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1.0

STREET DRAINAGE SYSTEM HYDRAULIC ANALYSIS

DATE UPDATED: MAY 7, 2024
TUTORIAL TIME: 45 MINUTES

INTRODUCTION

This tutorial was developed to showcase the capability of the Street Drainage
Hydraulics module within DDMSW. Important feature elements of the tutorial
include:

e Hydrologic model development for Rational Method from GIS shapefiles
® Model network development for the Rational Method

® Hydraulics analysis of Catch Basin inlets using the Street Drainage Network
Model.

® Hydraulic Grade Line (HGL) evaluation of the Conveyance Facilities using the
STORMPRO Backwater Model.

The Street Drainage Hydraulics module is comprised of three hydraulic analysis tools,
namely: Street Drainage Calculator, Street Drainage Network Model, and STORMPRO
Backwater Model.

The Street Drainage Calculator is designed for stand-alone hydraulic analysis of
individual catch basin inlets and the street section on which the inlet structures are
located. The tool evaluates the inlet capacity and the corresponding spread of
surface flow on the street. This tool is useful for identifying and selecting inlet types
and sizes to use during the pre-design stage when performing preliminary project
cost evaluation and public safety assessment.

The Street Drainage Network Model is designed for hydraulic analysis of a network
of inlets where types and capacities of upstream inlet facilities impact the selection
of types and sizes of the downstream facilities. This tool evaluates the hydraulic
performance of the entire drainage network as well as immediate street spread of
surface flows.

The STORMPRO Backwater Model is designed to evaluate the hydraulic grade line
(HGL) of the sub-surface flows in the pipe / conduit network that is serving to convey
the collected flows from the ground surface to be discharged to system outfall(s).

In summary for Urban Drainage applications, the Street Drainage Calculator and the
Street Drainage Network Model are designed to evaluate the hydraulics of the
surface flows through the catch basin inlets and the respective adjoining streets,
while the SToRMPRO Backwater Model analyzes the hydraulics of the subsurface
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flows in the underground conduit network aimed at evaluating the hydraulic grade
line (HGL) of the sub-surface drainage system.

2.0 EXAMPLE PROBLEM

This tutorial provides a Street Drainage working example already developed in
DDMSW (Project Name: KVLEXAMPLE12). The layout of the drainage system that
shows both the surface and sub-surface components to be analyzed is illustrated
below.

cBoos0 010045 caopag 01003 CB0030
$T0040 $T0030

010025 CBO020 010015
§T0010

$T0050 CBOO10 310005

§T0020

§T0045

CBO045 ST0035 §T0025 §T0015 ST0005
CB0035 CBO075 CBO015 CB000S

Inlet
Street

— Pipe

The drainage system is comprised of ten (10) sub-basin areas represented by half-
streets from which the design flows would be generated. The flows from these
contributing areas enter ten (10) inlets - one inlet for each sub-basin area. From the
inlets, the flows are conveyed to the sub-surface piping system located in the middle
of the street. The flows are conveyed from the upstream end (left) to the
downstream end (right) to be discharged at the system outfall.

The physical association of the sub-basins, inlets and the underground pipes could
be explained from the Table below. For example, the flows from SUB BASIN ST0050
(north half-street) enter INLET CBO050 and received by PIPE 010045 for conveyance
downstream. Similarly, the flows from SUB BASIN ST0045 (south half-street) enter
INLET CB0045 and received by PIPE 010045.

RECEIVING
NO. susasms INLET IDS | UNDERGROUND | U8 ?\IAOS;':SAREA
PIPE IDS
1 ST0050 CB0050 North half-street
2 ST0045 cB0045 | 010045(U/S)  [Tsouth half-street
3 ST0040 CB0040 North half-street
4 ST0035 CB0035 010035 South half-street
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3.0

RECEIVING
NO. SUB:)’;S'NS INLET IDS | UNDERGROUND | U8 ?\IAOS;':SAREA
PIPE IDS

5 ST0030 CB0030 North half-street
6 ST0025 CB0025 010025 South half-street
7 ST0020 CB0020 North half-street
8 ST0015 CB0015 010015 South half-street
9 ST0010 CB0010 North half-street
10 ST0005 cBo0os | 010005 (D/S)  [“south half-street

From the flows being conveyed through the main trunk comprising of the five (5)
pipe segments (i.e., PIPE IDs 0100045, 010035, 010025, 010015, and 010005), the
program generates the water surface pressure gradient (WSPG) which represents
the water surface profile of the event flows that pass through the drainage system.

STEP-BY-STEP PROCEDURE

This tutorial presents the procedure in the use of the Street Drainage Program tools
that are available in DDMSW. These tools are employed from model development
to running the model. The analysis procedure is divided into four stages — each stage
of analysis has a defined objective. Each stage is foundational to achieving the
objective of the next stage that would follow. The four stages are identified as
follows:

Stage 1 - Model Development for Rational Method
Stage 2 - Model Network Development
Stage 3 - Surface Flow Hydraulics Analysis [Inlet and Street Facilities]

Stage 4 - Sub-Surface Flow Hydraulics Analysis [Underground Pipe
Network]

It some cases, like this tutorial, Stage 4 would appear to be presented and
performed ahead of Stage 3. Stages 3 and 4 can be done alongside each other as
their results are mutually dependent. During the pre-design stage, choosing the
sizes of basin inlets and pipes impact the water surface hydraulics on individual
surface drainage facilities (Stage 3) while also impacting the combined hydraulic
performance of the entire storm drainage system (Stage 4).

