Example Biofiltration Swale

Introduction to Biofiltration Swales

A Biofiltration Swale is a BMP that uses vegetation (typically grass) to provide basic
treatment of stormwater runoff. In areas where the ADT exceeds 30,000 and discharges
to a non-exempt surface water body enhanced treatment is required, see the Highway
Runoff Manual (HRM) Table 2-1. Biofiltration Swales are sloped, vegetative channels or
ditches that provide both conveyance and runoff treatment to stormwater runoff.
Bioswales do not provide stormwater flow control, but can convey runoff to BMP’s
designed for that purpose. There are two methods for sizing Bioswales in this tutorial; the
first can be used in both eastern and western Washington and the second can only be used
in eastern Washington. The first section of this tutorial applies to both sides of the state
and will first focus on using hand calculations to size a swale (with some StormShed) and
the second half will repeat the steps using StormShed. The second section will only apply
to eastern Washington (it is the same method that appeared in the 1997 HRM) and will
only use StormShed to size the swale.

Eastern and Western Washington

Biofiltration Swale Sizing Criteria

Biofiltration Swales shall be designed following the guidelines outlined in Section RT.04
of the HRM, Table RT.04.2 summarized the sizing criteria. This section will focus on
Basic Biofiltration Swales, shown in the 2" column of the table below. In addition to the
criteria below, bioswales are sized based on flow rate and using the short duration storm
as described in the Storm Shed Beginning Course.

Table RT.04.2. Biofiltration swale sizing criteria.
Design Basic Biofiltration Continuous Inflow
Parameter Swale Wet Biofiltration Swale | Biofiltration Swale

Longitudinal slope

0.015-0.050" feet per foot

0.015 feet per foot or less

Same as basic swale

Maximum velocity

1 foot per second at Qyiofil

Same as basic swale

Same as basic swale

Maximum water depth
at Quiofil, ¥

2 inches if swale mowed

frequently; 4 inches if mowed
infrequently or inconsistently.
For dryland grasses in eastern

Washington, set depth to 3 inches.

4 inches

Same as basic swale

Manning coefficient at

Qbioﬁl

See Table RT.04.1

Same as basic swale

Same as basic swale

Bed width

2-10 feet?

2-25 feet

Same as basic swale

Freeboard height

1 foot for the peak conveyance
flow rate (Qeonve)”

Same as basic swale

Same as basic swale

Minimum length

100 feet

Same as basic swale

Same as basic swale

Maximum side slope
(for trapezoidal cross-
section)*

3H:1V

Same as basic swale

Same as basic swale

! For basic biofiltration swale on slopes less than 1.5 percent, install an underdrain system. Underdrain backfill should
be covered by at least 4 inches of amended soil or topsoil. For slopes greater than 5 percent, install energy dissipaters.

2 Multiple parallel swales can be constructed when the calculated swale bottom width exceeds 10 feet.

3 Qconvey should be based on the design flow rate of the conveyance system downstream of the biofiltration swale. In
general, this is the peak Q,s.year-

4 From swale bed to top of water surface at Qpiof-
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Biofiltration Swale Sample Problem Description

A new highway near the city of Spokane is being constructed that will add 58’x 2500’
(3.33 acres) of roadway, all superelevated at a 2% cross slope toward the outside
shoulder with a continuous 3% profile. It has been decided that a trapezoidal biofiltration
swale will be constructed to provide runoff treatment and convey the stormwater to a
downstream pond. In addition to the roadway runoff, there is also 2.87 acres of
pervious area within WSDOT Right of Way side slopes contributing to the swale
including the swale. The SCS soil type is Type C and the ground cover is primarily
forest in fair conditions. The average slope of the ground is 1%. The calculated time of
concentration should be assumed that for the forested condition will be 50 feet of sheet
flow and 2450 feet of shallow concentrated flow.
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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.

o= classEast.wwk - StormSHED "

File Edit Wiew Data Help Disclaimer B
CErl+-M 1
Open... Chrlecr b Should yau uge this program, wou should know that we have tied bo
Close | eliminate all known erars in the prograrn, but some ‘bugs'
undoubtedly =hll exist. Please be aware that final responsibility bor
Save Chrl+5 ] . ;
interpretation and use of the output must rest with the uzer, 'We can
Save As.. assume no respansibiity for mode! performance or for decisions
— P made on the basiz of the model.
Brint Ereview ' ater/orksHIMS (tm) is sold 'as is' without any wananities
Prink Setup. .. whatsoever, Because of the diversity of design conditions for which
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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& &=

| =0 E=ls]=

_yy, Discharge
+ {P Hwdrographs
- Lawouts

Pond Design
Route Hwd
Dpkions
Depth TS
Impork PG
Fun Macro

Click Options with the left mouse button and the following menu will pop up. The values
below are for the short duration storm in Spokane. For further explanation see the
Beginning StormShed Tutorial.

