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1.0 Stormwater Design Part 2- Introduction

The Stormwater Design Course Part 1 and this manual, the Stormwater Design Part , describe
the functions and processes of the 12d drainage module. In these documents, the generic term pit
refers manholes inlets, catch basin and manholes.

The Stormwater Design Course - Part 1 Notes contain:

S

S

S

S

create a super tin for pipe cover and pit cover levels,
set drainage defaults and layout a drainage network from CAD and in 12d,

use the 12d drainage network editor to assign names to the pit/pipes, avoid service
clashes, grade pipes, align obverts, minimise depth and many other design tools,

designate catchment areas and produce catchment plans,
run the 12d storm rational hydrology and hydraulics engine,

transfer data to and from electronic spreadsheets to enable the user to easily review
the data and add user defined data to the 12d pipe network. This data may include
such data as pipe bedding types and trench width,

create a drainage template containing customised default design parameters,

create pit setout schedules to export to spreadsheets or word processors for final for-
matting,

produce long section drainage profiles including HGL data, flows, invert levels and
service crossings,

create plan drawings with pipe sizes, flows, pit symbols, linestyles for pipe sizes,
design parameters for pit and pipes and user defined data,

locate pits/manholes at exact chainage and offset locations.

This manual, the Stormwater Design Course - Part 2, is intended to describe the additional fea-
tures of 12d model drainage and discuss the customisation of the package. This will include

S
S

S

Revised July 2008

customising the drainage.4d file,

12d storm analysis with inlet capacity calculations and bypass flow,
flooded width analysis and flooding at SAG pits,

drainage trench excavation volume calculations,

pipe and pit quantity calculations/reports,

open channel calculations,

adjusting pit locations for changes in horiz road geometry
analysing the major flood events,

design or evaluate the drainage system using by creating input files for the xpswmm/
xprat-hgl, Windes, Drains and PCdrain drainage design packages,

read the output from the drainage design packages and update the drainage network
plus storing the hydraulic data, such as hgl (hydraulic grade line) levels, peak pipe

12d Stormwater Course - Part 2 Notes: Page 5 of 110
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flows and pipe capacities,
s creating drainage symbols with grates and upstream side inlets,

s detailed drainage plan labelling and long sections with hatching under roads.

2.0 Starting with a Basic Drainage Network

In this document, the generic term pit refers to manholes, inlets, catch basin and manholes. When the
term manbhole is used on the 12d menu system it refers to any type of pit. Pit types, dimensions and
inlet capacities of the pits are set in the drainage.4d file.

These course notes assume that you have completed the Stormwater Design Course and that you
have experience creating 12d model drainage networks with catchments areas. This course will
begin with a completed drainage design found in the directory

\12djobs\8.00\Courses\Drainage_Analysis

The project name is  Local Road Complete.

3.0 Setup Files and Their Locations

The drainage module consists of the optional 12d Drainage Analysis, utilities, startup configuration
files for RAT2000, XP SWMM and the 12d drainage configuration file (drainage.4d).

All setup files have been configured for the training version. However, when you start working on
real projects you may want customise the drainage module. More - Customising the drainage
module

The drainage.4d file contains pipe types (RCP, Class 2 etc.) and example pit inlet capacites for inlet
pits. Detailed pit type descriptions and internal pit dimensions can be included in this file to be
inserted into your pit schedules. For PCdrain and Drains users there are routines to read your gully
pit/database files and create the drainage.4d file More.

REVIEW THIS DATA CAREFULLY! The drainage.4d file may be customised for any additional
inlet capacity data you may have.

To edit the drainage.4d file, from the main menu select

Design->Drainage-Sewer->More->Edit drainage.4d

Select the Find button to search the 12d path for the
current drainage.4d file. If the file is found in the set-

 Fdit Dra"*age.‘id g|ﬁ|@

Drainage.4d |drainage.4d —ups folder, it should be copied to the user folder or your
| current working folder before editting it (see below).
Select the More info button (the folder) and then Open
to edit the file.

12d Stormwater Course - Part 2 Notes: Page 6 of 110 Revised July 2008



12d Solutions Pty Ltd

Civil and Surveying Software

COURSE NOTES
STORMWATER DESIGN - Part 2
Copying the drainage.4d files

If the drainage.4d file is found in the 12d setups folder or if other drainage.4d files are to be used

they can be copied from setups folder.

. it o]

Drainage.4d I;er'l,drainage.drd :ﬁ 1

1. Select the More info button (the folder)

2. select lib to open the windows browse
panel.

Find I

FinishI

linestyl. 4d
symbols,4d
kexkstyl, 4d
textstyle_names.4d

3. Select the up level icon.

[Browse]
[Browse reset]
[Dpen]

[Dpen with]
[Celete file]

4. Select the Set_ups folder. Now we are
ready to copy the desired drainage.4d
file.

Select the file to open

Lok ir: |_; 200

2l 023 C

Revised July 2008
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select the file to open 7| x|
Lok ir: I&} Set_ups j % ) * g I~

3 drainage. 4d
ﬂ drainage V& Qld BCC podrain. sd
drainage V8 Qld BCC. 40S
= - lect
ﬂ drainage V7 Qld.4d )
ﬁ drainage V7 Drains Yickt  open
E] drainage W7 Drains Vicke Cipen With 1
RS || 5] drainage V7 Drains Qld © ikyaEdit-32
3 drainage V7 Drains M3, o) winzip b
3 drainage Y7 Drains MW -
ﬂ drainage V7 10 Ips fixec Find Wiruses

[ 0
- |2 Images Send To C
* _uk
Copy 7
Favartes
Create Sharkouk
1,"“1- Delete
a Denare
r-.-1|rl |::|:|r|'||:|I_JtEer File niamme: dr*.4d 5 j I:Ipen
. ‘roperkies

il

Files of type: Files [*.4d] - I Cancel

type dr*.4d and press Enter to get a list of the drainage.4d files.
RB the desired file
Select Copy to place the file on the clipboard.

select the Up level icon to move back up a level

¥ ® N W

Select the User folder
10.RB in the white space and then selectPaste.

11.The file can now be renamed drainage.4d if it had another name.

Select the file to open Select the file to open

Laok in: I ) 800 Look in: Ilal User
Wiew g
Arrange Icons By L
Refresh

10 I
Paste Shegrour
Undo Delete Ckrl+Z

by Documents

You must restart 12d for these changes to become active. Select Project->Restart!
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At startup, if there are significant errors in the file, refer to the output window where 12d will
print the line number where it give up. When looking in the long list of files, the drainage.4d file
is loaded after the shp files.

See “The drainage.4d file” on page 21.

REVIEW THIS DATA CAREFULLY! A detailed description of the pit inlet capacity tables in
this file is given in “Pit Inlet Capacities” on page 23. The drainage.4d file may be customised for
any additional inlet capacity data you may have.

Revised July 2008 12d Stormwater Course - Part 2 Notes: Page 9 of 110
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4.0 Bypass Flow

Bypass flow strings are used to trigger the bypass calculations in the network editor and are used as a
centre line for flooded width calculations. The later requires unique names for the bypass flow
strings.

The 12d storm analysis, and many of the design programs 12d exports to, allow for bypass flow.
Bypass flow involves the calculation of inlet capacity which is based on the pit type and often on the
road grade and/or crossfall upstream of the inlet.

Key Points

1. Set the pit type. (Pit Type on the Pit tab). For the 12d storm analysis these pit types must have
inlet capacity data in the drainage.4d file.

2. Set the Inlet config on the Pit->Main tab (Manhole, Ongrade or SAG). This selection will be dis-
abled if cap_config parameter sets the structure type in the drainage.4d file. Manholes have no
inlet capacity and are not considered inlets (sealed), on grade inlets capture the water as it passes
the inlet while SAG inlets trap the water flowing in from all directions (until the catchment over-
flows at the low point).

3. Draw an bypass flow string in the direction of flow so that it passes within 1 pit diameter of an
inlet. When bypass flow strings join they must join within 1 pit diameter of an inlet (Manhole
types are not considered inlets). If flooded with calculations are to be done later, the bypass flow
string must have a unique name and the string should located in the flow channel.

Enter the model name in the Bypass flow model field on the Global->Utility Models tab.
4. Many bypass strings may join at an inlet but only one bypass string should leave each inlet.

5. On grade pits may require road grade and/or crossfall data for inlet capacity. A setout string link is
required to measure road grade. If road crossfall is needed then the centre string is also required.
These strings are specified using the Road design file on the Global->Utility Models tab.

6. Pond depth measurements for a SAG inlet require a link to a catchment string. Also check that
your grate level is correct (Grate rl mode).

7. Press the Set Pit Details button. Road grades, crossfalls, ponding depths and bypass pits will now
be found on the Pit->Bypass tab of the Network Editor.

8. Bypass pits may be cleared using Clear Bypass Links on the Globals->Utility Models tab

9. Storm Analysis must have Consider Bypass Flows selected.

4.1 Drawing Bypass Flow Strings

The bypass flow string must be within 1. pit diameter of the drainage pit in be considered on the
bypass flow path. If the bypass flow string is to be used for flooded width calculations in the future,
the string must also be drawn in the main flow area of the cross section.

For project with roads it is easiest to copy a road string (invert strings are usually the best) into the
flow model and then check the string to see if it flows down hill. You may be required reverse the
direction of some strings, split some strings at major crests, join some strings that do not meet at

12d Stormwater Course - Part 2 Notes: Page 10 of 110 Revised July 2008
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inlets and finally add some flow lines where flow crosses the road.