3.1 Model Development for Rational Method
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Rational Method is used in this tutorial to evaluate the flows for the sub-basin areas.
GIS shape files for the sub-basins, rainfall, times of concentration, and land uses
were already developed. The following steps are provided to build the hydrologic
model from which the contributing flows from individual sub-basins are generated.

3.1.1 Set Project Defaults

(1) Start DDMSW.

(2) Open the SELECT PROJECT form and select the List tab (File = Select

Project = List tab)

(3) From the list of Street Drainage projects, select KVLEXAMPLE12.

(4) Once the specific project is selected, switch to the Details tab. Set
the project defaults as shown on the screen capture provided below
and adjust the Modification Date to reflect the current Date. Click

OK to close window.

List

Project Reference

Details

Project Defaults

ProjectID | 00105 Reference ARSI ISy b Model | Rational e
Title | Street Drainage Example
Location | Maricopa County Land Use | PHOENIX >~
Agency | Flood Control District of Maricopa County Rainfall | NOAAT4 -~
[THydrology and Hydraulics Only Roads | PHOENIX P
[ IRiver Mechanics Only Inlets | PHOEMIX e
Min/Max Tc (minutes)
Minimum Tc 5 |
Maximum Tc 90 || o~
My
L
Date | g1/10/2014 | | Update Defaults | DefaultVersions ﬁjnfu Print... Delete Add DK

3.1.2 Evaluate the Average Rainfall of the Project

For this tutorial, NOAA14 Rainfall shall be used to generate the rainfall data
for the project area using GIS shape file. The GIS shape file of the Rainfall
polygon is included in the KVLEXAMPLE12 subfolder in the Maps folder
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(C:\FCDMC\DDMSW680\Maps\KVLExample12). Your path to this file may
be different from that shown in this example.

(1) Open the NOAA 14 RAINFALL FOR THE PRoJECT form (Hydrology =
Rainfall)

(2) Click the ‘Browse’ button at the right end of the GIS Rainfall Map
textbox to navigate to the folder location of the Rainfall.shp (i.e.,
C:\FCDMC\DDMSW605\Maps\V605_KVLExamplel2).

(3) Select the Rainfall.shp and press OK
(4) On the NOAA 14 RAINFALL FOR THE PROJECT form, click Save.
(5) Click Update to develop the average rainfall data for the project.

(6) Click Yes to continue and to exit the UppATE NOAA14 RAINFALL USING
GIS dialog box.

% NOAA 14 Rainfall for Project =
GIS Rainfall Map
CAFCOMC\DDMSWEBMSTIMAP SWWVLEXAMPLE12\RAIMFALL SHP
Check Required Map Fields Required Map Fields

Average Rainfall Data for Project
2ur Syr 10wy  25yr 50wr  100yr
EMin| 0245] 0331 0398 0488 0557 | 0628
10Min | 0372 0504 0606 0743 0848 0957
15 Min | 0461 0625 0751 0921 1051 1.186
30 Min | 0.621 0842 1011 1240 1416 1587
1Hour | 0.769) 1.042] 1252 1535 1752 1976
2Hour | 0886 1183 1410 1721 1956 2202
3Hour | 0969 1268 1507 1841 2107 2383
GHour | 1150 1472 1728 2077 2350 2634
12Houwr | 1279 1.618 1884 2243 2517 2802
24 Hour | 1520 0 1.968 2321 2814 3203 3608

Log & nfo Print...

Source QK

(7) Click OK to exit NOAA14 RAINFALL FOR THE PROJECT form.

(8) To see the graph of the IDF curves, open the RAINFALL INTENSITY form
(Hydrology = Rational Method = Rainfall Intensity) and click the
Graph button at the bottom right of the form.
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issh Rainfall Intensity | )
List Details
Look for |
Tc 2-Year 5-Year 10-Year 25-Year 50-Year 100-Year »

51 2492 395 475 582 6.65 750

52 291 393 472 579 6.61 745

53 249 391 470 576 £.58 741

54 2.88 3.89 4 67 573 6.54 7.37

5.5 2.86 387 4.65 570 6.50 7.33

56 284 384 4 62 5.67 6.47 729

57 283 382 4.60 5.64 6.43 7.25

5.8 2.81 3.80 457 5.61 5.40 7.22

59 280 378 455 5.58 6.36 718

6.0 278 376 452 5.55 6.33 714

6.1 277 374 450 5.51 6.29 7.10

6.2 275 372 4 47 548 6.26 7.08

6.3 274 370 445 5.46 6.23 7.02

6.4 272 3.68 442 543 6.19 6.98

6.5 271 3.66 440 540 6.16 6.95 -
‘ P

3

=b Rainfall Intensity =B

Flood Control District of Maricopa County
Rainfall Intensity
Project ID: KVLEXAMPLE12

E 9.00 Chart area
% 2.00 K

2 700

£ so0 \:\

2500 \\\-

n|=".| 4.00_\ \\h-..

g L

£ 3.001?3 %ﬁ.