Drainage Area Options ﬂ

Select Higtory File Commands1 I Add/Remove Conduit D efaults
Hyd Options | Default Labels I E stran Run Control I Program Configuration
— Project Precipitation Yalues Display Units
Descrip Precip fin] % 1.5, Custamary Units
751, Metric Urits

Frecip 1 |2 el ID'51

Frecip 2 IEL’" ID

Precip3 |10 -3 hour |0.75

Precipd |25 -3 hour [EE

Precip 5 |1D|:|_',JI ID

Precipg |5 month-3houwr 034

Heading 1: ISpDkane Area Example Problem

Heading 2: I
Heading 3: I

ak I Cancel Lpply Help
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Next, using the steps outlined in the 2004 HRM section RT.04 we will size our swale.

1. Determine the runoff treatment design flow rate (Quq), that is the runoff
contributing to the bioswale. After completing steps 1-4, we will use
StormShed to define the DBA for the bioswale and calculate the Q.

2. Determine the biofiltration design flow rate (Qpiofil)
For eastern Washington:
k=1.0
Qbiofit = kQuwq
Qbviofil = qu

3. Verify the longitudinal slope of the proposed biofiltration swale is within the
design parameters (see Table RT.04.1 for criteria). For this example, the
longitudinal slope is 3% or s = 0.03 which is within the 1.5%-5% design
parameters.

4. Next select a soil and vegetation cover suitable for the biofiltration swale
using Table RT.04.1 below. For this example the manning’s coefficient is n =
0.20 or Grass-legume mix on compacted native soil.

Table RT.04.1. Flow resistance coefficient in basic, wet, and continuous inflow
biofiltration swales.

Soil and Cover Manning's Coefficient
Grass-legume mix on compacted native soil 0.20
Grass-legume mix on lightly compacted, compost-amended' soil 0.22
Grass-legume mix on lightly compacted, compost-amended' soil with surface 0.35
roughness features’

! For information on compost-amended soils, refer to Appendix 5A, Section A-2. Note that swales do not require a
mulch layer and that compost amendments are incorporated into the soil.

2 Acceptable surface roughness features are wattle check dams (Std. Spec. 8-01.3(6)D), gravel filter berms (Std. Spec.
8-01.3(9)B), or compost berms (Std. Plan I-14). These features must be placed every 50 feet (or closer) and should not
exceed 1.5 feet in height above finished swale bottom. These features must not be used in place of level spreaders or
energy dissipaters.
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Next, we will create a basin. In the tree view, click on the basin plus symbol using the
Left Mouse Button. Then double click on the prototype and select new basin and type
bioswale and input the data shown below. Note the interval is changed from 10 minutes
to 5 as shown below.

Basin Definition: bioswale |

Basin Data | Perv CH I Perv TCI Impery CH I Impery Tl:l Compute Design Eventl

Bazin IDIbiDswaIe ﬂ Mew Bazin I
Select Rainfall Type: IShnrt 'l 2.00 kr

Hydrograph tethod: ISEUH tethod v|
Summary D ata:

Hyd Interal [min): Ferv TC: 122,43 min

Peak Factor: |484 Impery TC: 1.95 min
|4

Tp Factar: Area B.2000 ac

QK | Cancel | Spply Help |

Define the pervious surface side slope area.
Basin Definition: ditch x|

Basin Data Perv CH | Pem TC I Impery CH I Impery TC I Compute Degign Event I

Description: Area [ac] CH
Sideslope area |2.BT-" IT-"E Add

CH
76.00

Description: Update

Delete

ik

Abg Coeff: IEI.2 Total : 28700 ac 76.00

0k I Cancel | Apply | Help |

Define the flow path for the pervious side slope area.
Basin Definition: ditch x|

Bazin Data I Perv CH Perv TC | Irnpery CH I Impere TC I Campute Design Event I

Flaw type Drezcrip: Len [f] Slope (%] Kf
ISheet j Isheet flene &t tap af basin IED |1 IEI.4
Add I |Jpdate Delete | Tatal TC:  122.43 min
Type  Descrp Len Slope(%] Kf TT

Sheet sheet flow at tap of bazin 1.00 04000 407651

Shallow shallow flow to ditch 24500000 1.00 5.0000 91.6667

Q. I Cancel | Lpply I Help
6
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Define the impervious basin area (roadway draining toward the ditch)
Basin Definition: ditch x|

Bazin Data I Perv CH I Pere TC  Impery CH | |mpery TC I Compute Design Event I

Description: Area [ac) CH
Ipa\-'ed hasin area |3.33 IElE Add
Description; Subdrea CH

|Jpdate

aved basin area ] 92.00

Delete

i

Abs Coeff: Total : 3.3300 ac 92.00

Define the flow path along the roadway and in the ditch.

