Example Basin

This portion of Storm Shed training will demonstrate how to: create a new file, drainage
area options (precipitation values), calculate the short duration storm MRI and create
basins.

Example Problem

The basin we will be using today has the following description: A new two-lane roadway
section is to be constructed near Spokane. Spokane is located in Climatic Region 3 with
a MAP of 18 inches. The existing site conditions are approximately 1800 feet in length
and 50 feet wide all forest. The SCS soil type for the entire project is Type C and the
ground cover is primarily forest in fair conditions. The average slope of the ground
before the construction is 1%. The calculated time of concentration should be assumed
that for the forested condition will be 50 feet of sheet flow with the remainder 1750 feet
being shallow concentrated flow. The proposed conditions for the new impervious
roadway will be slightly elevated and will utilize curb and gutter to control the flow. The
developed site will have a sag in the profile. Using the plan, cross section, and profile
view below for the proposed layout. Develop the before and after basin conditions.

PLAN VIEW
Figure 1
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CROSS SECTION
Figure 2
5ft 40 ft 5ft
1% 2% CL - 1%
PROFILE
Figure 3
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Creating a New File

The first thing that needs to be done when starting StormSHED is to create a new project.
Click on the new project icon (blank piece of paper) then use the Save As command in
the File menu to give it a unique name.
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Set Project Defaults
Next set the project defaults. Click with the right mouse button in a blank part of the

Tree Menu.

=% classEast - StormSHEL

File Edit “iew Daka He
D =& %=
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¢ Basins
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Depth TS
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Click Options with the left mouse button and the following menu will pop up.

Drainage Area Options ﬂ

Select Hiztoy File Commands1 I Add/Remove Conduit Defaults I
Hyd Options | Default Labels I Extran Run Control I Frogram Configuration
— Project Precipitation Values Display Linits
Descrip Precip (i ¢ 1.5, Custamary Units
5.1, Metric Units

Precip 1 |2 fal I'J'E-I

Precip 2 IE}" ID

Precipz |10 ¥ - 3hour [0.75

Precip4 |25 - 3 hour [EE

Precip b |1DDyr ID

Precipg [Smonth-3hour  {0.34

Heading 1: ISpokane Area Example Problem

Heading 2: I

Heading 3: I

0k I Cancel | Spply | Help |

The first “options” screen we see is “Hyd Options” where the precipitation for a specific
location and design storm is set. This screen also lets us chose metric or English units.
Before inputting the values above, the Short Duration Storm section will further discuss
how the values above were computed.
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Next we will set the Default Labels. Click on the Default Labels tab to open the screen
shown below. This screen allows the designer to customize labels for new pipes, ditches,
ponds, catch basins, etc. While it is often convenient to use the auto labels, be sure to
check the “Enable Auto-Verification of Labels” box. This will allow the designer to
override the StormSHED’ auto labels and instead create a label that is more meaningful
to the project. When finished, click on OK to return to the main screen.

Drainage Area Options
Select Hiztory File Commands1 i Add/Remowve Conduit Defaults
Hyd Options Default Labels i E xtran Fun Control I Program Configuration

— Create Labels Bazed on: -

et Prefix Index Suffi= :

Inde= Inersment String FPadding String Example:
Conduits |1 f1 P E | P-001
Nodes |1 1 {N- |2 | N-O0
O N oo -
Prgnaae 1 [ |B- 3 | B-001

¥ Enable Autoerification of Labels
Lastly, we will review how to edit the default pipe sizes. Select ‘Add/Remove Conduit
Defaults’ and the screen below will appear. If a unique pipe size will be used on a
project, it can be added here. Input the description, inside pipe diameter and then click on
add.

x
Hyd Optiohs I Default Labels I Estran Bun Control | Frogram Configuration |
Select History File Commands1 Add/Remove Conduit D efaults
Conduit Descriptiarn
3 D2500F a D escription:
" Driam (ERSTHIN N —— I
2" Diam 0.6BET It
12" Diiam 1.0000 f .
15" Diam 1.2500 f Diameter:
18" Diam 1.6000 ID
21" Diam 1.7500 1 f
24" Diam 20000
27" Diam 225001
30" Diam 250001
= oem < oo fdd | Delete
42" Diam 26000
48" Diiam 40000
54" Diam 450001
B0 Criam B.O000 f
BE" Diam 58000
72" Diiam Boooof
78" Diam B.5000
84" Diiam 70000
30" Diamn 75000 LI

The ‘Program Configuration’ will be reviewed in the ‘Example Network’ example.
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Short Duration Storm

The precipitation values for conveyance design (structures, ditches and bioswales) are
based on the Short Duration Storm in Eastern Washington. The precipitation values are
determined from the following steps.

