Example Network

In pavement drainage, artificial ridges and peaks are formed by cross slopes and vertical
curves. In Figures 4-2 and 4-3 below, each drainage basin is delineated by the crown of
the roadway to the top of ditch backslope and between each vertical curve crest. If the
discharges from both culverts join within a quarter mile, all four drainage basins would
combine to make one TDA, as indicated in Figure 4-2. If discharges remain separate for
at least a quarter mile downstream of the project site, drainage basins A1 and A2 combine
to make one TDA and drainage basins A3 and A4 combine to make a second TDA (See
Figure 4-2). The new, replaced, and existing impervious areas must be estimated for
each TDA. Minimum requirement thresholds for western Washington are applied to each
TDA. See Chapter 2 for Minimum Requirement applicability.
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Figure 4-2. Drainage Basin Areas / Threshold Discharge Areas (Plan)
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Example Network

Create a storm drain network and route flow through the network using the 25-year storm
to design the pipes. Do not change the pipe inverts and make sure the flow is not creating
a full flow conditions.

The section of roadway of concern is in a sag, see Figure 3. CB2 and CB6 are both 300
feet from the low point on the curve. The curve crest is 600 feet north of CB2 and the
600 feet south of CB6. See Figure 1 for the plan view layout. Assume the catch basins
are perfectly efficient in other words; all upstream gutter flow is intercepted. Assume
that all Schedule A pipe material may be used throughout the project with a Manning’s
“n” of 0.013. Use an entrance loss coefficient for Headwall of 0.5 for catch basins. Use a
Type-1 Catch Basin for all structures.

For the catch basin and pipe design use the following tables:

Catch | Outlet | Rim Pipe Length | Upstream Inv. | Slope
Basin | InvEL El P-001 36 332.5 1.39%
CBl | 3325 | 337.0 P-002 | 298 332.0 0.67%
CB2 | 3320 |337.0 P-003 | 36 3305 1.39%
CB3 | 330.0 | 336.0 P-004 | 298 3345 1.51%
CB4 | 3305 |336.0 P-005 | 36 334.8 0.83
CBS | 3348 | 3385 P-006 | 15 330.0 33.33%
CB6 | 3345 | 3385

dummy [ 325.0 | 330.0

Figure 1 — PLAN VIEW
1800 ft.

Figure 2 - CROSS SECTION
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Example Network
Define the drainage basins for each area contributing to one of the catch basins. Below is
the drainage basin contributing to catch basin 1 (CB1).

Basin Defimtion: B-001

Basin Data l Perv CH ] Perv TC ] Impere CH ] Impery TC ] Compute Design Event ]

Bazin ID - Mew Bazin

Select Rainfall Type: [TYPE1A | 2400h

Hydrograph ethod: |5E”-|H b ethod j Summary Data:

Hyd Interval fmin): |10 Pere TC: 000 min

Impers TC: 4.13 min
Area; 023440 ac

Peak Factor: [454

Tp Factor: |4

Basin Definition: B-001

Bazin Data ] Ferv CH | Perv TG Impery CH l Impers TC ] Compute Dezign Event ]

Description: Area [ac) CH
|CB fuea 0344 a8 Add

Description; Subdrea |lpdate
[ Delete

Abs Coeff: Toatal ; 0.3440 ac 98.00

B azin Definition: B-001

Bazin Data ] Perv CH ] Perv TC | Imperv CH  Impery TC ] Compute Design Event ]

Flows type Dezcrp: Len [ft] Slope [£] ns
|Shallow ¥ ] |gutter flow |600 1 |27
fgd | Updats Delete | TotalTC: 413 min
Twpe Descrip Len Slopel] k.f 1T
Sheet  sheet Flow 20,0000 2.00 0.0 0.4z

_______ 1.010 | 3.7

iShallow gutter Howy B QD

Repeat this for the other 5 Drainage basins, use this basin to create the new ones.