Basin Definition: bioswale x|

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

Flow type Descrip: Len [ft] Slope (%] Kf
ISheet j Ifn:nm roadway IEB |2 ID.EI'I'I
4dd | Update Delete | Totel TC: 118 min
Type  Descrip Len Slopel] kf 1T
Sheet  from roadway 58 2.00 00110 1.1848

Finally compute the 6 month 3 hour MRI and the 25 year 3 hour MRI. While bioswales
are designed for the 6 month 3 hour MRI, the 25 year 3 hour should be run through the

ditch to determine the freeboard depth of the swale. The HRM requires a foot of free
board above the 25 year Q.

Basin Definition: bioswale x|

Basin Datal Pery CH I Pery TEI Impery CH I Impers TG~ Compute Design Event I

Select Design Event: IEimanth j Computs I

Computational Fesults for thiz event:

Peak Flow Rate  1.6590 cfs
Peak Time (hrs]  &0.0000 min - 1.0000 b
Peak Yolume 21497120 cf - 0.0494 acit
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Bazin Datal Pery CH | Pery TCI Impery CH | Impere TC ~ Compute Deszign Event |

Select Design Event: |25-"'r'3|“Ir j Campute I

Computational Results for this event:

Peak Flow Rate  B.8778 cfz
Peak Time [(hrs]  55.0000 min - 0.9167 hr
Peak “Yolume 3007 9847 of - 0. 2068 acft

5. Next select a swale cross-sectional shape (trapezoidal is preferred but
rectangular or triangular cross-sections can be used if site-specific constraints
so dictate). For this example we will use a trapezoidal shape.

6. Now we will determine the width of our swale. Use Manning’s equation
(RT.04-1) and first approximations relating hydraulic radius and dimensions
for the selected swale shape from Table RT.04.1 on the next page, to obtain a
value for the width of the biofiltration swale:

_ 1.49AR*"s'"?

Q ot = - (RT.04-1)
where: Qpiofi = runoff treatment design flow rate (cfs)
A = wetted area (ft%)
R = hydraulic radius (ft)
S = longitudinal slope of swale (ft/ft)
n = Manning’s coefficient (see Table RT.04.1).

To solve for the cross-sectional width of the swale, the HRM offers 3
methods. This example will focus of the third method as described below:

Method 3:

For a trapezoidal swale that is flowing very shallow, the hydraulic
radius, R, can be set equal to the depth of flow (y). Based on
discussions with maintenance, the swale will not be mowed, so
from Table RT.04.2 the maximum depth y is 4 inches (0.33 ft) or 3
inches for erosion control grasses (for this tutorial we will assume
4 inches). Using this assumption, the equation in above can be
changed as shown on the top of the next page.

It should be noted that the equation is incorrect in the March
2004 HRM. Designers should use the equation at the top of the
next page for projects.
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Figure RT.04.1.
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b = [(NQuiofi)/(1.49y**"s*%)] - zy
b = [((0.2)(1.66))/(1.49(0.33)"°7(0.03)**)] — 3x0.33
b=7.22ft

For constructability, the swale will be increased to 8 ft.
Designers should consult the project engineer to determine
a swale width that is constructible.

Note: If a value for b or T is calculated less than 2 feet, then set bed width
to 2 feet.

6. Designers next need to verify the velocity is less than 1 ft/s using equation
RT.04-2 below.

Compute the flow velocity at Qpiofil.
_ Qbiofi
biofil A\

where:  Vpiorii = flow velocity at Qpiosir (ft/sec).

(RT.04-2)

Before computing the velocity, A will need to be calculated using the at Qpjofil
by using the equations in Figure RT.04.1. For a trapezoid, the area can be
computed as follows:

A=(b+yz)y
A=(8+0.33x3)0.33
A=2.97 sqft

Next apply equation RT.04-2:

_ 16 0.56ft/s

biofil D Q7

Since Vpiosit < 1.0 ft/sec, the width (b or T) is acceptable. If the
Vhiofit > 1.0 ft/sec the channel width should be increased or
investigate ways to reduce Qwg and then repeat the steps above
until Vpierit < 1.0 ft/sec. A velocity greater than 1.0 ft/sec is found
to flatten grasses, thus reducing filtration.

7. Compute the required swale length, L (ft).
L= Vbiofil t (60 sec/min)

where: t = hydraulic residence time (min)

9 minutes for basic biofiltration swales.

L = (0.56 ft/s)(9min)(60 sec/min)=302.4 ft

10
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If there is not sufficient space for the biofiltration swale, consider the
suggested solutions provided in the 2004 HRM RT.04 BMP design. For this
example, assume there is more than enough space.

Lastly, the free board check should be performed for the combination of
highest expected flow and least vegetation coverage and height. The highest
expected flow rate (Qconvey) 1S the design flow rate of the downstream
conveyance system to which the swale discharges.

Note: Use the same units as in the biofiltration swale design steps.

