

4.0 in/hr



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-I-95 (Existing) 

 

Headwater Elevation 
(ft) Total Discharge (cfs) 

South03-I-95 
(Existing) Discharge 

(cfs) 
Roadway Discharge 

(cfs) Iterations 

 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-I-95 (Existing) 

 
 



Table 2 - Culvert Summary Table: South03-I-95 (Existing) 

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 22.52 ft,    Outlet Elevation (invert): 22.31 ft 

Culvert Length: 121.00 ft,    Culvert Slope: 0.0017 

******************************************************************************** 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type Normal 

Depth (ft) Critical 
Depth (ft) Outlet 

Depth (ft) Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(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 



Culvert Performance Curve Plot: South03-I-95 (Existing) 

 
 



Water Surface Profile Plot for Culvert: South03-I-95 (Existing) 

 

Site Data - South03-I-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-I-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 

 



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

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

Constant Tailwater Elevation:  25.52 ft 

Roadway Data for Crossing: South03-I-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 
 

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 



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-I-95 (Proposed) 

 

Headwater Elevation 
(ft) Total Discharge (cfs) 

South03-I-95 
(Proposed) Discharge 

(cfs) 
Roadway Discharge 

(cfs) Iterations 

 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-I-95 (Proposed) 

 
 



Table 2 - Culvert Summary Table: South03-I-95 (Proposed) 

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 22.54 ft,    Outlet Elevation (invert): 22.35 ft 

Culvert Length: 140.00 ft,    Culvert Slope: 0.0014 

******************************************************************************** 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type Normal 

Depth (ft) Critical 
Depth (ft) Outlet 

Depth (ft) Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(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 



Culvert Performance Curve Plot: South03-I-95 (Proposed) 

 
 



Water Surface Profile Plot for Culvert: South03-I-95 (Proposed) 

 

Site Data - South03-I-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-I-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-I-95 (Proposed)) 

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

Constant Tailwater Elevation:  25.52 ft 

Roadway Data for Crossing: South03-I-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 
 

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 



DATE
made by: DHR 11-Jul-20

checked by:   
Stantec job #:  

PROJECT:

LOCATION:

Rational Equation:

QT =
XT =
CT =
itc =

AT =

CT =

A1= 0.10 ac C1 = 0.95 Rooftops and Pavement
A2= 1.86 ac C2 = 0.15 Woodlands (Rolling with Sandy Soils)
A3= 0.00 ac C3 = 0.25 Grass (Rolling with Sandy Soils)

AT= 1.96 ac (per previous permit, 118421-2)

CT = 0.19

X25 yr = 1.1 X50 yr = 1.2 X100 yr =

i25 yr = 7.2 in/hr i50 yr = 7.8 in/hr i100 yr =

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

(per previous permit, 118421-2)
Q25 yr = 3.0 cfs Q50 yr = 3.5 cfs Q100 yr = 

Q500 yr = 1.7 x Q100 yr  = 6.8 cfs

4.0 cfs

C1*A1 + C2*A2 +C3*A3
AT

QT = XT * CT * itc * AT

Peak Runoff for Return Period T (cfs).
Frequency Factor for Return Period T.
Average Runoff Coefficient for Return Period T.
Average Rainfall Intensity for Return Period T (in/hr).
Total Watershed Drainage Area (ac).

HYDROLOGIC ANALYSIS

I-95 Pioneer Trail Interchange

South04-I-95

1.25

8.5 in/hr



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-I-95 (Existing) 

 

Headwater Elevation 
(ft) Total Discharge (cfs) 

South04-I-95 
(Existing) Discharge 

(cfs) 
Roadway Discharge 

(cfs) Iterations 

 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-I-95 (Existing) 

 
 



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

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 22.98 ft,    Outlet Elevation (invert): 22.72 ft 

Culvert Length: 121.00 ft,    Culvert Slope: 0.0021 

******************************************************************************** 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type Normal 

Depth (ft) Critical 
Depth (ft) Outlet 

Depth (ft) Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(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 



Culvert Performance Curve Plot: South04-I-95 (Existing) 

 
 



Water Surface Profile Plot for Culvert: South04-I-95 (Existing) 

 

Site Data - South04-I-95 (Existing) 
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-I-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 

 