Example Network

Define a Node for each of the catch basins. The contributing area should be the

associated drainage basin that was just defined in the last step. The Northing and Easting
is optional and not necessary for this example since we will be defining the location using

the Layout View.

Mode Definition x

Mode Diata | t anhale/CE Durnmy I

Node 1D: cbT

j MHew Node |

Descrip: In::atn::h bazin

Ot E1 [f): |332.5

Rirn EI [ft]: |33?.EIEI1

Contrib Area: IE-EIEH

j Clear |

Contrib Hyd: I

j Clear |

Morth [ft): |0
Increm [ [0

Estran output aptior:

™ Prirk Extran Head
[ Plot Extran Head

East ID

o

3 YO TR Y Y Y

—Mode Type

kb A/CE A nlet
Wault

Trap Pond
IIndg Pipe
Stg-Sto
RLPool

Pipe Arch
Ellipze Pipe
Dy Hode

Mode Definition x

Mode Data  Manhole/CB/Durmmy |

Ent Ke IEMF‘: Headwall or Headwall & wingwall zq edge;. ke=0.5 j
Struct Clazzification Struct Tupe
|Catch Basin =] |CB-TYPE 1 =]

Catch Depth [ft): |1 A6

Battom Area [sf): |3.97

Channelization
i Mo zpecial shaping
™ Curved or deflectar

' Existing

|' Condition
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Example Network

A Dummy Node must be defined to represent the downstream end of the storm drain.
There is no actual node at the end of the outfall pipe, but StormSHED needs a node to
perform the calculations.

Xl
Mode Diata |
Node |D: |dummy2 | w' ~Mode Type———————
Descrip: IDDwnstream End " Mh/CE Anlet
 Wault
Start £ {1}, [325 Max EI (i) [330 -
" Trap Pond
Eer e e I j Clear | " Undg Fipe
" Stg-Sta
Contrib Hyd: hd Ll
| = il " ALPocl
Morth iftl: {0 East |0 ey
Increm [f]: {01 " Ellipze Pipe
£ Digrmy Mode
E stran output option:

[™ Print Extran Head
[ Plat Extran Head

Define the pipes using the Reach Definition; begin with the minimum allowed pipe
diameter (12”). When StromSHED routes flow through the pipe it will determine if a
larger pipe is necessary. Below is the pipe connecting CB1 to CB2.

Reach Definition Reach Definition
Summary | Ditch/=-Section Mannings Summary | Ditch/-Section Mannings
Froperties | Geometiy I Constraints Froperties Geometry | Carstraints
Fieach ID: |F-001 j Mew Bch Reach Shape: Circular
I _l  Specific Geometry
— Section Properties
: Length [f; [ ss1 [hlvl
Shape: IE"CL”E” j 3 [c
IF'I - J Slope [%Z]): 1"
taterial |"12EIC i 352 [hi1v)
: D | o
Size: |12II Diam j .

; pise ;[
Hydraulic Params by lm
Mannings 'n' I 0.03 ~ Entrance Losse:

Flouting Method ITraveI Time Translation j ISquare Edge wHeadnal j

. FH#, Chart Mo, 1
Contrib discharge I j
~Mode Data

e Up Mode; |cb »| _Clear |

ipze Orientation
[T Save routed Hyd D Mode: |b2 ~|  Clear |

% Harizorta]
1 erical UplE: |3325 DnlE: [332

ok Carncel el Help | Close I [Eatize] | Apply | Help |




Example Network

Now that the pipe and catch basin data has been entered, the storm drain layout can be
created. Click anywhere in the Layout View area with the right mouse button. From the
menu that appears, select Layout and then New Layout. Give the layout a name that
makes sense to you for the project. Then enter the 7 structures for this example (6 catch
basins and a dummy node) by clicking “Insert a Node” radio button on the tool bar and
then clicking anywhere in the Layout View area with the left mouse button to place the
structure. The structures do not have to be in their exact location , they can be moved
later. Every structure entered this way will be assigned “Prototype” which will be
changed.