Select the lowest possible roughness coefficient for the biofiltration swale
(assume n = 0.03). Since the 25 year storm produces a larger flow rate, the
affects of the 25 year storm going through the grass will be less and thus the n
value can be reduced to reflect this.

Again, use the implicit equation AR™7 = Qconveyn/(1 .4950‘5) (Figure RT.04.1)
and with a known b (or T), solve for depth, y. Select the lowest y that
provides a solution. For trapezoidal swales, Figures RT.04.2 and RT.04.3 can
be used directly.

b = [(Quiofi)/(1.49y" "s")] — zy
8 = [(0.03x6.88)/(1.49y"%7(0.03)"%)] - 3y
y=0.25ft

Ensure that swale depth exceeds flow depth at Qconyey by @ minimum of 1 foot
(1 foot minimum freeboard). For this example the depth of the swale should
be:

'+ 0.25ft = 1.25#t

Now we will repeat the process using StormShed.

Next we will create a new layout. Click anywhere in the Layout View area with the right
mouse button. From the menu that appears, select Layout and then New Layout and
select or type Layout 1.

x
" slsls plef7
\l i EE *|x }B }9 & Layout Mame
IBioswaIeI

Layout Menu M| Mew Layout
Open Layaut

Compul

ompu.e Save Layout
Zeio Diameters . )
Refesh Edit Descrip

FlEs Clear Lapout
Reach Label b T Description of Layout:
Mode Connections
Toggles / Buttone ¥
Auenify
Cycle phases
Repart pen | Delete |
Sereen Capture

Create | Cloze |

Detailed Conveynce Ditch

E'wié Example

11
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After creating a new layout, insert 2 nodes and 1 reaches by clicking both the ‘Insert a
Node’ and ‘Insert a Reach’ radio button on the tool bar. Place the node and reach by
clicking anywhere in the Layout View area with the left mouse button. The structures do
not have to be in their exact location, they can be moved later. Every node and reach
entered this way will be assigned “Prototype”, later we will define them.

Tt elsls(2l2l7 |

D10

After all both structures and the reach are entered, toggle off the “Insert a Node” and
“Insert Reach” radio buttons. Now we will define the Nodes and Reaches for the
Bioswale layout we just created, using the data from the tables below. The basin
‘bioswale’ we created at the beginning of this tutorial will be the contributing area for the
upstream node. Both nodes will be defined as a Dummy Node, there is no actual structure
at these locations, StormShed needs a node to represent the beginning and end of the
reach to perform the calculations.

For each node and reach use the following tables:

Dummy | Outlet | Rim Pipe Length | Upstream Inv. | Slope
Node Inv ElL
EL BS10 2500 100 3%

DI0 100 | 101.25

DI1 25 26.25

With the left mouse button double click on the first node and define the node with the
data shown below.

D10
"" -
rodeveimeon x
Mode D ata |
Node D I "l Mew Mode | ~Mode Tppe
Descrip: Ibioswale durninmy = MhACE et
= Vault
Start EI (i) [100 Maw EI (i) [101.25 !
" Trap Pond
Contrib &Area: Ibioswale j Clear | " Undg Pipe
" Stg-Sta
Contrib Hyd: - Cl
I J il " RALPacl
Maorth (ft): |0 East |0 o e el
Increm () o1~ " Elipse Pips
% Dummy Mode

12



Example Biofiltration Swale

Next we will define the reach by double clicking on the reach with the left mouse button
and input the data shown below. Both ditches and bioswales should use the Muskingum-
Cunge method for a more accurate representation of runoff in a ditch compared to the
Travel Time Translation method, however the result will be slightly different than if
compared with the hand calculation method used in the first part of this tutorial. The
Travel Time Translation method uses the Manning’s equation to compute hydraulic
parameters based of the peak flow rate from the upper end to the lower end of the reach
and should be used in culverts. The Muskingum-Cunge method actually routes the
hydrograph through the reach, taking advantage of the storage that is available in the
reach. Unlike the Travel Time Translation, it does not assume that the flow depth is the
same through the reach length infact the inflow rate is not the same as the outflow rate.
To duplicate efforts from the hand calculation method we will use the Travel Time
Translation method for this section of the tutorial and then in the last section we will use
the Muskingum-Cunge method.

1
Reach Defin x|
Summary I Ditchs-5Sechion Mannings I
Froperties I Geometry | Canstraints

Reach ID: |ES1E| j Mew Fch |

— Section Properties

: —B310
S IDltc:h j 5 T
I aterial I j h -
e D11
Size: I j "‘; .
Hpdraulic Faramsz by IManningS j :

Mannings n' I 0.2

Fiouting Method ITraveI Time Tranzlation j
Conbib discharge I j

Next select the Geometry tab and input the information below. Note that when after apply
is hit, the upstream node will be input automatically from the layout.