1. Determine the 2-year 2-hour precipitation from the Eastern Isopluvial Maps using
Appendix 4A in the 2004 HRM.

2. Using the climatic region descriptions in section 4D-2 the Highway Runoff
Manual, determine the climatic region for a given area. Climatic regions are also
shown on the MAP maps, the location is further discussed in step 3.

3. Find the MAP using the web link in Appendix 4A of the Highway Runoff
Manual. The links will go to the HQ Hydraulics Web Page. Select Eastern
Washington Isopluvials and Mean Annual Precipitation Maps, the MAP’s are
located toward the back.

4. Given the MAP and the climatic region, locate the Csys from the table below,
which can also be found in the last section of Appendix 4D.

5. Next, using the 2 year 2 hour precipitation from step 1 and the Cgys from step 4,
determine the applicable 3 hour storm using the equation below.

Psdas = Csds (PZyrZhr)

Where:

Psgs - the 3-hour precipitation (inches) for a selected return period for
the short-duration storm.

Css - acoefficient from Table 4D-12 for computing the 3-hour
precipitation for a selected return period based on the 2-year 2-
hour precipitation.

Poyronr - 1S the 2-year, 2-hour precipitation in Appendix 4A.

Table 4D-12. Precipitation for selected return periods (C.4.).

Mean
Annual
[Precipitation
Region # (in.) 6-Konth | 1-Year 2-Tear | 10-Year | 25-Year | 50-Year | 100-Year

f-2 0.63 0.84 1.06 1.73 2.30 2.84 3.49
g-10 0.66 0.85 1.06 1.70 24.22 2.70 3.28
2 10-12 0.62 0.8 1.06 1.65 24.14 2.59 3.10
43 12-16 0.70 0.87 1.06 1.60 2.01 2.40 2.82
3 16-22 0.71 0.82 1.06 1.56 1.93 2.26 2.63
22-38 0.73 0.89 1.06 1.52 1.84 2.13 2.45
22-40 0.74 0.20 1.06 1.48 1.78 2.04 24.32
40-60 0.76 0.91 1.06 1.44 1.71 1.93 2.17
1, 4 f60-120 0.78 0.52 1.06 1.41 1.64 1.84 2.05

**Note — Table 4D-12 above has been modified from the table in the 2004 Highway Runoff Manual. The
fall version of the HRM will reflect the changes above. For the process described in this course, use the
table above.
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For example:
This example is set in Spokane.

1. From the Isopluvial Map, the 2 year 2 hour storm was found to be 0.48” for, see

below.
Eastern Washington
Stormwater Manual
WKl Fals Pend
v Oreille
Stevens
o 2-Year 2-Hour Isopluvial Map
Hevepar!
o st Isopluvials of 2-Year 2-Hour
Q | Precipitation in Tenths of an Inch
g ;lgﬁfg. Spoiane
“ B Msgics) Laks
® Changy
QSpnkana
Tekoam
(akieadss b

2. Spokane is located in climatic region 3 as shown on the map below and described
in the Highway Runoff Manual Appendix 4D-2. (Both the NC and SC are located
in are located in climatic regions 1 and 2.)

The MAP for Spokane is 18", which is also shown on the map below.

4. Given the MAP of 18 and climatic region 3, the Cg4s= 0.71 for the 6 month
duration.

5. Lastly, convert the 6month 2 hour to the 3 hour duration for the 6 month MRI, as
shown below. Repeat set 5 for the 1, 2, 5, 10, 25, 50 and 100 year duration, for
this course we will only need the 6 month, 2, 10 and 25 year MRI.