E 200 . —

=
[ U e e e e ey ey
5 10 15 20 25 30 35 40 45 S50 55 60 65 70O 75 80 85 90
Duration {(minutes)

- 100 Year -~ 50 Year -~ 25 Year == 10 Year 5 Year - 2 Year

(9) Click OK to close the form that shows the IDF plots of the Rainfall
Intensities for different return periods.
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(10) Click OK to exit the Rainfall Intensity form.

3.1.3 Evaluate the Model Parameters for the Sub Basins Using GIS

The sub-basins, times of concentration (Tc), and land use data for the project
have already been developed. The shape files of the sub-basins, land use and
Tc are all located in the “Maps\KVLExample12” folder
(C:\FCDMC\DDMSW®605\ Maps\ KVLExample12). Again, your path to these
relevant project files may be different.

(1) Open the UppATE HYDROLOGY FROM GIS form (Maps = Update
Hydrology)

(2) Using the Browse button at the right side of the Sub Basins textbox,
navigate to the folder location of the SubBasins.shp and select the
file.

(3) Click OK to close the OPeN dialog box.
(4) Click Save to continue.
(5) Repeat steps (2), (3) and (4) for the Land Use and Tc data files.

The completed form is shown below:

'@ Update hydrology from GIS - MB: 01 EI

g

Name and Path of Maps for Hydrology

Sub Basins | C\FCDMC\DDMESWEEMSTMAP SWKVLEXAMPLE 12\SUUBBASINS . 2HP
Land Use | C\FCDMCIDDMSWES S TWAPSWVLEXAMPLE 12\ ANDUSE.SHP
Tec | CAFCDMC\DDMSWEBEMSTWMAPSWKVLEXAMPLE 12 TC . SHP
GIS Project
Check Required Map Fields Required Map Fields
Update Options Major Basin
- .
SutBasin Major Basin| 01 | 0
[~]Land Use
e
Map File Key Field Name
Land Use Code | [H¥[e{s]n]=
CheckLog|| @Plnfo | Update oK
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(6) To update the model parameters using the information provided by
the three shape files, click the Update button.

(7) If no warning or program error messages are generated, click OK to
exit the UPDATE HYDROLOGY FROM GIS form.

The model parameters are now evaluated. It is a good practice for the
user to check and validate the evaluated model parameters to ensure that
model parameter values are correct.

(8) To view the evaluated model parameters, open the Sus BASINS form
(Hydrology = Sub Basins).

(9) On the List tab, select the first record (i.e., Sub Basin “010005”).

ir# Sub Basins - MB: 01 =] 3]
List ‘ Details
Look for |

Sort Sub Basin Area Length Slope Qz Q10 Q100 F
20 010010 3.38 990 10.7 42 7.8 15.3

30 010015 2,30 531 12.7 40 7.2 137

40 010020 2.86 850 124 36 b4 124

50 010025 2.29 760 13.9 a3 B.1 114

50 010030 244 807 131 a1 57 10.9

70 010035 1.99 720 147 29 53 101

80 010040 232 760 13.9 23 5.0 11.8

90 010045 144 585 18.1 23 42 8.2

100 010050 2.03 BE6 15.9 a1 5.6 10.9

4 L3

| @nfo || Resort || Pont. || Demete || add || mB || Update || ok |

(10) Select the Details tab to view the evaluated Sub Basin Parameters
and the Sub Basin Hydrology Summary table.
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3 Sub Basins - MB: 01 =i ==

List Details
Sub Basin Sub Basin Hydrology Summary
Major Basin | g1 pe 24 Syr 10 25y 50 100 yr
Sub Basin 310005 Q (cfs) 43 8.2 7.7 10.6 131 152
Sort 10 CA(ac) 268 268 2.68 2.88 am am

Vol (ac-ft)|  0.1979 0.2642 0.3149 0.4130 0.4906 0.5523

Sub Basin Parameters Custom Tc Il ™ O O | Il
Area (acres) 331 Tc (min} 207 17.9 16.5 15.0 14.1 133
Length (ft) g5f Recession (min)| 46.126 43974 42881 41573 40.278 39.459
USGE (ft) 96.0 | {indhr) 1.59 2.32 2.89 3.68 4.35 5.06
DSGE (ft) 94.0
Comments
Slope (ft/mi) 11.0

Value Default Custom
Kb 0.037 0037 [

@mfo ReSort Print... Delete Add MB Update QK

(11) Navigate from one Sub Basin record to another to check the ‘Sub
Basin Hydrology Summary’ results. All textboxes should all have
values.

(12) Click OK to exit the Sus BAsIns form.

3.1.4 Update Conveyance Facilities Data (Hydraulics = Conveyance
Facilities)

For this tutorial, the STORMPRO backwater model is used to develop the
hydraulic grade line (HGL). Therefore, it is necessary to Sort the Conveyance
facilities in the correct order and establish the Line ID for each Conveyance
Facility. With respect to the Figure (i.e., configuration of the drainage
system) shown on the first page, all Conveyance Facilities comprising of the
main trunk line will be Line “100”.