Creating a new layout

\l_ﬂﬁﬁl ;lwl}{-)l}_:)l?/ Entout Mame
ICIaSS‘I

Layout Menu M| Mew Lapout Layout 1
~ _ DOpenLayout
Save Layout
Edit Deserip
Clear Layout

Compute
Zern Diameters
Refresh

D escription of Layout:

Reach Label b ]
Node Connectiors »

rnews project

Toggles / Buttans  »

Byt sify
Cycle phases
Repart D Eer I Delete I
Screen Captue
- Create I Close I

Insert a Node
=0+ lesls|=lelz |

PROTOTYPE PROTOTYPE PROTOTYPE
PROTOTYPE PROTOTYPE
PROTOTYPE Dﬂ Dﬁ
PROTOTYPE
Lavout kM enu » I:!

Compute
Zero Diameters
Fefrezsh

Fieach Label

Mode Connections

Toggles A Buttan=s
Autah erify

Cocle phazes
Report

Scresn Caoture
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Example Network

After all 7 structures are entered, toggle off the “Insert a Node” radio button. It is now
time to assign names to each of the catch basins. Using the right mouse button, click on a
node. The select Quick Edit. The node will default to Prototype, change this to the
appropriate catch basin name.

cbhl PROTOTYPE
o Y

|
Reach not ?et defined!
PROTOTYPE

ch2
I E_a_l;_l‘l_[ll:lt_yﬂde.ﬂﬁ@p Qluick Edit

Set T Elew

Reach not E:t
Delete

PROTO B oundary

e}
H

Do this for all of the nodes, including the Dummy Node at the outlet of the storm drain
system.

Then toggle on the “Insert a Reach” radio button. The pipes must be entered from the
upstream node to the downstream node. Click at the most upstream node and click on the
next downstream node, following the flow path.

Insert a Reach
=T eelsls|elel7 |

Layout b enu (3

Compute
Zera Diameters

PROTOTYPE PROTOTYPE Refresh
|2I |m| Reach Label
s Mode Connections

L
Feach not et defined! Toggles # Buttons  »

Degn O

S — PROTOTYPE Sulisttenlis ope
_a_g:l-n_gnt_y_eldzflaaﬂt g—"":le ?hases Length
eporl

Lp Area
Screen Capture 2

Reach not ct defined!

PROTOTYPE

v
H

To end the pipe run, toggle off “Insert a Reach” and then toggle it back to start the new
flow path. This will start a new pipe run, so once again, click on the most upstream node
that does not have a pipe and move downstream until you reach the most downstream
node.

After all the pipes have been created, turn off the create pipe button on the tool bar. Then
using the left mouse button, click and hold to drag the nodes to where they should be.
This is a schematic view and not to scale; however, it is important that the angles
between the pipes is accurately represented since StormSHED will use these angles to
calculate headloss of flow through the system.
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Example Network

Once the pipes have been drawn, they now have to be defined. Using the Left mouse
button, double click on a pipe and select the appropriate pipe and hit Apply. This
changes the name from “Reach not yet defined” to the appropriate pipe name.

Project Reach Records |
chbl
EL Summary I DitchA<-Section Mannings
- Properties | Geametry I Caonstraints
I
pi-l Beach |D: |tk Mew Rch |
ch? — Section Properties
HHEH Shape: IEirn::uIar

b aterial IE-:urr ketal - narmal

Gize: | 12" Diam

Lef Lef Lef e

Hydraulic Params by IManningg

b annings 'n' I 0.024

Fiouting tethad ITraveI Timne Tranzlation j
Cortrib discharge I j

Using the right mouse button, you get the following menu. It identifies the pipe, but it
won’t let you choose the reach id. This is an information only command.

ch1 ch4 CL)
Quick Edit Rch P-005 = (.
i
Rch|d: JF-008 [ |
Length [ft): Slope %: 'j,']E
36 062939 '
| | cbb
Up IE (ft): Dn IE [ft):
|334.79338 |334.501 @
Estran Output - -
[ Piint Flows
[ Plot Flaves
[ Plot up/dn floves Cancel |
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Example Network

Now the network is completely entered and ready for analysis. Using the right mouse
button, click anywhere in the Layout View area that is blank. From the pop-up menu
select the Compute option.