13
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Reach Definition x|
Surmmary | Ditchd=-Section Mannings
Froperties Geomety | Constraints

Reach Shape: Ditch
— Specific Geometry

Ta

Length [ft; B2 ss1 [hlv)
Slope (%2 |3 E

2 (k1
width (1) E IS;[—V]
Bank Hat [ft): [125

r Entrance Losses

| fid

—Mode Data

Up Mode: ID‘]D vl Clear |
D Mode: IDTI ]' ﬂl

Up IE: 100 Dn IE: |25

Now that the network is completely defined, we are ready to start the 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.

D10 Layouk Menu 2

Compute
S Zero Diameters
T Refresh

T~ BS10 Reach Label *
T Node Conmections  *

. Toggles [ Buttons  #
BT o D11 Autoterify
e ik Cycle phases
Report
Screen Capture

Next we will enter the design storms we want to compute and route them through the
system. First we will run the 6 month and then, we need to go back and change the
Mannings n = 0.03 for the 25 year 3 hour (see page 11 number 8). Be sure the rainfall
type is defined as ‘short’.

14
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x i
i~ Canduit/Channel Routing————————————— — Conduit/Charnel Rouwting——————————
R Dilte Hydrograph: j R othe Hydragraph: J
through layout: ILB}'OUt 2 =l thiough layeut: | Layout 2 =l
= | Zero Starting Hydrograph [T Zero Starting Hydroaraph
Design Event: IE month j Design Evert: |25 - 3 hour j
Rainfall Type: [Shart =l Rainfall Type: [Short =
[™ Use actual coordinates [ Use actual coordinates
r~ Comments r— Comment;
B510: 1.66 cfs (2 3.0000% ;I B510: 6.88 cfs & 3.0000% ;I
I =

Floute I Canze] | Cloze | Foute I Caneel | Close |

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 6 month 3 hour event is shown below. There are several
things to look at when reviewing the results.

e First verify the depth in the swale is 4 or less, for the 6 month storm, by
reviewing the ‘nDepth’ column. For this tutorial the depth is the same as the hand
calculations at 0.33’.

e Next verify the velocity is less than 1 ft/s by reviewing the ‘nVel’ column for the
6 month storm. For this tutorial, the velocity is less than 1 ft/s.

Since both the depth and velocity are within an acceptable range, the 8 foot width is
also acceptable. If either had been larger than acceptable, the swale width would
need to be increased and the analysis rerun.

Note that the area for the 6 month storm is smaller than actual, that is because there is not
enough runoff from the pervious surface to generate runoff. Note under the 25 year
storm, the full area is shown (including the pervious surface), this is because there is
enough runoff to generate a flow.

ROUTEHYD [] THRU [Layout 2] USING Short AND [6 month] NOTZERO
RELATIVE

Reach Area Flow FullQ % Full nDepth Size nVel fVel CBasin/Hyd
----- ac cfs cfs ratio  ft ---  ft/s ft/s  -----eoeeee-
BS10  3.3300 1.6590 ---- 1.00 0.3261 Ditch 0.5666 ----- bioswale

---------- Rch  App Bend Junct HW MaxEIl/
---------- Loss Head Loss Loss Elev Rim El

From Node To Node ft ft ft ft ft ft
DI11 25.3261
D10 D11 100.3261 --na-- --na-- --na-- 100.3261 101.2500
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Lastly we will review the 25 year 3 hour data. As mentioned earlier, the depth of the
swale needs a foot of freeboard starting from the top of the 25 year storm. The greatest
depth for the 25 year storm is 0.25 ft, so the swale depth will need to be 1.25 ft.

ROUTEHYD [] THRU [Layout 2] USING Short AND [25 yr - 3 hour] NOTZERO
RELATIVE

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

----- ac cfs cfs ratio  ft - ft/s ft/s  ---e-omeeee-
BS10  6.2000 6.8778 ---- 1.00 0.2463 Ditch 3.1951 ----- bioswale
---------- Rch App Bend Junct HW Max El/
---------- Loss Head Loss Loss Elev Rim El
From Node To Node ft ft ft ft ft ft

D11 25.2743
D10 D11 100.2743 --na-- --na-- --na-- 100.2743 101.2500
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Eastern Washington

Biofiltration Swale Sizing Criteria

This is the same method that was described in the 1997 HRM manual. The difference
between this method and the method for the east and west method is there is no residence
time requirement, the swale needs to be 200 feet long. All the hand calculations from the
previous section are the same except step #7, the swale length calculation.

Biofiltration Swale Sample Problem Description

We will use the same sample problem as in the previous section, except the runoff will be
conveyed through a v-bottom ditch for the 2500 feet parallel to the road and then a 200
foot long swale will be constructed after the ditch. Both the ditch and swale will also
have an infiltration rate of 1 in/hr. Infiltration can be considered in both the ditch or
bioswales as long as the infiltration rate does not exceed 2.4 in/hr. Additionally, the
Muskingum-Cunge method will be used. We will also reduce the original DBA we
developed at the beginning of this tutorial by a fifth. The reason for this is we will be
dividing the 2500 ft ditch into 500 ft increments to develop a more accurate analysis to
account for infiltration. This example assumes the biofiltration swale starts at the end of
ditch.