P =0.71x0.48"= 0.34"

w

6mon3hr

I:)zyr?:hr =1.06x.48"=0.51"
Pioyrane =1.56x.48"=0.75"
I325yr3hr =1.93x.48"=0.93"
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The precipitation values for this project are shown below. It’s important not to over
ride Precip 1 (2 yr), the first value under the description that is circled below. It will not

compute if the description is changed.
x|

Select History File Commands | Add/Remove Conduit Defaults I

Hypd Options D efault Labels I Extran Run Control I Program Configuration
— Project Precipitation " alues fisafben (Uil
D escrip Precip (in) = L.5. Customary Units
S Metric Units
Precip 1 {lg_-"l[—'} ID'E-I
Precip 2 |5 Eal ID
Precipa 110 2r-3hr [o.7s
Precip4 125 wr-3hr |[FEEE]
Precip 5 |1 00 pr ID
Precip 6 I5manth-3hr 034
Heading 1: Spokane Example Problemm
Heading 2:
Heading 3: I

Ok I Cancel I Lpply I Help I

Create Basins
First, you want to define the Before drainage basin site conditions.

Basin Definition: Before

Bazin Data I Pere M I FPere TC I Impery CH I Impery TC I Compute Design Event I

Bazin 1D IEefDre

;I Mews Bazin |

Select R ainfall Type: IShu:urt

~| zo0h

Hydrograph kethod: ISEUH b ethod

Huyd Intereal [min; |5

Peak Factor: [454

Tp Factar: |4

=l

Surnmary Data:

Pers TC: 1691 min
Impery TC: 0.00 min

Ares 25000 ac

The basin rainfall type for conveyance design is the Short Duration 3hr storm for Eastern
Washington. The hydrograph method can be either the SBUH or SCS Method, however;
the hydrograph interval time needs to be changed to 5 minutes instead of the 10 minute
default. This is due to the duration of the high intensity portion of the storm, which may
last from 5 to 30 minutes with a total duration typically ranging less than an hour to

several hours.
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x
Basin Data Perv CH I Perv TC | Impery CH I Impery TC I Compute Deszign Event I
Dezcription: Area [ac) CH
ID |n Add
Drezcription: Subhrea CM
Before Congtruction 20680 7E.00
[elete |
Absz Coeff: IU-2 Total : 20660 ac 76.00
QK | Cancel | Spply | Help |

The Perv CN tab is where the pervious drainage basin area (DBA) is defined for both
total area in acres and the Curve Number (CN). The CN value is derived from the TR55
Curve Number table in Appendix 4B of the 2004 HRM, as shown on the next page. Note
there are CN tables for both eastern and western Washington, be sure to applicable table

for your project.
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Table 48-3. Runodl curve numbers for selected agriculiural, suburban and mral areas
(castern Washington),

O for hydrologic seil groap

Cover type and hydroligic condition A, H L ]

(kpen Space {lawns, parks, golf courses, censeteries, landscaping, cbe.): |

Poor conditvon {grass cover <50%% ol e area) 68 o 26 BG
Faar comdition {gmss cover om 500 to 75% of the anea) 49 a9 ™ B4
Cipod condilvon {grass cover om o 75% ol the anea) k] il T4 B
Impervinus Arens:

Open water bodiess [akes, wetlands, ponds eto. 100 (L] 1061 Loy
Panvpd parkiee lobs, moals, drveways, gl (excluding nght-ol-way | ] 95 o8 T8
Farous Pavers aml Permeable Interlocking Conorete (nssumed as B5%% impervioas amd 15% Townj:

Faar lawn comdiion (weghled average TRs) W5 96 o7 97
Dirovel (including right-ol-way | Ti 23 1l |
hrd | incluchimes nghi-alb-wry ) T2 21 =T B
Pazrure, Grassland, or Ranpe-Continueus Forage for Gorasing:

Popr conditvon {ground cover <50% or hemeily greoed with noomalch) 8 TS B B
Farr comditton {ground cover 50%4 10 75% and ned heavaly gruzed ) 49 [ ™ Bd
Good condrivon {ground cover >75% and Lighily or omly cccomoeally grnsed) i al T4 1]
Cualtvoted Agricaltural Lands:

Row Crops (good pe.g. com, sugar beets, soy beans il 75 B2 B3
Small Gman (good) e.g. wheal, barley, flax il T2 Ril Rd
Meadow (ocontinuous grass, protected from grazing and ::-meriﬂ.t' mow ] e iy o 5B 7 T8 |
Erush { brush-weed -grass misture with hrash the major elementl

Popr (=50%s ground cover) 45 a7 77 B3
Faar {507 o T5% grousd cover) 35\ S 0 T
Good (- T5% ground cover) o 41 65 73
Wiopds - grass combination {orchord or tree Farm 37

Paor 57 73 B2 Bt
Faar 43 [ Ta B2
Cipaod iz 58 T2 I

Defining the Time of Concentration (TC) is the next step for the pervious surface.

Basin Definition: Before x|

B asin Data I Pere CM  Ferv TC | Impery CM I Impery TC I Compute Design Event I

Flowy type Dezcrip: Len [ft] Slope [£]  Kf
[shest =] | |o |o |0
| =

dd Update Delete | Total TC: 9310 min
Twpe  Descrip Len Slope() kf TT
Sheet  Sheet Hlow at top of bagin B0.0000 1.00 0.4000 407651
Shallow Shallow flow to bottorn of basin 1750.0000 1.00 h.0000 583333
k. Cancel Smply Help
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Each flow path must be defined in the basin. For this example we were told we had 50ft
for sheet flow on a 1% and the land cover type is a fair forest condition. Thus when
defining the Kf value for the sheet flow, select wood or forest with light under brush,
with the pull down arrow. The second type of pervious flow is shallow for a length of
1750ft at a 1% slope. Select brushy ground with some trees for the ns value.

Since the before conditions of this basin do not have impervious surface, there next two

Imperv tabs should be blank. The last tab, Compute Design Event, will quickly compute
a flow rate and volume based on the pervious basin characteristics.

Basin Definition: Befcre x|

B azin Data I Pery I:NI Pery TC I Impers CH I Impery TC Compute Design Event |

Select Design Event: I25 pr-Shr j Cornpute I

— Computational Bezults for this event:

Peak Flow Rate  0.0158 cfs
Feak Tirre [hrs] 80,0000 min - 3.0000 hr
Peak wolume 19249070 of - 0.0044 acft

0k, | Cancel | Bl Help

Now, input the After drainage basin site conditions that were defined back on page 11
(impervious roadway with curb and gutters). Again, first click on the New Basin Radio
button, to create a new basin and then name it After.

16
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Basin Definition: After x|

Basin Data | Perv CN | Perv TC | Impery CM | Impery TC | Compute Design Event |

Bazin D MHew Bazin |

Select Rainfall Type: [Short | 300k

Hydrograph M ethod: ISBUH M ethod j Summary Data

Hyd Interval (min: |5 Perv TC: 9910 min

Peak Factor  |454 Impery TC: 0.00 min

Tp Factar; |4 Area: 20660 ac

| ] 4 I Cancel | Apply Help

The basin rainfall type for conveyance design is the Short Duration 3hr storm for Eastern
Washington. The hydrograph method can be either the SBUH or SCS Method, however;
the hydrograph interval time needs to be changed to Sminutes instead of 10 minute
default. The change is due to the duration of the high intensity portion of the storm may
last from 5minutes to 30 minutes with a total duration typically ranging less than an hour
to several hours.

x
Easin Data I Pers CH I Pere TC  Impery CH | Impers TC I Compute Design Event I Remember to go
through each tab and
Description: Areafac)  CM delete the Perv Calc.,
| |0 |o 0 since the After basin
o does not have any
Description: subfrea  CH Updsts | pervious surface.
Paved Basin Area 20660 95.00
Delete | The CI\_I value for
impervious surface
will always be 98.
&b Coeff: Total 20660 ac 05 00

Defining the Time of Concentration (TC) is the following step for the impervious surface.
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Basin Definition: After x|

Bazin Data | Perv CH I Pery TC I Impery CH Impery TC | Compute Deszsign Event I

Flow type Dezcrip: Ler [ft] Slope [%]  Kf
|shest =] | o o o
Update Delete | Tatal TC: B.39 min

Tope  Descrip Len Slope(] kf TT
Sheet  Centerling to gutter 2000000 200 000 0.83vs
Shallow Gutter flow along curb 00,0000 1.00 27.0000 55556

Each flow path must be defined in the impervious basin. For this example we were told
we had 20ft for sheet flow on a 2% and the land cover type is a paved condition. Thus
when defining the Kf value for the sheet flow, we will select is a smooth surfaces, with
the pull down arrow. The second type of flow we have on the pervious site is shallow
for a length of 900ft on a 1% slope and we will select, paved and gravel areas as the ns
value.