Open the CONVEYANCE FAcILITIES form (Hydraulics = Conveyance Facilities >
List tab) and select Facility ID “010005”. Select the ‘Details’ tab.
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'@ Conveyance Facilities - MB: 01 El@
List Details
1D Section Type Calculations
MBID | 01 pu] Section | Pipe v Capacity (cfs) 785
Facility ID | 010005 Length (ff) 166.70 Slope ()| 0.0030
Line ID 100 Manning’s n 0.013 | 4 Velocity (fps) 28
Sort| 10 k% Diameter (in) 43 Mormal Depth (ft)
Mo. of Barrels 16 Critical Depth (f)
Model Options
RPrs)| 10 ||| [SIRE No.ofManholes| 0 /= Upstream
Custom Q] (c?} Hf?'—
Model Road [] 5 (M
First Pipe (] 2t 29.5 85.55
Qutfall 5Yr 41.1 8586
DIS Pipe ID st 10 | 501 86.07
. Comments 25YT 66.3 86.41
Elevations | ~
WS DS 50T 787 86.65
Ground| 9400 9500 100Yr 89.1 B6.83
Invert  £4.00 83.50 v
ResSort || Print. | Delete Add Graph MB Update oK

The following table presents the input data for all the Conveyance Facilities.

Common to all are the following: All “Pipe” Section; Manning’s n is “0.013";

No of Barrels is “1”.

1D Model Options Elevations Section
Faclity five D sot| e Model First o e DS | USGE DSGE  USE  DSE |Length Dia  Manholes
D Road Pipe Pipe ID
010005 | 100 10 10 " 9400 9500 8400 8350 [166.70 48
(010015 | 100 20 10 9500 9400 8500 8400 (10000 48 1
[ 010025 | 100 30 10 9600 9500 8650 BAA0 |B82930 42 1
[ 010035 | 100 40 10 9700 9600 8800 8700 |761.10 36 1
[ 010045 | 100 50 10 X 95.00 9700 89.50 8BS0 |727.10 30 1
After validating the entered data for the Conveyance Facilities, click OK to close the
CONVEYANCE FAcCILITIES form.
3.2 Model Network Development

3.2.1 Develop Rational Method Network (Hydrology = Rational
Method = NETWORK)

Open the RATIONAL METHOD NETWORK form (Hydrology = Rational Method
= Network) to build the model network.

Enter the data as shown below:

TUTORIAL # 17 - STREET DRAINAGE SYSTEM HYDRAULIC ANALYSIS

PAGE 10



4 Rational Method Network - MB: 01
Look for First Pipe
Sort D Type Combine A
10 010050 Sub Basin
20 010045 Sub Basin
30 010045 Combine 2
40 010045 Convey
50 010040 Sub Basin
G0 010035 Sub Basin
70 010035 Combine 3
80 010035 Convey
90 010030 Sub Basin
100 (010025 Sub Basin
110 (010025 Combine 3
130 (010020 Sub Basin
140 (010015 Sub Basin
150 (010015 Combine 3
160 (010015 Convey
170 (010010 Sub Basin
180 (010005 Sub Basin v
< >
@info | ReSort

o]~ ]
Network
Major Basin ID | 01 P
Sort 120 15
Type Convey pe
I 010025 |~ [JFirst Pipe
Sulb Basin LCombine Convey Divert
Hold Receive Retrieve Diversion
Siorage
Check Metwaork
-
]
Print... Delete Add MB OK

After completing the data entry, click the Check Network button to make sure that

all the Sub Basins elements are in the network.

After the program verifies that the Network has no issues, click OK to close the
RATIONAL METHOD NETWORK form.

3.2.2 Run the Model (Hydrology = Rational Method = Model)

The model is now ready to be run.

Open the RuN RATIONAL MEeTHOD MobEL form (Hydrology = Rational
Method = Model) and enter the data as shown below.

% Run Rational Method Model - MB: D1 (o[- (3]
Return Period | Options
[ 2 Year Multiple Basins [
[15 Year Major Basin | 01 e
[ 10 Year Design RP 10 || S
[]25 Year Update Rational Method
50 Year Update Conveyance Flows
100 Year
@'jnfo Storage Results || Run Model DK

PAGe 11
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Click the Run Model button to execute the program. Click Yes to continue.

If no issues are found during the execution of the model, click OK to close
the form.

3.3  Sub-Surface Flow Hydraulics Analysis [Underground Pipe Network]
3.3.1 Update StormPro Lines (Hydraulics = StormPro Backwater = Lines)

It is necessary to establish the starting water surface elevation for Line ID
“100”, which is the main line. If left blank, the value will default to (D+D¢)/2,
where D is the depth of the facility (e.g., Diameter of the Pipe), and D¢ is the
critical flow depth. For Line ID “100”, check that it is a Main Line (i.e., check
the Main Line checkbox).

l@ StormPro Lines - MB: 01 EI@
Main Line
Line Downstream Starting Starting Starting Starting Starting Starting -
o] s} HGL2 HGL5 HGL10 HGL25 HGL 50 HGL 100 Major Basin ID | g1
| Line ID 100
Main Line [+
Starting HGL
2 Year
5 Year
10 Year
25 Year
50 Year
100 Year
Design
4 3
[ @ | Pont. || wB || Update | oK