Create a new basin
Basin Definition: biswale 1/5 x|

Easin Data | Perv CH | Perw TEI Irmpery CH I Impers: TEl Compute Dezsign Eventl

Bazin |D|biSWa|E1.-"5 j New Basin I

Select Rainfal Type: [Short ~| 300h

Hydragraph Method: ISBUH Method j SLmmany Data

Hyd Interval {min): |5 Pery TC: 122.43 min

Peak Factor; |454 Impery TC: 1.96 min

Tp Factar: |4 Arear B.2000 ac

Define the pervious surface side slope area.
Basin Definition: biswale 1/5 x|

Basin Data  Perv CM I Pere TC I Impery CH I Impery TC | Compute Degign Event I

Dezcriphion: Area [ac) CH
|n |n Add |
Description; Subdrea CH
Sidezlope area 05740 7E.00
Delete |
&b Coeff: ID-2 Tatal : 05740 ac 7E.00

Define the flow path for the pervious side slope area.
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Example Biofiltration Swale

Basin Definition: biswale 1/5 x|

Bazin Data I Perv CHM  Perv TC I Impery CH I Irmpery TC I Compute Degign Event I

Flow type Descrip: Let [F] Slope [%]  Kf

[shest =] | |0 o |o
add | [ Updste |  Delete | TomitC: 5877min

Type  Descrip Len Slope[] K TT

Sheet  sheet flow at top of basin 500000 1.00 04000 407651

Shallow shallaw flaw ta ditch 4500000 1.00 R.O000  15.0000

Define the impervious basin area (roadway draining toward the ditch
Basin Definition: biswale 1/5 x|

Bazin Data I Pery Ch I Pery TC  Impery CH | Impery TC I Compute Desigh Event I

Dezcription: Area [ac) CH
| |D |c| Ad |
Dezcription: Subdrea CH
paved area 0.6600 95.00

Delete |

Basin Definition: biswale 1/5 x|

Bazin Data | Pere CH I Per: TC | Impery CN~ Impery TC | Compute Dezsign Event |

Flow type Dezcrip: Len [ft] Slope [%]  Kf
ISheet j Ifrom roadway IEB |2 ID.D11
add | Update Delete | Total TG 1.18 min
Type Descrp Len Slope[] KF TT
Sheet  from roadway 58 2.00 0.0110
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Example Biofiltration Swale

Next we will create a new layout. 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, for this tutorial we will call our
layout Bioswale.

x
‘\l_'lITég ;l\flﬁ)lﬁﬁ Layout Mame
IEioswale{

Detailed Corvepnce Ditch
Layout Menu Mew Layout E'w'ts Example

DOpen Lapout
Compute
. Save Layout
Zenn Diameters . .
Rcfech Edit Descrip
S Clear Layout
Freach Label , b Description of Lagpout;

Mode Connections  #

Toogles / Buttonz  »

Autoenfy

Cycle phases

Report Dpen | Delete |
Screen Capture

Create | Close |

After creating a new layout, insert 7 nodes and 6 reaches by clicking both the ‘Insert a
Node’ and ‘Insert a Reach’ radio button on the tool bar. Place the node and reach by
clicking anywhere in the Layout View area with the left mouse button. The structures do
not have to be in their exact location, they can be moved later. Every node and reach
entered this way will be assigned “Prototype”, later we will define them. Each reach
represents the (5)-500’ lengths of the ditch and the (1)-200° section of the swale with a
node on both the upstream and down streamside.
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Example Biofiltration Swale

After all 7 structures and 6 reaches are entered, toggle off the “Insert a Node” and “Insert
Reach” radio buttons. Now we will define the Nodes and Reaches for the Bioswale
layout we just created, using the data from the tables below. The basin ‘bioswale 1/5° we
created will be the contributing area for all the nodes except the D6 and D7, the last node
of the ditch and swale on the down stream. Each node will be defined as a Dummy Node,
there is no actual structure at these locations, StormShed needs a node to represent the
beginning and end of the reach to perform the calculations.

For each node and reach use the following tables:

Dummy | Outlet | Rim Pipe Length | Upstream Inv. | Slope

Node Inv ElL BS1 500 100 3%

El BS2 | 500 85 3%

DI 100 | 101.25 BS3 | 500 70 39

D2 85 | 86.25 BS4 | 500 55 3%

D3 70 | 71.25 BS5 | 500 40 3%

D4 > | 56.25 BS6 | 200 25 3%
D5 40 | 41.25
D6 25 | 2625
D7 19 [ 2025

With the left mouse button double click on the first node and define the node with the
data shown below.