Copying the Invert strings into the bypass model

First we will create a new view for just the road strings.
View->Create->Plan view

15/ 10-Type Roads
%'-I.-'iew name |Roads] ] EI 11.Select Create
Creste ' Finish | Help |
1. Place your point over the + button and press
= ua = T Shift+r to display all of the models starting with
BT (<> W) i i E
by 1 | -
2. Drag your pointer across all of the road models to
Road 1 Sects select them

Road

3. Lb the Select button to add them to the view.

Kl —

Select

Revised July 2008 12d Stormwater Course - Part 2 Notes: Page 11 of 110
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From the main menu select

Utilities->A-G->Change

Il Change String Info

=101 ]

—Daka bo comeverk

NECEEEERCA

Wigw |M|:u:|el I Skring Inf 3 ink I0's I Polygons I Ext 4 I r I

Name [Roads 2

Il Change String Info

=101 ]

—Daka bo comeverk

IR T s I B

Wi I Model  String Info |F‘|:|int I's I Paolygaons I Ext 4 I *I

Type ]
Mame W 1 _@I
il [ _gl
Pt-line [y string 7|
Stwle I—EI
Weight — ﬂ
2 Use log lines [

[ew nanme I—@I

MWew calour I—EI

e shyle IW i

Mew pt-line bype

I leave asis Vl

Felet weight I EI
—Target
By | EHE
22| =gl 22| m| 2| 22

Copy to model

I bypass flow 5 d

| 17 elements(s) selecked from 22 model(s) 3

Changel 6 FinishI Help I

12d Stormwater Course - Part 2 Notes: Page 12 of 110

1. Select the filter button
. Select the View button and then

select the Roads view

. Select the String Info tab.

. Type *inv to select the rinv and

linv strings.

. Select Filter Select to select the

*inv strings from the Roads
view.

. Note that 17 strings have been

selected from the roads models.

. Either type FLOW LINE or

select the line style button, then
select the group Drainage 12d
and finally FLOW LINE line-
style.

. type bypass flow,1 for the new

model. The ,1 will add the
model to view 1 for you.

. select Change to copy the

strings to the new model with
the new line style.
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Splitting the Strings at Major Crests

If the roads contain a major crest that defines a separate catchment then the flow lines will need to
be split so that one segment can be reversed.

If you have labelled the crests and sag points then you can use these labels to quickly identify the
crests.

(1]
g,
[ 9

[ Y

[ Y

[

[ Y

[ Y

N Ie g O A

[

SoE

[ Y

Drag out the CAD string toolbar and select the String split icon.

R ==

Instructions will be given in the 12d message area (bottom left corner of the screen). Pick
and accept the string to be split.

=

Pick and accept the split point or if you have them the crest marker. The string will now be
split.
repeat steps 2 and 3 for all strings to be split. Press ESC when finished.
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Reversing the Strings if they flow in the wrong direction

w
Ao
[ Y

=10 x|

[ Y

[ 9

[ 9

[ Y

[ 9

i‘\l"%r'f'lf 0 i %

[

Skring Reverse

551G

1. Drag out the CAD string toolbar and select the String Reverse icon.
2. Instructions will be given in the 12d message area (bottom left corner of the screen). Pick
and accept the string to reverse.

continue selecting strings to be reversed. Press ESC when finished.

Joining Flow Lines Together

If the flow lines join eachother within 1 manhole diameter of an inlet (not a manhole) then then do
not need to be joined (but they can if desired). If there is no inlet at the join then you will have to join
the strings together.
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alhe
2
4
) & gx]e]al 4l x|
L,
2,
+,
2,
o

[

QUL 77 &S0 2 Py
-

| fﬁ thﬂ

1. Drag out the CAD string
toolbar and select the String Join icon.

=

Instructions will be given in the 12d message area (bottom left corner of the screen). Pick
and accept the upstream string then pick and accept the downstream string. Since they are
already drawn in the same direction you will not have to use a directional pick.

continue selecting strings to be joined. Press ESC when finished.

Adding additional flow lines where the flow cross the road

Use the CAD toobar to create the bypass flow paths. A unique name is required if you plan to
calculated flooded widths after the analysis is done.

To use the CAD toolbar go to the CAD data bar and enter a
string name and model name. Select the line style (optional).
1

X
N |north kern @ lbyvpass Flow ] Jyeliow J | Q [FLOMY LINE | gﬂ

DRAG the Create line button and release at —

the Create Line String button: + | la[+]- | 8|
- | R =T s
When finished drawing the string press ESC. A

Create Line String

"

@)
f"‘i

]

Starting at the upstream end. LB select an insertion point and MB or press return to accept the
selection. Continue this until you reach the end of the flow path. The string will not be shown in
the new linestyle until the screen is redrawn. Press ESC to finish drawing the string. MB on the
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plan view title area to redraw the screen. The correct linestyle will now appear.

If you reach a sag pit location you may terminate the string or continue defining the bypass flow path
for a surcharging event out of the sag location.

4.2 Set Pit Details - Calculate the Bypass Flow Data

Once the first 4 Key points of bypass flow (listed above) are complete, you are ready to calculate the
bypass flow data. Select Set Pit Details and then select a pit on a bypass flow string. The bypass data
is found on the Pit->Bypass and Pit Main tabs.

Il Drainage Network Editor - 0] x|

Catchment| Pit |F‘ip%| DEFALLTS | cLogaL |
—urrent pik

Pit name |5 Fit bype |SaL2D ﬂ

Main ISetDut I Evpass I Motes I

Cower BL mode | EI Cover RL |28.485124 .
Grate RL mode | EI Grake RL |28.485124 .
Pit: diamneter |1,1 E Sump, offset I

Irlet data |
Kur methmd [ V' Inlet config [on-grade Pit Bﬂm
ko canfig | EI i (rinar ) | Manhole
K | Ky | i fmajar) | Cn-grade Pit

Sag Pik

Ziutlet data

~L Ij1;,.‘_Tanily~'ﬂtg3r m WJFvﬂf@Er)JT-\‘ U||

12d supports Manhole, ongrade and SAG configurations. The inlet configuration is set on the Pit-
>Main. This settings can be locked to the Pit type in the drainage.4d file using the cap_config com-
mand (discussed later). Manholes will not receive bypass flow and cannot have catchments assigned
to them. On-grade pits are pit where the water will flow passed the pit if not captured and SAG pits
are located at SAG locations where the water will pond around the pit if there is not enough inlet
capacity.

The remaining bypass data is found on the Pit->Bypass tab.

12d Stormwater Course - Part 2 Notes: Page 16 of 110 Revised July 2008
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Il Drainage Network Edito

—Current pik

_ (0]
Catchment |Fipe | DEFALLTS | GLoBAL |
Pit name |5 Pit bvpe |SF'.L2D ﬂ
Bypass) | nates |

Main I Sebauk

Bwpass pit

- on-grade pit
Manual [
Manual [

—Bypass flow | Inlet capacity Fackors

[LosT '

Rioad grade (=] |2,2|:||:|9 . )
Road xfal (%) [5 | |

Zhoke (minoe) |

Choke (major) |

—5ag pit

Manual [

M pand depth ||:|,|:||:|?a .

Zhoke (rimot) | Choke (majar) |

L \_-..._— —‘L__‘___\\\ -""I‘___‘..‘.hh_"\_"---..,‘I A1

The downstream pit will now show in the Bypass pit field. If the bypass string does not go to
another inlet (the network out is not an inlet) then the Bypass pit will be marked as LOST.

If Pit on grade is selected and a setout string was found (see Pit->Setout tab), the Road grade
will appear in grey. You may override this value by selecting the Manual tick box beside the
value and entering your own value. If a road centre string was selected, the Road xfall field will

also have a value.

If Sag pit was selected and a catchment string was selected, the Ponding depth will be displayed.
The catchment strings from all 3 sets are draped onto the finish surface tin and the low point
located. The Ponding depth is calculated as

Ponding depth = catchment string low point - Grate RL).

Revised July 2008
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aﬂEectlnn 1 “drainage- =3

_I_I_I_I_Iilil_ll“_*l_l_l_l_l_l_l

Pond Depth

Low Point of catchment

string = overflow elev

Negative Ponding Depths

Negative ponding depths are usually caused by one of two errors in input. The first may be that the
grate level is too high. Often this happens when the Grate RL mode on the Pit->Main tab has not be
set correctly or if Sz + setout string option is used the Sz value on the Pit->Setout tab has been
entered correctly.

The second common error is that the catchment string has not been drawn around the crest of the
catchment. The lowest section of the catchment string must be drawn carefully because it is the low-
est point on the string that determines the overflow elevation. If in doubt, profile the catchment string
with the design tin shown in the section view. Double check were the low point is. The location of
the low point is also shown as a green vertex (plus sign) in construction drainage data model.

Verification strings in the same model confirm the locations where the road grade and crossfall have
been measured. To check these strings add the construction drainage data model to the plan view.
The following image shows a close up of the verification strings at a pit.
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_igyf| The green line indi-

: . cates where road
EI|'4]“|':'|@\ W X @\|i|%| °~{|§| grade was meas-

ured and the
magenta line indi-
cates where the road
cross fall was meas-
ured.

+

The default location of the road grade measurement is one pit diameter upstream of the setout
point, along the setout string. The road crossfall is measure one pit diameter away from the setout
point towards the road centreline. These are 3d super strings and therefore you may profile them
in the section view. With the grades toggled on (check under Toggle) you can verify the slopes.

The location of the road grade and crossfall measurements can be changed in the road design file.
The distance upstream to measure the road grade is controlled by the Grade offset column one
the rows where the setout strings are defined. The road crossfall is controlled by the Xfall offset
column on the rows where the road centre lines are defined. The distance the measurements are
taken is controlled by the Slope measurement distance.
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Important Notes

1. Pits with no inlet capacity defined will have a zero inlet capacity.

2. Manholes have no inlet capacity.

3. If no bypass flow string is supplied for a pit, the inlet capacity is set to 100%.
4.

If you have a problem with the inlet capacity factors (Drains Version 1 and ILSAX), check the
calculated crossfall and grade.
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5.0 The drainage.4d file

The drainage.4d file controls many of the settings for the pit and pipes types inside 12d. This sec-
tion details the format of the drainage.4d file. Changes to this model take effect only after
12dmodel has been restarted.

The original drainage.4d file is found in the “program files\12d\12dmodel\8.00\set_ups” direc-
tory. Do NOT change this file. Copy it into “program files\12d\12dmodel\8.00\User” directory
and edit it there. Files in the user directory are used by preference and they are never over written
by a 12d update.