3.3.2 RUN STORMPRO MODEL (HYDRAULICS & STORMPRO BACKWATER
MODEL)

Select all Return Periods, check All Lines checkbox and check Delete All Prior
Results checkbox. Please note that it is necessary to establish a Model Runs
Path folder for the model results. If a warning is triggered after clicking the
Run Model button, click OK to launch the PRoJECT PATHS — EDIT form to set
the Model Runs Path for the project. Click OK to exit the PROJECT PATHS —
EpiT form.
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l‘@ Run StormPro Model - ME: 01 E\@
Return Period Options
[¥] 2 Year All Lines
[¥] 5 Year Line ID 100
10 Year Delete All Prior Results
25 Year
50 Year
100 Year
[ @ ][ Errar File ” Results ][Run Madel ][ oK
w4} Project Paths -- Edit =N E=N =

Machine ID | FCDOO104W & MICHAEL POTUCEK
Agency  Flood Control District of Maricopa County
Project | Street Drainage Example
GIS Files Path | C:AFCDMC\DDMSWESMSTUMAPSWWLEXAMPLE 124
Model Runs Path | C:\FCODMC\DDMSWES\STIMODLRUMNSWVLEXAMPLE 124
Exported Files Folder

Save Cancel 0],

Back to the RUN STORMPRO MoDEL form, click the Run Model button to rerun
the model. After successful model run, the results can be viewed by clicking
the Results button.
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| = || = | =|
List Details
Equivalent Box Section
LinelD RP | ] Size Station Flow Velocity Inv HGL GE HGL=GE ~
100 10 (010005 48" Dia Pipe 6.83 54.9 7.28 83.52 85.84 94,96
100 10 (010005 48" Dia Pipe 54.39 54.9 6.94 83.66 86.07 94 67
100 10 (010005 48" Dia Pipe 166.70 54.9 6.79 84.00 86.45 94.00
100 10 (010015 48" Dia Pipe 171.70 416 3.90 84.00 87.16 94.05
100 10 (010015 48" Dia Pipe 184.94 416 4.09 84.14 87.15 94.18
100 10 (010015 48" Dia Pipe 196.54 416 4.29 84.26 87.14 94.30
100 10 (010015 48" Dia Pipe 206.95 416 4.50 84.37 87.13 94.40
100 10 (010015 48" Dia Pipe 216.24 416 472 84.47 87.11 94.50
100 10 (010015 48" Dia Pipe 224,46 416 4.95 84.56 87.09 94.58
100 10 (010015 48[\§Jia Fipe 231.79 416 5.19 84.63 87.07 94 65
100 10 (010015 48" Dia Pipe 238.16 416 545 84.70 87.04 94.71
100 10 (010015 48" Dia Pipe 243.49 416 571 84.76 a87.01 9477
100 10 (010015 48" Dia Pipe 245.05 416 5.82 84.77 86.99 9478
100 10 (010015 48" Dia Pipe 24582 416 8.41 84.78 86.44 9479
nn 1n_In1nn1s  lam” nia Pina J5R 72 41 F an? adan R RY ad an N
< >
&info & Print... View MB oK
To view the hydraulic grade line, click the Graph button.
@ StormPro Hydraulic Grade Line EI@
B3 2
StormPro Hydraulic Grade Line
Street Drainage Example
Model Run: 01-00100-010
w w L w
114.00 = & = =
[=] o (=1 o
109.00 = = =) =
£ j0a00
=
2 99.00 —
@ be e I - e —————— o= ===
e s o B O e ————
& 89.00 e e ————
gy
84.00
79.00
74.00
0 1000 2000
Station (ft)
— et — Soffit =-=HGL == Ground
TUTORIAL # 17 - STREET DRAINAGE SYSTEM HYDRAULIC ANALYSIS PAGE 14




34

Surface Flow Hydraulics Analysis [Inlet and Street Facilities]

3.4.1 ANALYZE STREET DRAINAGE HYDRAULICS (HYDRAULICS = STREET DRAINAGE
=» NETWORK MODEL)

There are 10 street sections that need to be modeled as shown on the Figure
in the first page of this tutorial. A summary of the data is shown below and
details for each section are shown on the figures that follow. Itis important
that the records are sorted in the order they need to be modeled. After
entering all the data, click Update to run the Model.

'@ Street Drainage Network Model - ME: 01 EI@
List Details
Lookfor | |
Sort Street Sub Inlet Inlet Bypass Allowable Spread TotalQ Intercepted Bypass &
D Basin ID Specification To Spread (ft) (fty (cfs) (cfs) (cfs)
10 ST0050 (010050 |CBOOSO0 |P1569-M1-10 |STOO040 2200 16.56 5.60 4.69 0.91
20 5T0040 (010040 (CBOO40 |P15689-M1-10 |STOO030 22001 1878 6.91 556 1.35
30 ST0030 (010030 (CBOO30 |P1569-M1-10 |STOO0Z0 22001 19.08 7.05 5.66 1.39
40 5T0020 (010020 (CBOOZO |P1569-M1-10 |STOO10 22001 1995 779 6.07 172
50 ST0010 (010010 |CBOO1O |P15689-M2-17 22.00 8.71 9.52 9.52
G0 ST0045 (010045 |CBO045 |P1569-M1-10 |STO0035 22001 14.80 420 3.85 0.35
70 ST0035 (010035 |CBO035 |P1569-M1-10 |STO025 22001 17.37 5.65 4.87 0.7e
= 5T0025 (010025 |CBO025 |P1569-M1-10 |STOO015 22001 1845 5.88 4.96 1.92
a0 ST0015 (010015 |(CBOO1S |P1569-M1-10 |STOO0OS 22001 21.29 9.12 6.07 3.05
L
< >
@mfo ReSort Copy Print... Delete Add mB Update QK
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Individual street section hydraulic analysis results are provided below:

(1) Street Section ID: “STO0050”



‘@ Street Drainage Metwork Model - MB: 01

[ & =]

List Details
1D Street Design Discharge
Major Basin 1D 01 -~ Slope (ftf) 0.0034 RP (yrs) 10 | o~ | AIRP
Street Section ID||STO0O50 Manning’s n 0.016 Sub Basin (cfs) 5.60
SubBasinID| 010050 | Cross Slope (fuft) 0.0200 From Bypass (cfs) 0.00
Bypass To Street ST0040 | Allowable Spread (ft) 22.00 Total Q (cfs) 5.60
Sort 10 = Spread (ft) 16.56 Custom Q [] Uncheck for RP
[ Inlet Depth x Velocity 083
Inlet Curb and Gutter Inlet Interception
ID | CBOOBO Gutter Width (ft) 1.42 100% Capture (ft) | 2044
Grade | On Grade -~ Gutter Depression (in) 1.00 h Efficiency (E) 0.84
Spec P1569-M1-10 | - Curb Height (in) 5 Q Intercepted (cfs) 469
Type  Curb Opening Inlet Depression (in) 2.00 0 Bypassed (cfs) 091
Capacity Factor(s) D ECT (T, 041| | Ccomments
Curb Opening| 0.80 [ ]Custom Average Velocity (fps) 2.00 -
Flow Ratio (Ea) 0.25
W
@mfo ReSort Copy Print... Delete Add MB Update OK
(2) Street Section ID: “ST00040”
'@ Street Drainage Network Model - MB: 01 EI@
List Details
1D Street Design Discharge
Major Basin 1D 04 -~ Slope (ftft) 0.0027 RP (yrs) 10 | | AIRP
Street Section ID |5T004{J Manning's n 0.016 Sub Basin (cfs) 6.00
Sub Basin ID| 010040 | Cross Slope (ftft) | 0.0200 From Bypass (cfs) 0.91
Bypass To Street| ST0030 | - Allowable Spread (ft) 22.00 Total @ (cfs) 6.91
Sort 20 5 Spread (ft) 18.78 Custom Q [ Uncheck for RP
] Inlet Depth x Velocity 0.88
Inlet Curb and Gutter Inlet Interception
ID | CBOO40 Gutter Width (ft) 1.42 100% Capture (ft)  21.80
Grade  On Grade -~ Guiter Depression (in) 1.00 Efficiency (E) 0.80
Spec| P1569-M1-10 | Curb Height (in) 5 Q Intercepted (cfs) 5.56
Type Curb Opening Inlet Depression (in) 2.00 Q Bypassed (cfs) 1.35
Capacity Factor(s) Depth at Curb (f) 046 | | comments
Gurb Opening| 0.80 | []custom Average Velocity (fps) 1.93 -
Flow Ratio (Eo) 022
L
@lnfo ReSort Copy Print... Delete Add MB Update OK
(3) Street Section ID: “ST00030”
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‘@ Street Drainage Network Model - MB: 1