D1
&
x|
Mode Data |
MNode ID: j Mew Hode | —Mode Type————
Dezcrip: Ibiuswale durmrmy ™ Mh/CBAnlet

= Waul
Start €1 ff): [100 Mas E1[f: [101.25 -~ a

Trap Pond
Cantrib Area: ||:uiswale1f’5 j Clear | Lindg Fipe
Contrib Hyd: I j Tlesr |

-
™ Stg-Sto
-

Morth (it} [0 East [0 " Pipe duch
-
o

RLPoal
Increrm [f]: Im

Ewtran output option;:

Ellipze Fipe
Dummy Mode

™ Print Extran Head
[~ Plat Extran Head

(1] I Cancel Spply Help
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Example Biofiltration Swale

Next we will define the first reach by double clicking on the reach with the left mouse
button and input the data shown below. As previously mentioned, the best routing
method for ditches and bioswales is the Muskingum-Cunge.

Reach Definition x|

D1
|

Summarny Ditch-S ection M annings
- . | Geamstry | Constraints
-
B3l Reach ID: I "I Mew Rch |
T
- r— Section Propertie
Shape: IDitCh j
b atenial I ﬂ
Size: I o

Hydraulic: Params by IManningS I
tannings 'n' I nz
Routing Meth |Muskingum-Cun?f/\l j

Contrib dizcharge | j

4

Next select the Geometry tab and input the information below. For ditches the width
should be set at ‘0. We will need to verify this width in the final analysis by verifying
the depth of flow does not saturate the subgrade. Note that after apply is hit, the upstream
node will be input automatically from the layout.

x
o Surmmary | Ditchi<-Section Mannings
& Froperties Constraints
- Ba1 Reach Shape: Ditch
- — Specific Geomety
Length iy 1500 55T [helv)
Slope 2] 12 E
282 [hi1v)
|3
Barik Hat (i 1123
 Entrance Losses
— Mode Data
Up Mode; ID‘] vl Clear |
D Mode: I j'
Up IE: [100 DnlE: |0

The infiltration rate of the swale can be defined in the Constraints tab under Ex/Infil Rate
(in/hr) or Exfiltration/Infiltration. Since this information is for water infiltrating or
exfiltrating into a pipe, it is backwards from how we normally define it for a swale. Think
of a perforated pipe: exfiltration means water is leaving the pipe and should be denoted
with a negative sign where as infiltration means water is infiltrating into the pipe and is
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Example Biofiltration Swale

denoted as a positive number. If that is applied to our swale, we would define water
infiltrating as exfiltration and define the rate as -1 in/hr as shown below.

Reach Definition =|
Surnrnary I Ditch/x=-Section Manning |
Froperties I Geometry @

— Constraint D'ata
mir Vel [ft/z]: IE
max Vel [ftiz]: 15
mir Cov [ft): I3
Min Slape (] |25
Maw Slope %] |2
Min Drop acrozs Mode [f): IIj
Ex/Infil F ate [in.v'hr](ET

Mate: & neqative number denotes exfiltration
while a nositive humber denotes infiltration.

Repeat the process defining the nodes and reaches using the data in the table on page 15.

Now that the network is completely defined, we are ready to start the 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.

D1
& Layout Menu 3 |
-,
B51
N \‘\DZ EF0 Diameters

G0 e Refresh

- . Reach Label L4

T BS2 Mode Conneckions  #

e e —

- n D3 Togales | Buttons — »

Tk Aukoverify
~BS3 Cycle phases
= _.D4 Report
A Srreen Capture
h .

“B54

L D5

=

4. pss D6
- &
~BS6 D7
N

Next we will enter the design storms we want to compute and route them through the
system. First we will run the 6 month and then the 25 year 3 hour. Be sure the rainfall
type is defined as ‘short’.
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Example Biofiltration Swale

x
— Conduit/Channel Routing — Conduit/Channel Bouting
Foute Hydrograph: Route Hydrograph:
thrauigh lapout: IBiDSWﬂ|E=| =l through layout; IBiUSWEH =l
™| Zero Starting Hudrograph I” | Zero Starting Hudragraph
Design Event: IE manth j Diezign Event: |25 w1 - 3 hour j
Rainfall Type: |Shu:urt j Rainfall Type: |Shu:urt j
[ Use actual coordinates [ Use actual cooidinates
— Comments — Comments
BS1: 0.28 cfs (& 3.0000% ;I B51: 1.28 ofs (& 3.0000% ;l
BS2: 0.40 cfz & 3.0000% BS2: 219 cfz (3 3.0000%
BS3 047 cfs & 2.0000% BS53: 2,71 ofs (& 3.0000%
BS4: 0.48 cfs (@ 3.0000% BS4: 299 cf: (3 30000%
BSE: 0.47 cfz & 3.0000% BS5: 3.13 ofs (& 3.0000%
BSE: 043 cfs & 2.0000% BSE: 3.04 cfs (3 30000%
Raoute I [Cance| | Cloze | Foute I Cancel | Cloze |

The results of the analysis will be written to the History View area.