/[ ==================================================================
//NEW V8 MANHOLE FORMAT:

/[ ===================================================================
//manhole "manhole type" {

//

// //All entries inside a manhole entry are optional.

//

// mhsize <x.x> [<x.x>] //Length [and optional Width] in <base units>

// mhdesc "verbose description of the manhole type"
// mhnotes "extra remarks about this manhole type"
// mhgroup "manhole group to which the type belongs"

//

// //Inlet capacity data for all conditions (generic):
//

// cap_multi <X .X>

// cap_fixed <X .X>
// cap_percent <x.x>

// cap_coeff <X .X>
// cap_power <X.x>
//

// //Inlet capacity data for on-grade conditions (by road grade & xfall):
//

// cap_curve_grade "curve 1" {

// road_grade <x.x>
// road_xfall <x.x>
// cap_multi <X .X>
// cap_fixed <X .X>
// cap_percent <x.x>
// cap_coeff <X .X>
// cap_power <X.x>
// coord <Qa> <Qin>
// coord <Qa> <Qin>
// coord <Qa> <Qin>
/)

// cap_curve_grade "curve 2" {
// road_grade <x.x>
// road_xfall <x.x>
// cap_multi <X .X>
// cap_fixed <X .X>
// cap_percent <x.x>
// cap_coeff <X .X>
// cap_power <X.x>
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// coord <Qa> <Qin>

// coord <Qa> <Qin>

// coord <Qa> <Qin>

/7 )

// cap_curve_grade "curve n" {
// road_grade <x.x>

// road_xfall <x.x>

// cap_multi <X.x>

// cap_fixed <X .X>

// cap_percent <x.x>

// cap_coeff <X .X>

// cap_power <X.x>

// coord <Qa> <Qin>

// coord <Qa> <Qin>

// coord <Qa> <Qin>

/7 )

//

// //Inlet capacity data for sag conditions:
//

// cap_curve_sag "curve sag" {
// cap_multi <X .X>

// cap_fixed <X .X>

// cap_percent <x.x>

// cap_coeff <X .X>

// cap_power <X.x>

// coord <Depth> <Qin>

// coord <Depth> <Qin>

// coord <Depth> <Qin>

/7 )

//}

/[ =============================================================================
//RULES FOR INLET CAPACITY DATA
/[ =============================================================================
//

//Qa = pit approach flow rate

//Qin = pit inflow rate

//Qb = bypass flow rate = Qa - Qin

//

//If there is no bypass pit (i.e. 100% capture): Qin = Qa

//

//Else: Qa >= Qin = choke*cap_multi*( cap_fixed

// + cap_percent*0.01*Qa

// + cap_coeff*Qa”cap_power

// + cap_curve_? {

// cap_multi*( cap_fixed

// + cap_percent*0.01*Qa

// + cap_coeff*Qa”cap_power
// + [Qin via coord lookup] )
// }

// )

//

// where: 'cap_curve_?' is the applicable curve data

//

//Default values for unspecified entries:

// cap_multi = 1.0
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// cap_~fixed = 0.0
// cap_percent
// cap_coeff =
// cap_power =
//

//Rules for 'cap_curve_grade' entries:

// *Only applicable to on-grade pits.

// *All cap_curve_grade entries must be uniquely named within a pit.

// *The 'road_grade' and 'road_xfall' entries are both optional, but their

= O O
o O O

// use must be consistent across all cap_curve_grade entries within a pit.
// *If both 'road_grade' and 'road_xfall' entries are omitted, only one

// cap_curve_grade entry is allowed within a pit.

// *The 'road_grade' and 'road_xfall' entries must be specified in %, and are
// interpreted as minimum threshold values.

// *The cap_curve_grade 'coord' entries (if used) must be in order of

// increasing Qa.

//

//Rules for 'cap_curve_sag' entries:
// *Only applicable to sag pits.
// *Only one cap_curve_sag entry is allowed within a pit, and it must have

// a valid name.

// *The cap_curve_sag 'coord' entries (if used) must be in order of

// increasing Depth.

// *It is recommended that all sag pits have 'coord' entries, because even
// if there is no bypass pit (100% capture), the 'coord' entries are used
// to reverse-calculate the flooded depth at the sag inlet, based on Qin.
//

//NBl: Flow rates must be specified in "cubic <base units> per second".
//NB2: Depths must be specified in <base units>.

//

//

5.1 Pit Inlet Capacities

The pit inlet capacity tables contained within the drainage.4d file are used by the drainage design
packages in different ways but with a common philosophy.

5.1.1 On grade pits

The grade and crossfall values for the tables are threshold values, i.e. the next set of capacity fac-
tors will not be used until the crossfall and grade are equal to or exceed the values for the curves.
The curves are not interpolated!

12d Storm Analysis

Some sample Pit definitions follow to demonstrate how the pit inlet capacities are calculated.
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Manhole "SEP 25" {

mhsize 1.200 0.900
mhdesc "SEP with 25 1/s"
mhnotes ""

mhgroup "SA"

cap_multi 1.0
cap_fixed 0.025

Manhole "SEP 50 percent" {

mhsize 1.200 0.900
mhdesc "SEP with 50%"
mhnotes ""

mhgroup "SA"

cap_multi 1.0
cap_percent 50.

Manhole "SEP Grade x 10" {

mhsize 1.200 0.900
mhdesc "SEP with 25 1/s"
mhnotes ""

mhgroup "SA"

cap_curve_grade "curve 1" {
road_grade 1
cap_multi 1.0
cap_fixed 0.010

cap_curve_grade "curve 2" {
road_grade 2
cap_multi 1.0
cap_fixed 0.020

cap_curve_grade "curve 3" {
road_grade 3
cap_multi 1.0
cap_fixed 0.030

cap_curve_sag "curve sag" {
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cap_multi 1.0
coord 0.0 0.000
coord 0.1 0.010

}

Drains Version 1 and ILSAX

The capl, cap2, cap3 and cap4 values are used to describe the inlet capacity of the pit as described
in their user manuals.

Drains Version +
The 12d inlet curve names are exported to Drains as the pit family.
xpswmm, xpstorm and RAT-HGL

If cap2, cap3 and cap4 are all equal to zero then a fixed inlet capacity equal to capl will be
exported to RAT-HGL. If the sum of these three values is greater than zero then a pit type will be
created in the format of pit_type-crossfall-roadgrade. For example SA2-3-2 for a SA2 pit with a
road crossfall of 3% and a road grade of 2%. A rating curve with this name will have to exist
inside RAT-HGL. 12d has no way of transferring the rating curve itself into RAT-HGL.

PC Drain
Similar to RAT-HGL, PC Drain has it own rating curves defined internally. The road grade is sent

as a separate piece of data to PC Drain so that the pit inlet capacity may be determined.

5.1.2 SAG Inlets
PC Drain

PC Drain places a suffix code in the pit type to specify that the pit is a SAG pit. For example an
9S.03 indicates that pit type 9 is a sag pit and the maximum depth before bypassing is 30mm.
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6.0 12d Storm Analysis Bypass and Flooded Width Calculations

Once the bypass pits are selected and the drainage.4d file has been setup for bypass flow the storm
analysis engine must have this feature enabled. Select Consider bypass flow.

Il Drainage Network Editor: Storm Analysis - O] x|

Crainage model |drainage Crverland Flow model [dwg d overland Flow
J g

Mlain | Flood Extents I

Starm Analysis and Mebwork Design Factors
Average Recurrence Interval (years) Iz Consider partial area effects [
Rainfall lacation file [$L1EYUS QLD Erisbane. 12dhydro il [ Cansider bypass flows v ]
. — Qx routing incremment {00
__qufall_-mpmd \L JERT L_‘ —— \.‘\ ~1 - | e 2 L. N
b

The Qx value controls how excess flow is handled in the bypass flow calculations. If the hgl at the
pit reaches the grate level then no more water can enter the pit even if there is inlet capacity. The
flow that will not enter the pit is considered excess flow. When a value greater than zero is entered
here, the inlet will initially have its inlet capacity restricted by this value. Upstream inlets are done
first as this may reduce the hgl in the downstream system. The system is rerun adjusting the flows by
this amount each time.

If the inlet capacity is reduced to zero and the hgl is still above the pit then water is removed from the
pit and considered as Qs (surcharge flow). In the hydraulic reports this value is found as a negative
Inlet Flow Qi.

The storm analysis engine will calculated flooded widths from normal depths along the flow path
and ponding extents at SAG inlets. A bypass flow model (Global-Utility Models tab) is required for
these calculations.

The models and the input data for these calculations are entered on the Flood Extents tab.
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B Drainage Metwork Editor: Storm Analysis

Crainage model |||:|rainage | COrverland Flow model |||:.3.-p.355 Flow |

Main  Flood Extents ]

Talculate overland Flood extents:

Model For sag ponds |drainage flood sag ponds |=¢-’f| leyan | | Fill blend
Mode! For flooded widths [drainage flood widths || [evdn | M| create edges
Model Far X-sections |drainage flood xsecs |~r:-| |magenta |.| Trim - |Levees V|

Model For 'W warnings — |drainage flood widths warn W |~a-;r| [vellow | | Max

Madel For D* warnings  ||drainage Flood widths warn Dy |-~;.‘=| |dark red |.| Max O™ |[0.6
Model for Q watnings  ||drainage Flood widths warn |~r:-| Ired |.| {Q = Qecap)

r-section separation lﬁ“{
¥-section length lﬁ'%
Levee talerance lﬁd_
Min longitudinal grade (%) lﬁ“‘;
—
rlanning's n [ots

Manning's ) correckion factor

Run Back ko Editar

Select Calculate overland flooded extents to active the fields on the panel.

Model for sag ponds is used to hold string that indicate the extent of flooding at the These set-
tings are used in the same way as the flooded width calculations previously discussed.