[o] & s

List Details
1D Street Design Discharge
Major Basin 1D | 01 -~ Slope (ftft) 0.0026 RP (yrs) 10 | o~ | AIRP
Street Section 1D |[STO030 Manning's n 0.018 Sub Basin (cfs) 570
SubBasin ID| 010030 | Cross Slope (fft) 0.0200 From Bypass (cfs) 1.35
Bypass To Street| STO020 -~ Allowable Spread (ft) 22.00 Total Qi (cfs) 7.05
Sort 30 5 Spread (ft) 19.06 Custom Q [] Uncheck for RP
Inlet Depth x Velocity 0.89
Inlet Curb and Gutter Inlet Interception
D | CBOO30 Gutter Width (ft) 1.42 100% Capture (ft) | 21.85
Grade | On Grade >~ Gutter Depression (in) 1.00 Efficiency (E) 0.80
Spec| P1569-M1-10 |2 Curb Height (in) 5 Q Intercepted (cfs) 5.66
Type  Curb Opening Inlet Depression (in) 2.00 Q Bypassed (cfs) 1.39
Capacity Factor(s) Depth at Curb () 046 | | Comments
Curb Opening| 0.80 | [Jcustom HOEET LTI L2E ”
Flow Ratio (Eo) 022
W
@mfo ReSort Copy Print... Delete Add MB Update OK
(4) Street Section ID: “ST00020”
'@ Street Drainage Network Model - MB: 01 El@
List Details
1D Street Design Discharge
Major Basin 1D | 01 -~ Slope (ftft) 0.0025 RP (yrs) 10 | o~ | | AIRP
Street Section ID| STO020 Manning's n 0.016 Sub Basin (cfs) 6.40
Sub Basin ID| 010020 | Cross Slope (ftft) | 0.0200 From Bypass (cfs) 139
Bypass To Street| STO010 | - Allowable Spread (ft) 22.00 Total @ (cfs) 7.79
Sort 40 = Spread (ft) 19.95 Custom Q@ [] Uncheck for RP
] Inlet Depth x Velocity 0.92
Inlet Curb and Gutter Inlet Interception
ID | CBOO20 Gutter Width (ft) 1.42 100% Capture (ft) 2288
Grade  On Grade -~ Gutter Depression (in) 1.00 Efficiency (E) 0.78
Spec| P1569-M1-10 | Curb Height (in) 5 Q Intercepted (cfs) 6.07
Type Curb Opening Inlet Depression (in) 2.00 Q Bypassed (cfs) 1.72
Capacity Factor(s) Depth at Curb (f) 0481 | comments
Curb Opening| 0.80 | [Jcustom Average Velocity (fps) 1.93 [
Flow Ratio (Eo) 0.21
L
@lnfo ReSort Copy Print... Delete Add MB Update OK
(5) Street Section ID: “ST00010”
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‘@ Street Drainage Metwork Model - MB: 01 EI@
List Details
1D Street Design Discharge
Major Basin ID | 01 -~ Slope (/) 0.0020 RP (yrs) 10 | o~ | AIRP
Street Section ID||STO010 Manning’s n 0.016 Sub Basin (cfs) 7.80
SubBasinID 010010 | Cross Slope (ftft) | 0.0200 From Bypass (cfs) 172
Bypass To Street e Allowable Spread (f) 22.00 Total Q1 (cfs) 952
Sort 50 = Spread (ft) 8.71 Custern @ [] Uncheck for RP
[ Inlet Depth x Velocity 1.15
Inlet Curb and Gutter Inlet Interception
ID | CBOO10 Gutter Width (f) 1.42
Grade  Sump - Gutter Depression (in) 2.00
Spec| P1669-M2-17 || 2 Curb Height (in) 5 Q Intercepted (cfs) 952
Type | Curb Opening Inlet Depression (in) 1.00
Capacity Factor(s) D ECT (T, 0.26 | | Comments
Curb Opening| 0.80  []Custom HEEIRIE TR0, e ”
L
@mfo ResSort Copy Print... Delete Add MB Update QK
(6) Street Section ID: “ST00045”
'@ Street Drainage Network Model - MEB: 01 EI@
List Details
ID Street Design Discharge
Major Basin 1D 01 P Slope (fuft) 0.0034 RP (yrs) 10 | 4| | AIRP
Street Section ID [STOD45 Manning's n 0.018 Sub Basin (cfs) 4.20
SubBasinID 010045 | Cross Slope (ftft) | 0.0200 From Bypass (cfs) 0.00
Bypass To Street 3T0035 | Allowable Spread (ft) 22.00 Total Qi (cfs) 4.20
Sort 60 1= Spread (ft) 14.80 Custom Q [] Uncheck for RP
Inlet Depth x Velocity 0.7
Inlet Curb and Gutter Inlet Interception
ID| CBO045 Gutter Width (ft) 1.42 100% Capture (ft) | 17.36
Grade | On Grade P Gutter Depression (in) 1.00 Efficiency (E) 092
Spec|P1569-M1-10 | 2 Curb Height (in) 5 Q Intercepted (cfs) 3.85
Type  Curb Opening Inlet Depression (in) 2.00 Q Bypassed (cfs) 0.35
Capacity Factor(s) I EETIG 0.38 | | Comments
Curb Opening| 0.80 | []Custom Average Velocity (fps) 1.87 L]
Flow Ratio (Eo) 0.28
W
@lnfo ReSort Copy Print... Delete Add MB Update oK

(7) Street Section ID: “ST00035”
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= [= = =]
List Details
1D Street Design Discharge
Major Basin 1D | 01 -~ Slope (ftft) 0.0027 RP (yrs) 10 || - | AIRP
Street Section 1D | STOO35 Manning's n 0.016 Sub Basin (cfs) 5.30
SubBasin ID| 010035 | Cross Slope (ftft) | 0.0200 From Bypass (cfs) 0.35
Bypass To Street| 5T0025 Fad Allowable Spread (ft) 22.00 Total Qi (cfs) 565
Sort 70 Spread (ft) 17.37 Custom Q [] Uncheck for RP
Inlet Depth x Velocity 0.79
Inlet Curb and Gutter Inlet Interception
ID| CBOO35 Gutter Width (ft) 1.42 100% Capture (f) | 19.48
Grade  On Grade >~ Gutter Depression (in) 1.00 Efficiency (E) 0.86
Spec| P1569-M1-10 | 2 Curb Height (in) 5 Q Intercepted (cfs) 487
Type  Curb Opening Inlet Depression (in) 2.00 Q Bypassed (cfs) 078
Capacity Factor(s) Depth at Curb () 0431 | Comments
Curb Opening| 0.80 | []Custom Average Velocity (fos) 184 ”
Flow Ratio (Eo) 0.24
W
@mfo ReSort Copy Print... Delete Add MB Update OK
(8) Street Section ID: “ST00025”
'@ Street Drainage Network Model - MB: 01 EI@
List Details
1D Street Design Discharge
Major Basin ID | 01 -~ Slope (ftift) 0.0027 RP (yrs) 10| o |AIRP
Street {}gdion ID [sTO025 Manning's n 0.016 Sub Basin (cfs) 6.10
SubBasinlD| 010025 | Cross Slope (ftft) | 0.0200 From Bypass (cfs) 078
Bypass To Street| STO015 | - Allowable Spread (ft) 22.00 Total Qi (cfs) 6.88
Sort 80 Spread (ft) 18.45 Custom @ [] Uncheck for RP
] Inlet Depth x Velocity 1.05
Inlet Curb and Gutter Inlet Interception
D | CBO025 Gutter Width (ft) 1.42 100% Capture (ft) 2558
Grade  On Grade o Gutter Depression (in) 2.00 Efficiency (E) | 0.72
Spec|P1569-M1-10 | Curb Height (in) 5 Q Intercepted (cfs) 4.96
Type  Curb Opening Inlet Depression (in} 1.00 C Bypassed (cfs) 1.92
Capacity Factor(s) Depth at Curd (f) 0.54 || Ccomments
Curb Opening | 0.80 [ ]Custom e M EEL e 182 "
Flow Ratio (Eo) 0.25
W
& info ReSort Copy Print... Delete Add MB Update oK
(9) Street Section ID: “ST00015”
TUTORIAL # 17 - STREET DRAINAGE SYSTEM HYDRAULIC ANALYSIS PAGE 19