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

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

Constant Tailwater Elevation:  25.98 ft 

Roadway Data for Crossing: South04-I-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 
 

Flow (cfs) Water Surface Elev (ft) Depth (ft) 

 3.00 25.98 3.00 
 3.55 25.98 3.00 
 4.10 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 



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-I-95 (Proposed) 

 

Headwater Elevation 
(ft) Total Discharge (cfs) 

South04-I-95 
(Proposed) Discharge 

(cfs) 
Roadway Discharge 

(cfs) Iterations 

 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-I-95 (Proposed) 

 
 



Table 2 - Culvert Summary Table: South04-I-95 (Proposed) 

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 22.98 ft,    Outlet Elevation (invert): 22.72 ft 

Culvert Length: 121.00 ft,    Culvert Slope: 0.0021 

******************************************************************************** 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type Normal 

Depth (ft) Critical 
Depth (ft) Outlet 

Depth (ft) Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(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 



Culvert Performance Curve Plot: South04-I-95 (Proposed) 

 
 



Water Surface Profile Plot for Culvert: South04-I-95 (Proposed) 

 

Site Data - South04-I-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-I-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-I-95 (Proposed)) 

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

Constant Tailwater Elevation:  25.98 ft 

Roadway Data for Crossing: South04-I-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 
 

Flow (cfs) Water Surface Elev (ft) Depth (ft) 

 3.00 25.98 3.00 
 3.55 25.98 3.00 
 4.10 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 



DATE
made by: DHR 11-Jul-20

checked by:   
Stantec job #:  

PROJECT:

LOCATION:

Rational Equation:

QT =
XT =
CT =
itc =

AT =

CT =

A1= 9.37 ac C1 = 0.95 Rooftops and Pavement
A2= 284.41 ac C2 = 0.15 Woodlands (Rolling with Sandy Soils)
A3= 0.00 ac C3 = 0.25 Grass (Rolling with Sandy Soils)

AT= 293.78 ac (per previous permit, 118421-2)

CT = 0.18

X25 yr = 1.1 X50 yr = 1.2 X100 yr =

i25 yr = 1.4 in/hr i50 yr = 1.5 in/hr i100 yr =

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

(per previous permit, 118421-2)
Q25 yr = 77.1 cfs Q50 yr = 93.4 cfs Q100 yr = 

Q500 yr = 1.7 x Q100 yr  = 197.2 cfs

HYDROLOGIC ANALYSIS

I-95 Pioneer Trail Interchange

North01-I-95

1.25

1.8 in/hr

116.0 cfs

C1*A1 + C2*A2 +C3*A3
AT

QT = XT * CT * itc * AT

Peak Runoff for Return Period T (cfs).
Frequency Factor for Return Period T.
Average Runoff Coefficient for Return Period T.
Average Rainfall Intensity for Return Period T (in/hr).
Total Watershed Drainage Area (ac).



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-I-95 (Existing) 

 

Headwater Elevation 
(ft) Total Discharge (cfs) 

North01-I-95 
(Existing) Discharge 

(cfs) 
Roadway Discharge 

(cfs) Iterations 

 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-I-95 (Existing) 

 
 



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

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 22.80 ft,    Outlet Elevation (invert): 21.46 ft 

Culvert Length: 123.01 ft,    Culvert Slope: 0.0109 

******************************************************************************** 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type Normal 

Depth (ft) Critical 
Depth (ft) Outlet 

Depth (ft) Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(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 4.172 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 4.179 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 4.173 1-JS1t 1.893 2.910 4.620 3.280 6.098 0.000 



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

 
 



Water Surface Profile Plot for Culvert: North01-I-95 (Existing) 

 

Site Data - North01-I-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-I-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 (90º) Headwall 
Inlet Depression:  NONE 

 



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

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

Constant Tailwater Elevation:  26.08 ft 

Roadway Data for Crossing: North01-I-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 
 

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 



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-I-95 (Proposed) 

 

Headwater Elevation 
(ft) Total Discharge (cfs) 

North01-I-95 
(Proposed) Discharge 

(cfs) 
Roadway Discharge 

(cfs) Iterations 

 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-I-95 (Proposed) 

 
 



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

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 22.80 ft,    Outlet Elevation (invert): 21.46 ft 

Culvert Length: 123.01 ft,    Culvert Slope: 0.0109 

******************************************************************************** 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type Normal 