The Model of exclusion zones is optional and usually contains the sag ponds model. Flooded
with calculations will not take place inside the polygons in this model.
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7.0 Major Flood Events

If you want to keep the results for the minor and the major event then create a copy of your drainage
network and add a suffix to the model name. Select File IO->Data Output->12da/4da data.

Bl Write 12d Solutions Ascii Data =101 ]
Data ba write
NECEEEEBLEN
Model [dranags =1
Farm: I
&sii Fie [dranage.1z: 2 g
Diecknal flaces IE—E
Jupok strings referenced by computators [o ﬂ
Ok tnes [
otk [0 | |
Cutuk deaveables [
Cubnuk sumer Aigrmert parts [
ot sctriboe ud's [
Cubput project attrbutes o
| finehed webng file
s | 3 1 _Hep |

Now read the same file into 12d using a suffix 100. Select File IO->Data Input->12da/4da data.

M Read 12d Solutions AsE -2 =]

Forinat [12d z=di ﬂ

+ A fils acbearced [
File to read Il:i’zinau:.lzda L 1

Mzgile I =|

Pre®postfi For models [*ioo 2 b |
L rap fike model when phline chages T
All=w #inchode ko b used n
Convert 2d,3d, 4d, ooly, face, mbetface to super |
| firished reading asci data

Feact i 3 |Firi5h§ 4 Help

Use the DNW to select the new drainage 100 model.

For major flood events the user may desire to use an alternative set of values for

Catchment tc,
Catchment C,

Pit direct inflow (Qdi),
Pipe direct inflow (Qpi),
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Pit choke factor for ongrade inlets,
Pit choke factor for SAG inlets,
Outlet tailwater levels.

The user will usually turn off the pipe design feature for both pipe size and inverts. These controls
are found on the Storm Analysis Panel, Main tab.

Il Crainage Network Editor: Stomn Analysis — =)=l

Dranage model i Crprlamd Fiow rmodel o overdand o
d rainsge ]

FI|:|:|:I Estents | [}»3,‘

e Analysis anc hehwork Design Fackors

fverage Recurrence Inberval (veaes) Iz—- Consider partial area effects W

maifdl lcation fie {50645 LD Brebans. Laghydo ig|  onskler Eypass flows =

Rairfall method fFoTae | erounaincrement oot

ZhotTn evert bype {Pajor ﬁ IRl SOl L
ModFfy gipe rverts I

Fips travel tme method |0 =1 fvcap E] MadFy pipe skes ﬁ

Freferedl s fle {5tk matne. g ﬂ Sty el i e Boopeepe

AR AR T ‘f_l-- ...... _h'L._‘ o ki.\ e T L T e [ — \ ]

Change the name of your report files and you may now run the analysis and the results will be
kept separately.
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8.0 Open Channel Flow

12d can model flow in open channels a trapezoidal sections. Suggestions for drainage network editor
settings are listed below.

Key points
The pit grate level must always be at or above the top of the open channel conduit.
Pit-Main Tab

Il Drainage Network Editor - 0] x|

Catchment Pt |pipe | DEFALLTS | GLoBAL |

—iCurrent pik 1
Pit name [10 Pit bype [CHNL ﬂ 1

Main ISetDut | Bypass | notes |

Caver RL mode I EI Zover RL |34, 140646 .
Grate RLmode [Sz + Setoutst w| 2 Rl [iianese
Pit: diameter ||:| . Sump offset |

Inlet data

Kumethod [Direct =3 ku [0 4
ku canfig I . K I

Irlet EDﬂFi“—@n-grade Rik Diteck it Flow |
L \_-...__ S \""1___‘.\‘_‘-\—-.\ ~— L L

1. The CHNL pit type has a 200% inlet capacity and a diameter of zero. This will result in a single
line on the drainage long sections instead of a pit.

2. Setting the Grate RL mode to a setout string plus and offset will allow us to use the invert of the
drain as the setout string and then the offset as the height of the channel

3. Set the Ku method to Direct and enter a Ku of 0 for the channel change of grade points (pits).
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Pit-Setout Tab

Il Drainage Network Editor o ]

Catchmert Pt |pipe | DEFALLTS | GLosaL |

—iZurrent pit
Pit name 10 Pit bype |CHAL =

Main  Sefout |Eh-'|:|ass I Mokes I

— Pit setouk

Setout v mode | zl Easting |545E|.93388E .
Setout distance o orthing [F3sz.e14es: [
Setouk 2 mode | ZI Sebouk BL |34.14DE-4E~ .

—Pit road chainage

Chainage mode | EI Chainage | .
Road mame I offset I .

—String seleckion

Setaut string | il
Zentre string | il
Setout adjustment: Sy (+ve D5) | 52 jo.5| A4

[
Tl \‘_-..._— L-.___\'\\_“'L..‘\____"AQQ Bl S S [

4. Enter the Sz equal to the height of the channel. This will set the grate level at the top of the
channel.
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Pipe-Main Tab

Il Drainage Network Editor - O] x|

Catchment | Pt Pipe | pEFALLTS | GLOBAL |

~Pipe downstream of current pit
Pipe connections |1|:| to i1

Main IDesign I Miokes I

—Invert levels

Usinvert [5z.43765¢  Jef DSInwert [zgiesiisy ]

~Pipe size

Diam)Height ||:|,5 t 5 Pipe tvpe |CHNL EI 6
Widkh |1 ol #Pipes |1
Top width |5 e

— Other properties

Roughness type [Manning z| 7 1ath [taz. 798
Roughness ||:|,|:|35 defl, ||:|-=-
Direct pipe flaw | D5 defl, Joeo7'41"

~— sv--n_—-- L;___ \—uh__‘ e e == (R
£y e

5. Set the Height, Top width and Bottom width of the channel.

6. Change the Pipe type to CHNL. This is for long section labelling and does not affect the calcula-
tions.

7. Set the Roughness type to Manning and enter a roughness for the open channel.

Note: The inlet at the end of the channel is often modelled as a SAG pit for inlet capacity. The Pond-
ing depth will have to be entered manually (use the depth of the channel). Since the grate had to be
placed at the top of the channel, 12d will not be able to plot to SAG pond for this pit.
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Pipe-Design Tab

Il Drainage Network Editor o ]

Catchment | Pt Pipe | pEFALLTS | GLosaL |

~Pipe downstream of current pit
Pipe connections |1|:| ko 11

Main  [esign | Motes I

—Invert design
Lock U5 Invert [T Lock DS Invert

-
Grade mode ICDnst Depth ZI 8 er limit I .

Min arade (%) | 11 'E
Align mode |1|_-1|_ Drop = 9 Align drop ||:| 1 u -E

—Pipe size design
Laock pipe size [ Min pipe height | E
Ma pipe feight | E

Design mode |open Charnel: Freeboard Design ZI 12
Freeboard limit at LS pit ||:|, 15 ﬂ

Flove-depth limit at pipe entrance (%) | . | |

8. Set the Grade mode to either
“Constant depth channel” or
“Min depth” with a Cover limit of 0.0.

9. Set the Align mode to “IL-IL drop”
10.Set the Align drop value to O (unless you are designing drop structures for your channel.
11.Min Grade % for open channels is usually much less than pipes.

12.Set the Design mode to “Open Channel: Freeboard Design”. This will allow supercritical flow

to continue through the channel junctions. Often the Freeboard limit will be different for a
channel than the pipe system.
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9.0 Excavation Quantities

Sample templates are included in the courses section of 12djobs (\12djobs\courses\8.00\drain-

age\pipe template.tpl). The templates from this template library may be added to your project using
Design=>Templates=>Ultilities=>Input.

This routine uses 12d templates to calculate the excavation volume for all of the drainage strings in a

model. An option to create section for a tin on top of the pipe is also available so that the drainage
long sections can include hatching between the obvert of the pipe and the design tin under roads.

Templates with names set to the pipe diameters (times 1000) are used for the calculations, thus
trench shapes can be customised and over excavation for bedding materials can be included. Net area
calculations to exclude pipe area are not supported.

Key points

1. One template for each pipe size (mm)

2. If obvert templates are used, add the prefix “obvert “ to the pipe size
3. Carefully consider the tin selected.

A template must exist for each pipe size in the model (pipe size x 1000). For example a 0.3m pipe
will require a template to exist named 300. A 0.5ft pipe would require a template named 500. Sample
templates are included in the courses section of 12djobs (\12djobs\courses\7.00\drainage). These
may be copied to your *.project directory and then added to your project using Design=>Tem-
plates=>Utilities=>A dd=>All all to project.

The templates are run along the strings and the total volumes are reported. Volumes for each strings
are given in the report file. An example follows.

BEGIN APPLY TEMPLATE REPORT

apply template to string report -

string E

tin design

separation 10.000

left template 375

right template 375

cut volumes and areas are negative
fill volumes and areas are positive

chainage- ————-—-— sectional information------ -—————- intermediate information---- = -————————— accumulative information-------
7777777777777 cut area --fill area ------------ ----cut vol ---fill vol —-cut volume-- -fill volume- ---balance---

0.000 -1.434 0.000 0.000 0.000 0.000
-0.771 0.000
0.550 -1.367 0.000 -0.771 0.000 -0.771
-14.222 0.000
10.000 -1.642 0.000 -14.992 0.000 -14.992
-15.293 0.000
20.000 -1.416 0.000 -30.286 0.000 -30.286
-1.845 0.000
21.313 -1.393 0.000 -32.130 0.000 -32.130
-0.794 0.000
21.863 -1.493 0.000 -32.924 0.000 -32.924
total cut -32.924
total fill 0.000
balance -32.924

ie excess of cut over fill 32.924

END APPLY TEMPLATE REPORT
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If a tin is created from these strings then volumes by depth can be determined using Design=>Vol-
umes=>Exact=>Tin to tin

Usage
Access this panel from the menu selection

Design => Drainage => Reports => Excavation Quantities

M Drainage Excavy Quant h{ [ZJIEIPEI

Drainage model  |drainage For exc ﬂ
Strings rodel lexcav strings ﬂ
Sections model lexcaw sections ﬂ

g
Ground surface tin Jexisting ﬂ
Separation I E
Section colour loramge J

Clean section/string models [w
Stop section ak edge of manhale ~

Ise obwvert templates [

|
F‘ru:u:essl

The fields and buttons used in this panel have the following functions.
Field Description Type Defaults Pop-Up

Drainage model input box

Model to contain all of the pit and pipe network to be worked on.