(TN - -

Ie)
ful H
& H

P-01 AL P-a0s
cb ch ch
o P-0n2 ) P-00n4 [
Al i L
P-(H16
d
urpmy Lapout Menu L4 |
'
Compute
Zera Diam
Refresh
Feach Label L

L

Mode Connections

v

Toggles # Buttons
LauboiSerify

Cucle phazes
Report

Screen Capture

Enter the design storm you want to compute and route the storm through the system.

R oute Instructions [ x| |

— Conduit/Channel B outing
Route Hedrograph:
through lapaut: ILE}'DUt 1 j
[ 20 Starting Hydrograph
Drezign Evvent; Im j
R airfall Type: |TYPEm =]
[T Use actual coordinates
— Comments
Route [Eamee] | Clogze |
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Example Network

The results of the analysis will be written to the History View area. The results of any
specific pipe can also be viewed by double clicking on the pipe and going to the
Summary tab.

The History Summary for the 25 year event is what is seen below. Two things to look at
when reviewing the results, first you want to make sure your pipes are not flowing full
and second the velocity must be above 3fps for full flow to avoid siltation. Additionally ,
if a Hydraulic Grade Line is required due to high velocities (>6ft/s) or shallow cover, the
designer should verify that the HW Elevation is less than Rim Elevation.

History Summary 25yr event

Reach Area Flow FullQ % Full nDepth Size nVel fVel CBasin / Hyd

----- ac cfs cfs ratio ft ft/s ft/s e

P-001 0.3440 0.2723 4.2118 0.06 0.1723 12" Diam 3.0166 5.3626 B-001

P-002 0.6880 0.5571 2.9241 0.19 0.2958 12" Diam 2.8672 3.7231 B-003

P-005 0.3440 0.2723 3.2546 0.08 0.1956 12" Diam 2.5147 4.1439 B-005

P-004 0.6880 0.5446 4.3753 0.12 0.2382 12" Diam 3.7971 5.5708 B-006

P-003 0.3440 0.2848 4.2118 0.07 0.1761 12" Diam 3.0562 5.3626 B-004

P-006 2.0640 1.6713 20.6242 0.08 0.1925 12" Diam 15.7864 26.2595 B-003

---------- Rch App Bend Junct HW Max El/

—————————— Loss Head Loss Loss Elev Rim El

From Node To Node ft ft ft ft ft ft
dummy 325.5493

cb3 dummy 330.6491 0.2239 0.0665 0.1574 330.6491 336.0000

cbh2 cbh3 332.4236 0.1413 0.1881 - 332.4704 337.0000

cbl ch2 332.7841 - e e 332.7841 337.0010

cb6 cb3 334.9142 0.0982 0.1303 - 334.9463 338.5000

cb5 cbh6 335.0869 - e e 335.0869 338.5000

cbh4 ch3 330.7911 - e e 330.7911 336.0000

To make your hydraulic report complete, you will also need to provide the basin, reach
and node information. To record this information to the History View, you must first
verify RTF editor of your computer is set to the correct path.
e Click on the RMB in the white space of the Tree View.
e Click on Options, Program Configuration Tab.
e The RTF wordprocessor should be set to c:\program files\Microsoft
office\office\winword.exe.
e Once this is set, click on the RMB in the Layout View.
e Click on Report Tab. A temp.rtf word document will appear on the Active
Window Bar at the bottom of the screen.

Seattle-/-Tacoma-Area-Example-Problemf|

1
Project-Precipst

[2-y1] " 2.00n
[5-y1] - 0.00-inY
[10-y1] - 2.80in]
[25-y1] e 3.40n
(100-y1] 5 4.00n]
[Other] - 0.00-iny
T
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