Depth (ft) Critical 
Depth (ft) Outlet 

Depth (ft) Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(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 4.172 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 4.179 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 4.173 1-JS1t 1.893 2.910 4.620 3.280 6.098 0.000 



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

 
 



Water Surface Profile Plot for Culvert: North01-I-95 (Proposed) 

 

Site Data - North01-I-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-I-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 (90º) Headwall 
Inlet Depression:  NONE 

 



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

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

Constant Tailwater Elevation:  26.08 ft 

Roadway Data for Crossing: North01-I-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 
 

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 



DATE
made by: DHR 11-Jul-20

checked by:   
Stantec job #:  

PROJECT:

LOCATION:

Rational Equation:

QT =
XT =
CT =
itc =

AT =

CT =

A1= 9.37 ac C1 = 0.95 Rooftops and Pavement
A2= 284.41 ac C2 = 0.15 Woodlands (Rolling with Sandy Soils)
A3= 0.00 ac C3 = 0.25 Grass (Rolling with Sandy Soils)

AT= 293.78 ac (per previous permit, 118421-2)

CT = 0.18

X25 yr = 1.1 X50 yr = 1.2 X100 yr =

i25 yr = 1.4 in/hr i50 yr = 1.5 in/hr i100 yr =

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

(per previous permit, 118421-2)
Q25 yr = 77.1 cfs Q50 yr = 93.4 cfs Q100 yr = 

Q500 yr = 1.7 x Q100 yr  = 197.2 cfs

116.0 cfs

C1*A1 + C2*A2 +C3*A3
AT

QT = XT * CT * itc * AT

Peak Runoff for Return Period T (cfs).
Frequency Factor for Return Period T.
Average Runoff Coefficient for Return Period T.
Average Rainfall Intensity for Return Period T (in/hr).
Total Watershed Drainage Area (ac).

HYDROLOGIC ANALYSIS

I-95 Pioneer Trail Interchange

North02-I-95

1.25

1.8 in/hr



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-I-95 (Existing) 

 

Headwater Elevation 
(ft) Total Discharge (cfs) 

North02-I-95 
(Existing) Discharge 

(cfs) 
Roadway Discharge 

(cfs) Iterations 

 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 
 27.11 166.06 166.06 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-I-95 (Existing) 

 
 



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

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 22.76 ft,    Outlet Elevation (invert): 20.98 ft 

Culvert Length: 123.01 ft,    Culvert Slope: 0.0145 

******************************************************************************** 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type Normal 

Depth (ft) Critical 
Depth (ft) Outlet 

Depth (ft) Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(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 4.151 0.000 
 155.68 155.68 27.05 4.170 4.285 1-S1f 1.456 2.486 5.000 3.320 4.448 0.000 
 166.06 166.06 27.11 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 4.121 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 



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

 
 



Water Surface Profile Plot for Culvert: North02-I-95 (Existing) 

 

Site Data - North02-I-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-I-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 (90º) Headwall 
Inlet Depression:  NONE 

 



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

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

Constant Tailwater Elevation:  26.08 ft 

Roadway Data for Crossing: North02-I-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 
 

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 



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-I-95 (Proposed) 

 

Headwater Elevation 
(ft) Total Discharge (cfs) 

North02-I-95 
(Proposed) Discharge 

(cfs) 
Roadway Discharge 

(cfs) Iterations 

 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 
 27.11 166.06 166.06 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-I-95 (Proposed) 

 
 



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

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 22.76 ft,    Outlet Elevation (invert): 20.98 ft 

Culvert Length: 123.01 ft,    Culvert Slope: 0.0145 

******************************************************************************** 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type Normal 

Depth (ft) Critical 
Depth (ft) Outlet 

Depth (ft) Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(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 4.151 0.000 
 155.68 155.68 27.05 4.170 4.285 1-S1f 1.456 2.486 5.000 3.320 4.448 0.000 
 166.06 166.06 27.11 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 4.121 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 



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

 
 



Water Surface Profile Plot for Culvert: North02-I-95 (Proposed) 

 

Site Data - North02-I-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-I-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 (90º) Headwall 
Inlet Depression:  NONE 

 



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

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

Constant Tailwater Elevation:  26.08 ft 

Roadway Data for Crossing: North02-I-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 
 

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 
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