Strings model model box

Strings generated from the templates will be stored in this model

Sections model model box

Sections generated from the templates will be stored in this model

Report name input box

cut and fill volumes will ne sent to this report

Ground Surface Tin tin box

tins from which the volumes will be calculated

Separation real box
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distance between the sections

Sections colour colour box

Sections generated from the templates will be assigned this colour (strings colours are defined in the tem-
plates)

Clean section/strings model tick box

Delete the strings in these models before processing.

Stop section at edge of pit tick box

Template are run from pit centre to centre if this is not selected. The templates stop at the edge of the pit if
selected. This is often selected with the following option Use obvert templates.

Use obvert templates tick box

Templates must be named with the prefix “obvert”. i.e. obvert 300. The template is still run along the
invert of the pipe but the user now has a section “set” of templates that can be used to create a tin on top
of the pipe as well as below.
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10.0 Network Quantities Report

This panel is accessed from the menu selection

Design => Drainage Sewer => Reports=> Network Quantities

Key points

1. Items are counted/totalled by depth and optionally type.

1. The routine will not "double count" items even if the ranges overlap.

2. Types are case sensitive, types with spaces in the name must be enclosed in quotes and the wild
card * may be used.

3. Use vertically offset tins and "banded" depth ranges to get quantities under roads, foot paths
etc. This is discussed later in detail.

4. Erase count file fields if the items are not to be counted.

B Drainage Quantities

[raka Skring source
Rl =R Eed A
Model Ii =

MH config file [$LIB\manhole_depths. 4d ﬂ
Fipe config file [$LIE\pipe_depths.4d ﬂ
HiZ canfig file [$LIB\hc_depths.4d g
H pit config File [$LIB\hc_pit_depths.4d ﬂ
HC jump ups config file |$LIB\hc jump_ups.4d ﬂ
Report fils |quantities, rpt A
Report Unused Ranges v
Report Types [
|
Count Finish

The fields and buttons used in this panel have the following functions.
Field Description Type Defaults Pop-Up

Data String Source Choice

usually the entire model is selected but view is also available for combining models

MH config file file box

This file specifies the types and depth ranges for the pits. Details of this file are contained below.
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Pipe config file file box
This file specifies the types and depth ranges for the pipes. Details of this file are contained below.

HC config file file box
This file specifies the types and depth ranges for the house connections. Details of this file are contained
below.

HC pit config file file box

This file specifies the types and depth ranges for the HC pits. Details of this file are contained below.

HC jump ups file file box

This file specifies the types and depth ranges for the house connections jump ups. Details of this file are
contained below.

Report file file box

a sample report file is given below.

Report unused ranges tick box

the depth ranges for the pit/pipe/house connections are defined in the *.4d files. Selecting this option will
cause the depth ranges in the file to be printed even if there are no pit/pipe/house connections in these
depth ranges (zero quantity values will be shown).

Report types tick box

Selecting this option will cause the pit/pipe/house connection types used in the model types to be listed
(even if quantities are not requested in the *.4d files). Since this is a complete of the type used in the model,
the list informs the user what types have not been included in the quantity calculation.

Count button

executes the option.

Finish button

removes the dialogue from the screen

The *.4d files listed above are contained in the 12d library directory. Each line is the file performs a
count (count lines). No items are counted twice. Therefore, if an item is counted its type and then a
count line is found the wild card is used for the type, the type already counted will not be included in
the count.

The format for a count line is three or four values (space delimited) per line. Size is optional.

<type (from drainage.4d)> <size> <starting depth> <ending depth>

Notes:
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All types with spaces in the name must be enclosed in quotes The wild card * may be used.

The size is optional and if omitted the all sizes will be counted in this group (do not use the * for a
wild card).

The starting depth and ending depth are required for all count lines.

Quantities Under Roads and Footpaths

By creating super tins with vertically offset sections, quantities under roads, footpaths etc. can be
determined. for example.

Offset your road design tin up by 1000m (Tins->Utility->Translate/Copy) and then use the
depth range 1000-1999 for pipes under roads.

Create a tin from the footpaths only, null by angle length with a small length to remove the road
and then offset it vertically by 2000m. the depth range 2000-2999 is not the quantities under the
footpath.

Sample count lines

// sum concrete cover manholes is various ranges

"CONC COVER" 0.0 1.6

"CONC COVER" 1.5 3.0

"CONC COVER" 3.0 999.9 // this is expected to be zero
"CONC COVER" -999.0 0.0 // trap errors

// any that are not Concrete cover will be counted here

* 0 F
w ~ O
oo o
© W
@O;T\
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Manhole Quantities

Since the Report unused
ranges tick box was selected,

CONC COVER 0.00  1.60 13 16.506  these lines were printed even
CONC COVER 1.60  3.00 1 1-510  though there were no pits in
CONC COVER 3.00  999.9 0 0.

CONC COVER -999.0 0.0 0 0. the data ranges.

* 0.00 1.60 0 0.0

* 1.60 3.00 0 0.490

* 3.00 999.9 0 0. P80

total length = 18.016

Types Used

CONC COVER

Diameters Use This data results from select-
********** ing the Report types tick
1.100 box.

Sample count lines for pipes follow.
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// sum class 2 pipes by diameter and for various ranges
// count 375

2 0.375 0.0 2.0

2 0.375 2.0 5.0

2 0.375 5.0 999.

// count 450

2 0.450 0.0 2.0

2 0.450 2.0 5.0

2 0.450 5.0 999.

// count 525

2 0.525 0.0 2.0

2 0.525 2.0 5.0

2 0.525 5.0 999.

// count pipe sizes that were missed
2 * 0.0 2.0

2 % . .

2 * 5.0 999.

// count all other missed pipes

* 0.0 999.
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11.0 Exporting to Drainage Design Software Packages

12d contains most of the data required for your drainage design packages. However, each packages
has specific design variables that 12d does not have access too. The design process is intended to
export your data from 12d to the design package, design the drainage system and then read the
results back into 12d for your long sections.

If pits/pipes are to be added/deleted from your network during the design process you are safest to
add/delete the pit/pipe to 12d and to your design package separately.

Not recommended and as a poor alternative, you have the option of reading the results back into 12d,
adding/deleting the pits/pipes and then exporting the data to a new drainage project in your drainage
design software. As 12d does not have access to all of the data in the design packages this
method is not recommended!

Some of the drainage design programs offer a third option that allows you to import data “on top of”
an existing project thereby merging and over writing the existing data. Be sure to contact the drain-
age software supplier to obtain exact details of how the merging process is performed.

The interface is run by selecting Import/Export from the Drainage Network Editor

Design->Drainage-Sewer->Network Editor
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The Drainage model is the model
currently being edited.

B Drainage Network Editor: Inkn rtfExport

Drainage model |drainage netvark The I/0 format selects which exter-

IjC Format [Spreadsheet clipboard j nal program the 12d is interfacing

Ij file name [clipboard. b Q with. Some programs use the win-
@ Export dows cl}pboard 'flnd others use fllgs.

If the clipboard is used the data will

Export catchment detais also be written to a file by 12d in
2iqpantc ey i flowy wlzells case you need to take the data to
Expott pipe inverts and sizes another computer.

SEpreadShe‘.at Dp.mns. Export enables the export fields
xport al Junction pit below and exports when Run is
Preset aukpuk |all data j selected p

| J The Export options have slightly
different effects depending on the 1/
O Import O format (program) selected above.
Therefore they will be discussed
J later with the various formats.

e

| |

| =

T

I
| Run | | Back to Editor |

Export pipe diameters and inverts is generally select for existing systems only. If your design
program will set invert levels and pipe sizes then turn this tick box off for new systems.Some
design programs will require initial inverts and pipe sizes. In this case this box should be selected
on the first export.

Export default catchment/pit parameters is generally selected for the first export. For subse-
quent exports turn this selection off and then only the catchment areas (if the model is supplied
above) will be exported.
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12.0 Drainage Data Input and Output to Spreadsheets

Spreadsheets are an effective method to manage the numerous variables urban drainage designers
create in the modelling process. Spreadsheet data can be transferred to and from 12d in tab delimited
files and stored within 12d as “user definable attributes”. These attributes are linked to the pit and
pipes within a network. Drainage long section plots can display the pipe attributes in the “arrows”
data area and pit attributes in the bubbles area. Drainage plan drawing can also show these pit and
pipe attributes.

Drainage strings will be created if they do not exist in the model but pits cannot be added to existing
strings.

See also
12d to spreadsheet transfers
Spreadsheet to 12d update and create

Spreadsheet options

12.1 12d to spreadsheet transfers

This interface is accessed the Import/Export button on the Drainage Network Editor.
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B Drainage Metwork Editor: Import/Export

SIS

Drainage maodel |||:|rainage riekwark,

| Select Spreadsheet clipboard

Expart bypass flow details
Export pipe inverts and sizes

Spreadsheet options
Export all junction pits

I/C Farmat |Spreadsheet clipboard |V‘r
i file name |clipboard. kxt |_J|
(%) Export
Export catchment details

These options are not used for
I spreadsheet export.
V'Y

— Usually leave this off! Select

Presel output &l data

to export the junction pit at the

end of all drainage lines (very

rarely needed).

You may also select to limit the
output if desired. If you like
using spreadsheets for data
entry, the PCdrain data and

ILSAX data formats are useful

for adding data for the first time
for either program.

Select Run to place the data on
the clipboard.

{:}Impl:urt
| |
[prripLan eLoT |
I P
Frone e
I |
| Run | A/[ Back to Editor |

12.1.1 Options
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The Spreadsheet Options section allows the user to define the amount of data exported.