The History Summary for the 6 month 3 hour event is shown below. There are several
things to look at when reviewing the results.

o First verify the depth in the swale is 4” or less, for the 6 month storm, by
reviewing the ‘nDepth’ column. For this tutorial the depth is 0.15 feet for an 8
foot wide swale, well below the 0.33” required.

e Next verify the velocity is less than 1 ft/s by reviewing the ‘nVel’ column for the
6 month storm. For this tutorial, the velocity is less than 1 ft/s.

e Last check the depth of flow in the ditch by reviewing the ‘nDepth’ column and
make sure it does not saturate the sub-grade or is less than 6” deep. For this
tutorial the depth in the ditch is less than 6”.

Since both the depth and velocity are within an acceptable range, the 8 foot width is
also acceptable. The designer may choose to repeat the process with a smaller swale.
Or if either had been larger than acceptable, the swale width would need to be
increased and the analysis rerun.

Note that the area for the 6 month storm is smaller than actual, that is because there is not
enough runoff from the pervious surface to generate runoff. Note under the 25 year
storm, the full area is shown (including the pervious surface), this is because there is
enough runoff to generate a flow.
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Example Biofiltration Swale

ROUTEHYD [] THRU [Layout 1] USING Short AND [6 month] NOTZERO

RELATIVE
Reach Area Flow FullQ % Full nDepth Size nVel
----- ac cfs cfs ratio  ft - ft/s ft/s
BS1 0.6600 0.2761 ---- 1.00 0.4477 Ditch0.4593 -----
BS2 1.3200 0.4034 ---- 1.00 0.5161 Ditch0.5049 -----
BS3 1.9800 0.4673 ---- 1.00 0.5453 Ditch0.5238 -----
BS4 2.6400 0.4790 ---- 1.00 0.5504 Ditch0.5271 -----
BS5 3.3000 0.4747 ---- 1.00 0.5485 Ditch0.5259 -----
BS6 3.3000 0.4322 ---- 1.00 0.1475 Ditch0.3470 -----
---------- Rch App Bend Junct HW
---------- Loss Head Loss Loss Elev
From Node ToNode ft ft ft ft ft

D7 19.1475
D6 D7 25.1475 --na-- --na-- --na-- 25.1475
D5 D6 40.5485 --na-- --na-- --na-- 40.5485
D4 D5 55.5504 --na-- --na-- --na-- 55.5504
D3 D4 70.5453 --na-- --na-- --na-- 70.5453
D2 D3 85.5161 --na-- --na-- --na-- 85.5161
D1 D2 110.9827 --na-- --na-- --na-- 101.3500

fVel CBasin/Hyd

bioswale 1/5
bioswale 1/5
bioswale 1/5
bioswale 1/5
bioswale 1/5

Max El/
Rim El
ft

26.2500
41.2500
56.2500
71.2500
86.2500
101.2500

Lastly we will review the 25 year 3 hour data. As mentioned earlier, the depth of the
swale needs a foot of freeboard starting from the top of the 25 year storm. The depth for
the 25 year storm is 0.46 ft, so the swale depth will need to be 1.46 ft.

ROUTEHYD [] THRU [Bioswale] USING Short AND [25 yr - 3 hour] NOTZERO

RELATIVE
Reach Area Flow  Full Q % Full nDepth Size nVel fVel CBasin/Hyd
----- ac cfs cfs ratio ft - ft/s ft/s  --—----—--
BS1 1.23401.2785 -  1.00 0.7953 Ditch  0.6737 ----- bioswale 1/5
BS2 2.46802.1891 ---- 1.00 0.9730  Ditch  0.7707 ----- bioswale 1/5
BS3 3.70202.7070 ----  1.00 1.0537  Ditch  0.8127 ----- bioswale 1/5
BS4 4.93602.9920 ---- 1.00 1.0940  Ditch  0.8333 ---—-- bioswale 1/5
BS5 6.17003.1347 - 1.00 1.1133 Ditch  0.8430 ----- bioswale 1/5
BS6 6.1700 3.0388 ---- 1.00 0.4634  Ditch  0.6983 -----
---------- Rch App Bend Junct HW Max El/
---------- Loss Head Loss Loss Elev Rim El
From Node ToNode ft ft ft ft ft ft

D7 19.4634
D6 D7 25.4634 --na-- --na-- --na-- 25.4634 26.2500
D5 D6 41.1133  --na-- --na-- --na-- 41.1133 41.2500
D4 D5 56.0940 --na-- --na-- --na-- 56.0940 56.2500
D3 D4 71.0537 --na-- --na-- --na--  71.0537 71.2500
D2 D3 859730 --na-- --na-- --na-- 85.9730 86.2500
DI D2 110.9736 --na-- --na-- --na-- 101.3500  101.2500
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