'@ Street Drainage Metwork Model - MB: 01

=S [E=R =

List Details
1D Street Design Discharge
Major Basin 1D 01 >~ Slope (ftft) 0.0023 RP (yrs) 10| /| AIRP
Street Section ID |ST(:015 Manning's n 0.016 Sub Basin (cfs) 7.20
Sub Basin ID| 010015 >~ Cross Slope (ftf) 0.0200 From Bypass (cfs) 1.92
Bypass To Street| STO005 -~ Allowable Spread (ft) 2200 Total C (cfs) 912
Sort ap = Spread (ft) 21.29 Customn Q [] Uncheck for RP
[ Inlet Depth x Veelocity 116
Inlet Curb and Gutter Inlet Interception
ID| CBO015 Gutter Width (ft) 1.42 100% Capture (ft) 28.54
Grade On Grade - Gutter Depression (in) 2.00 Efficiency (E) 0.67
Spec| P1569-M1-10 | - Curb Height (in) L) Q Intercepted (cfs) 6.07
Type  Curb Opening Inlet Depression (in) 1.00 ( Bypassed (cfs) 3.05
Capacity Factor(s) Depth at Curb (f) 059 | Comments
Curb Opening| 0.80 | [] Custom Average Velocity (fps) 1.96 ~
Flow Ratio (Ea) 0.22
L
&info ReSort Copy Print... Delete Add MB Update OK
(10) Street Section ID: “ST00005”
'@ Street Drainage Network Model - MB: 01 EI@
List Details
1D Street Design Discharge
Major Basin 1D 01 -~ Slope (ftft) 0.0021 RP (yrs) 10| | | AIRP
Street Section ID IST{J(IOS Manning's n 0.016 Sub Basin (cfs) 770
Sub Basin ID| 010005 | Cross Slope (ftft) 0.0200 From Bypass (cfs) 3.05
Bypass To Street -~ Allowable Spread (ft) 22.00 Total Q (cfs) 10.75
Sort 100 = Spread (ft) 9.80 Custom @[] Uncheck for RP
Inlet Depth x Velocity 1.23
Inlet Curb and Gutter Inlet Interception
ID | CBODOS Gutter Width (ft) 1.42
Grade  Sump >~ Gutter Depression (in}) 2.00
Spec| P1569-M2-17 | Curb Height (in) 5 Q Intercepted (cfs) . 10.75
Type  Curb Opening Inlet Depression (in) 1.00
Capacity Factor(s) Depth at Curb () 028 | | comments
Curb Opening| 0.80 | [] Custom Average Velocity (fps) 1.96 "
L
@lnfo ReSort Copy Print... Delete Add MB Update QK
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4.0 SUMMARY

The summary of the street drainage analysis is provided below. This concludes this

tutorial.
'@ Street Drainage Metwork Model - MB: 01 E\@
List Details
Look for | |
Sort Street Sub Inlet Inlet Bypass Allowable Spread TotalQ Intercepted Bypass &
D Basin [n] Specification To  Spread(fy (f) (cfs) (cfs) (cfs)
20 STOO40 |010040 |CBOO40 |P1569-M1-10 [STO030 2200 18.78 6.91 5.56 1.35
30 STO030 |010030 |CBOO30 |P1569-M1-10 |STO0Z20 2200 19.06 7.05 5 66 1.39
40 ST0020 |010020 |CBOO20 |P1569-M1-10 [STOO010 22.00{ 19.95 7.79 6.07 172
50 STO010 |010010 |CBOO10 |P1569-M2-17 22.00 871 952 952
60 ST0045 |010045 |CBOO45 |P1569-M1-10 [ST0035 2200{ 1480 420 3.85 0.35
70 STO0035 |010035 |CBOO35 |P1569-M1-10 [STO0Z25 2200 17.37 5.65 4.87 078
a0 5T0025 |010025 |CBO025 |P1569-M1-10 [STOO015 2200 1845 6.88 4. 96 1.82
a0 ST0015 |010015 |CBOO15 |P1569-M1-10 [STO005 2200 2129 912 6.07 3.058
100 |[STOO00S (010005 |CBOOOS |P1569-M2-17 22.00 9.80 10.75 10.75
W
< >
@mfo ReSort Copy Print... Delete Add MB Update OK
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