_|I — . . .
f_. ﬂ | .EI ﬂ Export all Junct‘lon pits
when selected will repeat
Drainage model \drainage netwark the data for the junction
I/C Farmat |Spreadsheet clipboard ﬂ pit at the end of each
Ij file name [clipboard. bt A branch line.
{(®) Expart Prgset Output this
Expart catchment details choice box offers the fol-

Export bypass flow details lowmg choices:

Export pipe inverts and sizes

Spreadsheet options
Export all junction pits

Presel output [l data

|

{:} Irnpork

House conneckions
Cuskomised list File

I \‘— T —‘L“‘___ \\'\ “'L_‘_\.:" T

All Data: All of the 12d drainage string data and the user defined attributes will be exported to the
clipboard in a tab delimited format. The 12d data names and the user defined attribute names will
appear at the top of the spreadsheets columns.

ILSAX: For the ILSAX program, the spreadsheet column headings will change depending on the
pipe and catchment indicators (P2 card) and the inlet type (P3 card). Therefore, use the ILSAX pipe
editor macro to set up one pit/catchment for the type of data you wish to enter. Now when you export
the pipe network data the column headings will include the names of the relevant parameters.

User defined below: The Customised list file name is used to define the drainage values, their
order and format you desire.

The customised list file is a text file where each line contains a drainage variable or a spreadsheet IO
command (blank lines are ignored unless preceded by the header command). The spreadsheet 10
commands are all lower case and listed below:

header to define a line of text to be exported

blank to leave a blank column in the output

pit data the following attributes are for the pit.
downstream pit data  the following attributes are for the downstream pit.
upstream pit data the following attributes are for the upstream pit(s).
pipe data the following attributes are for the pit’s outlet pipe

downstream pipe data the following attributes are for the downstream pipe(s)
upstream pipe data the following attributes are for the upstream pipe(s)

variable name a 12d drainage variable names
factor the following variable is multiplied by this factor
decimals the following variable will export with these decimal places

The simplest way to create your own customised tab delimited file is to set the Preset Output field
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to All data and leave the customised list file name field blank. Selecting Set, Finish and then
Copy from the main dialogue. The data will be placed on the clipboard and a customised list file,
named output_list.txt will be created containing the names of all of the drainage variables in the
12d model. Use a text editor to add/or delete the variable names, change their order and/or add
spreadsheet IO commands. Save the file with a new name! The output_list.txt file is overwitten
on every export.

A listing of a customised list file follows. Note the words in the header file have a “tab” between
them so that they will be spaces across the spreadsheet columns.

header

Pipe Details

header
Name Length U/SIL D/SIL Slope(%) Class Dial.D. Rough Pipels No. Pipes

pit data
*pit name

pipe data
*length

low ch invert
high ch invert

factor
100
*grade

pipe type

factor
1000
diameter

After creating your customised list file, select Options again and change the Preset Output field
to User Defined below and enter the new customised list file name that you saved above. Select
Set then Finish and finally Copy to put the formatted data onto the clipboard.

The data can be pasted into a spreadsheet program for checking or additional formatting.
CUSTOM FORMATED DATA MIGHT NOT BE PASTED BACK INTO 12d!
The data must be in the “12d drainage spreadsheet” format to be read into 12d.

Caution with pit names in the form 1-1 or 1/1. Some spreadsheets will interpret these values as
dates. If you use these formats for your pit names you will have to paste command them in once,
format the columns that contain the pits names as text data and then paste the information in
again.

One final word on using the copy/paste commands in the Microsoft Excel program. The Paste
Special command using the “Skip Blanks” option will allow you to copy a large block of 12d data
(with blanks in it) on top your data so that your data is preserved where it coincides with the
blanks. To use this option paste the data into a blank spreadsheet and then select copy again. The
Paste special option with “Skip Blanks” will now be available.
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12.1.2 Spreadsheet to 12d transfers
This item is accessed from the Import/Export button on the Drainage Network Editor.

The following panel will appear.

Bl Drainage Metwork Editor: Import/Export E|E|@

Drainage rmodel |drainage network
1jO Farmat |Spreadsheet clipboard ‘<#|—Select the Spreadsheet clipboard
1 file name [clipboard. bt ﬂ format.

{:} Expork

Spreadsheet options

| |
| =

—Select Import
(%) Import 4 /

y 4

Hald oberts on impart O This is ignored on spreadsheet
Generate plan results [ impOl‘tS.

| -
| |

Select Run to update the drainage
Senerate long-seckion resultst [ model.

| =

| Run | | Back to Editor | ( Help |

Tab delimited, “12d drainage spreadsheet” format or “from to” format data must be on the clipboard
in order to update a 12d drainage model or create a new model. These format are described below.

12.1.3 Updating an Existing Model
The data usually is generated by 12d using the Export option, pasted into a spreadsheet and then
copied back to the clipboard so that 12d can be updated.

When 12d exports the drainage model to a spreadsheet it includes a column for the unique string
identifier and a unique pit identifier (unique to the drainage model not the 12d project). The names of
the strings and pits may be changed via the spreadsheet if these columns are present at import time.
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If the pit id column is not present, 12d will search the drainage model for a matching pit name.
When the pit is a junction between drainage lines, only the trunk line will be the data updated.

12.1.4 Creating a New Model

It is possible to create a new string or an entire drainage network using this format. However, pits
cannot be added to an existing string. The entire drainage string must be created at once. Two for-
mats are available, the “from-to pit” format and the “12d drainage spreadsheet” format.

At present the network editor must select a drainage string to become active. Therefore, if you are
not adding strings to a network, you will have to great a drainage network with one “dummy” pit.
Select this one “dummy” pit to activate the editor. After importing the data and the new drainage
lines are created the “dummy” pit may be deleted.

12d drainage spreadsheet Format

The top left cell in the clipboard data must be the text “12d” to specify this format. The min-
imum amount of data required to create a new string is the string name, pit name, x and y
coordinates. You can add as much additional data as you have available. This would include
pipe diameters inverts etc. The pits must be listed from upstream to downstream order. If
the string is to join a trunk line, the junction pit must be included for both the tributary and
the trunk line.

An example file exists called new_network.txt is supplied in the library. Open this file in a
spreadsheet or a text editor and copy it to the clipboard. Set the I/O Action to Import and
select Run. The new drainage lines will exist in the model currently being edited.

From-to Pit Format

The top left cell in the clipboard data must be the text “from to” to specify this format. The
minimum amount of data required to create a new string is the upstream pit name "*pit
name), the downstream pit name (*ds pit name) and the x(x location) and y(y location)
coordinates of the upstream pit. If the string is to join a trunk line, the junction pit must be
included for both the tributary and the trunk line.

An optional column for the pit cover elev (cover elev) may be specified. Once the network
has been created additional pipe and pit data may be added using the “12d drainage spread-
sheet” format described above.

An example file exists called new_from_to_network.txt is supplied in the library. It is
shown below. Open this file in a spreadsheet or a text editor and copy it to the clipboard.
Enter a new model name in the Drainage model field and select paste. The new drainage
model will now exist.
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from to [pit pit pit pit

*nit name [*ds pit name |x location y location cover eley
text text real real real

Ef A3 5305 4558| ¥336.935933| X9.2173
01 Al A27T.189| 7336.93559859( 286071
1 B3 A251.235738| 742399485 31.5257
AL AfL 5354 B2 | 7336.9359953| 30.2115
AL A3 5340.019987 | 7322.035995 2989
A3 A4 5203 458002 | 7322035991 28.8k5Y
Al Af5 A250.182626] 73220355986 27 9127
A5 AfB 8217 .194202] 7322.035953| 27 1867
AfB AfT 5153.4568002 | 7322035579 25 4447
AT 5152 BI5RA3| 73220355975 25 7RE7Y
B B2 B280 425875| 74202289078 327197
B2 B3 6264 535564 | 7393.947083| 30.7945
B/3 B4 5248.736564 | 7384.207583| 30.41587
B4 B4 5248 735564 | 7351.201545] 29 1444
B Af5 A2533.426685| 7336.935984| M7 544

12.2 “12d drainage spreadsheet” Format

Each column of data is used for a 12d drainage variable or a user defined attribute. Each row repre-
sents a pit and the downstream pipe (controlled by the direction of flow variable) within the drainage

network. A sample is shown below.
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[
-

124 pit pit pit pit pit pit
*string Mame |["pit name [pit type [pit low ch invert [pit high ch invert [pit id  |string id
text text text real real integer |integer
E Ef SA2 25.108 25.108 1| B7F359
E A3 SA2 27 7559 27 7559 2| B738d
1] 01 SA2 27 3951 27 3951 3| B3100
1] Add SA2 26.8018 26.8018 4| B3100
c =i oAd 3067 3067 & 72072
c B/3 SA2 29863 29563 B| 72072
A, A1 SA2 291026 291026 7| 82459
A A2 SAZ 258.7811 28.731 8| 82459
A, A3 SA2 27 7RA2 27 7059 8| 52489
A, Add SA2 268127 26.7518 10{ 52469
A, A5 SA2 26.0867 260244 11| 82469
A, A SA2 253442 252942 12| 82469
A, AL oAd 24 B2 24 B2 13| 82469
B B SA2 31.2755 31.2755 14| 192066
B B2 SA2 23.351 23301 15| 192066
B B3 SAZ 23123 29073 16| 192066
B B4 SA2 25.0444 27 8951 17| 192066
B =i SA2 263447 262947 15| 192065
B A5 SA2 260744 260744 19| 192066

Duplicate Definitions

Strings Variables such as “direction” are may be defined for numerous pits on the same string.
Searching in a top down direction through the file, the last definition found for the string will be
set.

Invert levels may be set via pipe data or pit data or combined. It is recommended that the user
only use one method and not combine them. Both are exported so delete the ones you are not
going to use. The variables are processed from left to right, so if duplicate definitions of an invert
level or found the right most data will be set.

The format definition

1. Rowl, column 1 must contain either “12d”, or “from to”. Therefore, the first column must be a
12d drainage variable (cannot be a user defined attribute).