The last tab, Compute Design Event, will quickly compute a flow rate and volume based
on the impervious basin.

Basin Definition: After x|

Bazin Datal Pery CM I Pery TEl Impery CH I Impers TG~ Compute Design Event |

Select Dezsign Event: I25 yr-3hr j

— Computational Besults far thiz event:

Peak Flow Rate 34261 cfs
Peak Time [hrs] 50,0000 mir - 1.0000 hr
Peak Wolume 5422 3507 of - 0.1245 acft

Once information for each basin is entered, the designer will need to provide this
information in the hydraulic report. The designer can send this information to the History
View and then copy it into the hydraulic report word document. This can be done by
clicking on the RMB on each basin and clicking on the To History option with your left
mouse button. A dialog box asking which design event you want will appear.

18
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g East
= Basins
After

------ E-001

______ PR DpeEn
EEI---:',- . Dischare Mew
{{" Hydrogr  Rename
- Layouts To Hiskory
EEI---‘E MNodes Delete
-z Reaches

Precip Evenkts

OO0

— Select Design Events
2

B owr

A0 wr-3hr
25 wr-3hr
100 pr
Ermonth-3

o1

Cancel I

Check the design event you would like a report on and the record will be copied into the
History View. These steps need to be repeated for each additional design event desired.
The following information should appear in the project History View.

Before Event Summary:

BasinID Peak Q Peak T
——————— (cfs) (hrs)
Before 0.00 3.00
Before 0.02 3.00

Drainage Area: Before

Hyd Method:  SBUH Hyd
Peak Factor:  484.00
Storm Dur: 3.00 hrs
Area
Pervious 2.0660 ac
Impervious 0.0000 ac
Total 2.0660 ac

Supporting Data:
Pervious CN Data:
Before Construction
Pervious TC Data:
Flow type: Description:
Sheet
Shallow

After Event Summary:

BasinID Peak Q Peak T
——————— (cfs) (hrs)
After 2.63 1.00
After 3.43 1.00

Peak Vol
(ac-ft)
0.0007
0.0044

CN
76.00
0.00

76.00

Sheet flow at top of basin
Shallow flow to bottom of basin

Peak Vol
(ac-ft)
0.0948
0.1245

Area

ac
2.07
2.07

Loss Method:

SCS Abs:
Intv:

TC

1.65 hrs
0.00 hrs

2.0660 ac

Length:
50.00 ft
1750.00 ft

Area

ac
2.07
2.07

19

Method Raintype
/Loss
SBUH/SCS Short
SBUH/SCS Short
SCS CN Number
0.20
5.00 min
Slope: Coeff:
1.00% 0.4000
1.00% 5.0000
Method Raintype
/Loss
SBUH/SCS Short
SBUH/SCS Short

Event

10yr-3hr
25yr-3hr

Travel Time
40.77 min
58.33 min

Event

10yr-3hr
25yr-3hr
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Drainage Area: After
Hyd Method:  SBUH Hyd
Peak Factor:  484.00
Storm Dur: 3.00 hrs
Area
Pervious 0.0000 ac
Impervious 2.0660 ac
Total 2.0660 ac
Supporting Data:
Impervious CN Data:
Paved Basin Area
Impervious TC Data:
Flow type: Description:

Sheet Centerline to gutter

CN
76.00
98.00

98.00

Shallow Gutter flow along curb

Loss Method: SCS CN Number
SCS Abs: 0.20

Intv: 5.00 min

TC

0.00 hrs

0.11 hrs

2.0660 ac
Length: Slope: Coeff:

20.00 ft 2.00% 0.0110
900.00ft  1.00% 27.0000

20

Travel Time
0.84 min
5.56 min
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