2. Row 1. The text <pit> at the top of the column indicates the column contains a user defined pit
attribute and similarly <pipe> indicates a user defined pipe attribute.

3. Row 2. This row contains the names of the 12d drainage variable names and the pit/pipe
attributes. All names are case sensitive so be careful where you use capital letters. A list of 12d
drainage variables is found below.

Names beginning with an asterix (*) will not be processed (except pit/string names when
unique identifiers are present in the data). 12d drainage variables names beginning with an
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asterix indicate that this data was calculated at export time and cannot be read back into 12d (for
example, pipe length, pipe grade and deflection angle).

Prefixing an user defined attribute name with “DELETE ” (no quotes, note the space after the
DELETE) will cause the attribute to be deleted from all pits/pipes within the model.

4. Row 3. The text in this row define the type of attribute to be stored within 12d. The only valid
choices are;

integer
real
text

If you want to change an attribute type you must delete the attribute and create it again. If you
simply change the attribute type in the third row then that attribute will not be updated.

5. Blank lines may be inserted as desired.

6. You are not required to fill in all of the cells in the spreadsheets. Blank cells are ignored (you must
use a space to remove all data from text attributes (the space will not be stored).

7. Pipe names are included in the data so that they can be changed but they are not used to identify
the pipe. Pipe data will always be assigned to the pipe following the pit in the direction of ascend-
ing chainage. If flow directions is ascending then the pipe data will be for the downstream pipe. If
the flow direction is descending then the pipe data will apply to the upstream pipe.

12.3 12d Drainage Variable Names

Manhaole Yariables |Pipe Wariables | String Variables

*string Name pipe harme direction
*pit name pipe type

pit type low ch invert

pit diameter high ch invert  |string id

pit low ch invert diameter
pit high ch invert  |*length
pit road chainage  |"grade

pit road name low hyl
*pit angle high hgl
*pit drop pit hyl
*pit depth flow
*pit chainage velocity
¥ location

y location

cover eley

*fs eley

*ng eley

pit id
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13.0 Running PCdrain for Windows

Data is exchanged to and from PCdrain via the interchange (*.int) file. Gutter profiles and inlet type
must be specified in PCdrain before the interchange file is read into PCdrain.

The data sent to PCdrain includes

s pit names and types, easting and northing data with surface levels

s pipe deflection angles at pits

s finished surface profile along the centre line of the pipes

s optional - crossing services - level, size and location along the pipes

s optional - bypass inlets, road grades and SAG inlet ponding depths

s optional - up to 2 catchment areas per inlet
s optional - default catchment characteristics, k values and overland travel times
s optional - pipe sizes and invert levels

13.1 PCdrain Requirements

Pit names

The pit name from 12d is assigned to both the structure and catchment name in PCdrain. These
names cannot exceed 7 characters.

Pit type
The 12d pit type is transferred to the structure type in PCdrain. These names must match those spec-

ified in the PCdrain Inlet charts selected (Data=>Inlet charts). Select the desired inlet charts
BEFORE importing the interchange file.

12d pit types with an “S” in the name are treated by 12d and PCdrain as a SAG inlet pit. 12d will
strip off all characters after the “S” before adding the ponding depth. If a catchment string in set #1 is
available for the SAG pit then the ponding depth will be calculated.The12d pit type will remain
unchanged. A typical example would be a pit type “1TC” with the sag tick box on would become
“ITCO0.100” if a ponding depth of 0.1 was calculated.

Bypass Flow

When a catchment string is specified for the pit, the maximum depth before bypass flow commences
is calculated. The lowest point on the catchment string is determined by draping it onto the drainage
strings tin. The maximum depth before bypass is calculated pit setout level less the setout to grate
offset less the lowest point on the catchment string.

PCdrain differentiates between pits (no surface inflow) and gully pits via the 12d pit type. The
bypass flow strings can only be drawn within 1 pit diameter of the gully pits. Keep the bypass flow
strings away from the PCdrain pits.
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Catchments

Again, since PCdrain differentiates between inlets and manholes (using the 12d pit type), ensure
that catchments are only drawn for gully inlet and NOT manholes.

12d to PCdrain Pit Data

12d

PCdrain

Pit-Setout-Easting (northing)

Table 1- Easting (Northing)

Pit-bypass-bypass pit

Table 1 - Bypass structure

Pit-Main-grate Level

Table 5- Surface Level Overrider

Pit-Bypass-Road Grade (%)

Table 5- Road grade over rider

Pit-Setout-Chainage

Table 5- Road Chainage

Pit-Setout-Offset

Table 5- Road offset

Pipe-Main -length

Table 7 - Pipe length

Pipe-Main-diam

Table 7 - Pipe1 size

Pipe-Main-# pipes

Table 7 - Pipe1 number of conduits

Pipe-Design-Alignment Modes

Table 7 - Alignment of conduits

Pit-Main-Ku(Kw)

Table 8 - Ku (Kw)

Pipe-Main-US invert

Table 9 - Upstream level of pipe

Pipe-Main-DS invert

Table 9 - Downstream level of pipe

12d to PCdrain Catchment Data

I:;’;’:s:’o‘fs 12d PCdrain

Total Area Catchment Area

Total Area (set 2) Catchment Area2

Pervious C minor and Major Minor coef; Major coef
Pervious C minor and Major (set 2) Minor coef2; Major coef2
Pervious Tc minor (Direct method only) Time of concentration overrider
Pervious Length Length of overland flow
Pervious Slope Grade of overland flow
Impervious Length Length of gutter

Impervious Slope Grade of Gutter
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13.2 12d to PCdrain
1. Export the data to PCdrain selected via the Network editor
Design=>Drainage-Sewer=>Drainage Network Editor

After selecting the drainage network, select the Import/Export button and the following dialogue
will appear.

The drainage model will be completed

M Drainage Network Editor: Import/Export E|E”E| by the editor

Drainage model |drainage network. - L Select PCdrain Int (Windows) from
10 farmat PC Drain Ink (Windows) @/ the drop down list.
1o file name My drainage int [=, 1 __Enter the name of the int file to be cre-
() Export ated.
Export catm Select Export
Export byr==g flow detail= Y v
G STt s 2

Select the Run button and the interface file will be created.

2. Launch the PCdrain for Windows program. If you have a project set up with the design parame-
ters, rainfall data, inlet charts and gutter profiles then open it now and skip to step 8. Otherwise
continue with step 5.

3. The Design Parameters can be set as desired with the menu selection
Data=>Design Parameters.

4. Select the rainfall data using the Data=>Rainfall menu selection.

5. Select the inlet charts using the Data=>Inlet Charts menu selection. The pit types specified in
12d must be included in these settings. More - PCdrain to 12d pit converter

6. At least one gutter profile in PCdrain needs to be defined. These are set through the menu selec-
tion Data=>Gutter Profiles. The default gutter section name (Road ID) from 12d is 4d and
therefore it is recommended you create a profile with this name and your own description. If you
have changed the profile names in 12d (through the spreadsheet interface or the Attribute editor)
these new profile names will have to exist in PCdrain.

7. Save this file now so that you can retrieve it later if required. It can be used as a starting template
for new jobs.

8. File=>Import from the menu. Select the file exported in step 1. The information from 12d may
be viewed by selecting Data=>Network and then selecting the desired tabs.

9. The HGL level and the pipe elevation at the outlet should be set using the menu selection
Data=>Outlet.

10.If you have not exported pipe data then the pipe size must be determined. Use the menu selection
Process=>Select Pipe Sizes.
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13.3 PCdrain to 12d

Export the results to 12d using the File=>Export menu selection. Note the name of the inter-
change file you are creating as you will need to enter it inside 12d.

Return to 12d and select Import/Export from the network editor and the following dialogue will

FEX

appear,

B Drainage Metwork Editor: Import/Export

Drainage maodel |drainage network

I/ Farmat |PC Drain Int {windows)
1/ file narme 11y drainage.ink
{J Export

Spreadsheet options

@' Impork
Hold obverts on impart

Generate plan resulks

Drainage plan PPF |;|n.drainplanppf J
Madel for plan results RN FLAN PLOT ﬂ
Full clean of model beforehand ]
Generate long-section resulks

Drainage long-section PPF [design. drainppf

Maodel skem For long-section resulks o

Clean model(s) beforehand

of

| Back to Editor | ( Help

]

Select PCdrain Int (Windows)
from the drop down list.

Select the output file name you
created in PCdrain.

Select Run and the file will be
read into 12d and the drainage
— network will be updated. To see
the changes in a section view,
select Regen.

A listing of the data imported is stored on the 12d output window.

Inlets that have been specified as SAG inlets will have the ponding depth removed from the end
of the PCdrain structure type before the data is stored as thel2d pit type.
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14.0 Running Drains - Version 2 onwards

Key Points

1. The Drains database (each project has its own) and the12d database (drainage.4d) must be syn-
chronised (More).

2. 12d Version 8 needs you to create a new drainage.4d file to include the new inlet capacity curves
(pit groups are no longer used).

3. For pits with a bypass pit and road grade defined (non ILLUDAS), 12d selects pit families for
Drains in the following way

The users selects the pit type (Drains pit size) in 12d and 12d selects the ongrade or sag curve
from the drainage.4d file (see inlet capacity calculations). The names of these curves are the
Drains pit families. If there are no curves for the pit type in the drainage.4d file then the Drains pit
type is exported as ILLUDAS with no family or size data.

If the 12d pit type is Headwall then the pit will be exported as a headwall.

4. Catchment lengths, slopes and roughness values are NOT exported in the Drains Rational format.
The default values for these parameters are NOT exported in the Drains ILSAX format but the
explicit settings from the catchment panel are exported. If used, Drains requires length, slope and
roughness for both impervious (paved) and pervious (grass). Supplementary values must entered
in Drains.

5. Data is copied from 12d to the Windows clipboard and then pasted into Drains. 12d can not delete
any objects in Drains, it can only add and update.

6. When updating 12d from Drains, always copy the DATA to 12d before the results. 12d will
update the network but will not add or delete pits.

7. If a new pit is added in Drains, the user willhave the option to create it in 12d. If it is created only
the pit will be added and not the pipes.

Why Do | get ILLUDAS pits?

1. The bypass pit is blank. There must bypass pit for the water to go to. Bypass flow strings must
pass within 1 pit diameter (beware pits with zero manhole diameters) and you can enter them
manually.

2. The pit type selected has no capacity curves in the drainage.4d file. The curve names become the
pit family for the export to Drains. No pit family means ILLUDAS.

If you are intentionally using a drainage.4d file with NO inlet capacity curves, the pit families you
set in Drains will be remembered by 12d when you import back into 12d. The inlet capacity
curves will not be required for your next export to Drains.

14.1 Drains Interface Overview

The Drains program performs the rational or ILSAX hydrology calculations as well as hydraulic
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grade line calculations that determine pipe sizes and pipe invert levels.

The data sent to Drains includes

s pit names and types, easting and northing data with surface levels
s finished surface profile along the centre line of the pipes
s Headwalls and their levels

s optional - bypass inlets, road grades/crossfalls and SAG Inlet Calculations (ponding
volumes and depths). Pit family selection using road grade and crossfall data.

s optional - composite catchment area create from three12d areas per inlet (must alter
the mapping file)

s catchment characteristics, k values and overland travel times

s pipe sizes, type and invert levels

Data is copied from 12d to the Windows clipboard and then pasted into Drains (Edit=>Paste
data from spreadsheet). 12d can not delete any objects in Drains, it can only add and update.

The Drains menu selection Run=>Design is used to design the network. Once the drainage net-
work has been designed in Drains the updated design data (Edit=>Copy data to spreadsheet)
and/or the hydraulic results (Edit=>Copy results to spreadsheet) are sent back to 12d via the
clipboard.

Always copy the DATA to 12d before the results as the results are deleted inside 12d with
every update of the data!

14.2 Catchment Data

Drains has one catchment per inlet and therefore only 12d’s catchment set one is used in the inter-
face. The 12d catchment is split a pervious (grass) area and an impervious (paved) area using the
percent impervious fraction. The rational and ilsax spreadsheet export formats (selected in the
import/export panel) are different.

The Rational format of the Drains interface does not export Drains “more detailed data”. The
ilsax format does support the “more detailed data” format but the user must define the length,
slope and roughness in the catchment panel. No 12d DNE default data will be exported. As 12d
does not have a supplementary area this data will have to be entered into Drains. Gutter lengths
and slopes are calculated from the upstream section of the longest overland flow path entering the
inlet.

Supplementary data entered in Drains will be remembered in 12d for the next export. The grassed
percentage for the next export is calculated as the (100 - % impervious - % supplementary).

14.3 Synchronising the Drains database and the drainage.4d file.

The 12d pipe types are always used to interface with Drains. Ongrade or SAG pits will be cre-
ated for export to Drains if the 12d pit has a bypass pit, road grade and a pit type with inlet capac-
ity curves. If all three are not present it will be exported as an ILLUDAS pit.
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Every Drains file begins with a default database and Drains uses that database for the life of the
project. This database must by synchronised with the drainage.4d file in 12d to ensure the Drains pit
families, pit sizes, pipe types and overflow route types match. Therefore it is highly recommended
that copy of the drainage.4d file be kept in the 12d working folder.

The Drains and 12d data must match as follows.

Drains database drainage.4d
Pipe type Pipe type entries

Only if bypass flow is required

Drains database drainage.4d
Pit size Pit type
Pit famly ongrade or sag curve hames

Overland route database |default in mapping file

Note: If Drains is to be used to select the pit size then an exact match in pit types is not required. For
this case the 12d pit type need only be the prefix of the Drains pit size.

The following 6 steps will help ensure 12d is synchronised with Drains. More details are given in the
sections below.

1)Prepare the Drains Pit Database

IF 12d is to select the Drains Pit Size, then the Drains Pit Size and 12d Pit types have to match,
exactly! If Drains is used to determine the pit size then you may skip this step.

The pit databases supplied by Drains often have road grade and/or crossfall attached to the end of the
pit size. THIS EXTRA DATA MUST BE REMOVED!

For example, in Drains database you may find the following

Pit family Pit size

NSW RTA SA Inlet, 3% crossfall, 1% grade SA1 (Type 2) - 1% longitudinal grade
and

NSW RTA SA Inlet, 3% crossfall, 3% grade SA1 (Type 2) - 3% longitudinal grade

The pit size for both is the same, SA1, but 12d can not tell this because of all the extra data at the
end. In Drains, simply remove the extra information so that they are both SA1. If the network already
exists in Drains, then Drains will automatically change the names of the sizes you have already
selected. No time lost here.

Once you have changed the Drains pit size names, you are ready to use the Drains to drainage.4d
routine to create a drainage.4d file that is synchronised with Drains.

2)Export the Drains database from your Drains file

Inside Drains Open your drains file or begin with a blank file. Select Project=>Overflow Route
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database. Then select OK and then YES. This will cause Drains to export the database to the file
“Drains Connection Data.txt” and store it in the folder with the Drains program.

3)Create a drainage.4d file from the Drains file

s From the 12d menu select Design->Drainage-Sewer->More->Drains to drain-
age.4d.

s Select Copy Drains database to copy the file to the 12d working folder.

s select Create drainage.4d. The Drains database dump file is copied to the 12d work-
ing folder and a drainage.4d file is created in the 12d working folder.

s More details below.

4)Edit the drainage.4d file

From the 12d menu select Design->Drainage-Sewer->More->Edit drainage.4d. Select Find
then edit from the file more info button. Set the road grade and crossfalls for the 12d pit
groups.More details below.

5)Restart 12d

From the 12d menu select Project->Restart.

6)Set the Overflow shape, Update Pit and Pipe types (Optional)

If the network has already been created using pit and pipe types that no longer exist in the drain-
age.4d file, they will have to be updated before the export to Drains can occur. You may update
them using the drainage network editor (one at a time) or you may set all of the pit and pipes types
to one value using this routine.Later you may change them individually using the Drainage net-
work editor

This routine will also set a default overflow route shape for export (values can be modified in the
Drains program if desired).

From the 12d menu select Design->Drainage-Sewer->More->Drainage io defaults.

More details below.

14.4 Drains to drainage.4d file

Position of option on menu:  Design =>Drainage-Sewer =>More=>Drains to drainage.4d

On selecting the Drains to drainage.4doption, the Drains to drainage.4d panel is displayed.
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- a=g)|

Drains Daka [%
Drains database File \ection Daka,bxk ﬂ
Drains pipe tvpes oncrete, unde E
Drrain pit Families WicRoads Grake ﬂ
12d Pit Groups
Pit Farnily road separataor [ @
12d pit groups VWicRoads Grate ﬂ
12d Pit Types
Pit Mame road separators -0 on g at @
12d pit types 1 m pit with Typ j
Drainage.4d drainage.4d ﬂ
| Drains database loaded
[Copy Drains database|| Create drainage.4d || Firish |

Key Points

When you are finished, open the drainage.4d file and check the road grade and crossfall values
for the ongrade curves!

1.

If Drains is used to selected the pit sizes
then the 12d pit type must be the prefix of the Drains pit size (Pit Name road separators are
used).

If 12d is used to select the pit sizes to export to Drains, the Drains Pit Size and 12d Pit types have
to match, exactly! The pit databases supplied by Drains often have road grade and/or crossfall
attached to the end of the pit size. If pit sizes are to be sent from 12d, this must be removed! Find
Prepare the Drains Pit Database for more details.

. Select Copy Drains database (12d will search the usual locations for the Drains database).

. Review the Drains pipe types and Drains pit families lists to ensure you have the correct data-

base.

12d pit groups are not used in Version 8.

5. Pit Name road separators can only be used if Drains is selecting the pit types. If 12d pit types

6.

are to be exported to Drains, this field should be left blank. If you change these entries you must
press the enter key to update the 12d pit types list below.

Check the 12d pit types and if they are acceptable select Create drainage.4d.

The Details

YOU MUST RESTART 12D FOR THE NEW DRAINAGE.4D FILE TO BECOME ACTIVE!
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Field Description Type Defaults Pop-Up

Drains database filefile Drains Connection Data.txt

You must update this file from Drains before each use of this panel. Inside Drains select
Project=>Overflow Route database. Then select OK and then YES. This will cause Drains to export
the database to the file “Drains Connection Data.txt”.

Selecting Copy Drains database will cause the panel to search for the database dump in the folders
C:\Program Files\Drains\Program and C:\Program Files\Drains\Demo\Program. If the Drains pro-
gram is installed in another folder then you must browse for the file. The file will be read and the panel
updated with eother selection.

Drainage.4d file drainage.4d
The drainage.4d will be created in the 12d working folder unless otherwise specified. It will only be
used for 12d projects in this folder.

Pit families choice Drains pit families

These are the Drains pit families that will be exported to the drainage.4d file. These will become the
names ongrade inlet capacity curves for all the pit sizes that belong to the family. The pit family name
will be searched for words like grade, slope etc to try to determine the values for road grade and cross-
fall for the 12d capacity curves.

Pipe type choice Drains pipe types

These are the Drains pipe types that will be exported to the drainage.4d file.

Pit group separatorinput

Pit groups are not used in Version 8. These characters will be used to remove the road grade crossfall
data from the Pit families above. The data before this character will become the 12d pit groups. Press
Enter or select Read Drains database to create a new list of 12d pit groups.

12d pit groups  choice 12d pit groups

These are created from the Pit family list above by deleting all text after the Pit group separator.

Create drainage.4dbutton

Create a drainage.4d file.

14.5 Editing the Drainage.4d file

Position of option on menu:  Design =>Drainage-Sewer =>More=>Edit drainage.4d

On selecting the Edit drainage.4d option, the Edit drainage.4d panel is displayed.

Select the Find button to search the 12d path for the
current drainage.4d file. Select the More info button

801D e 4 (=3
Drainage.4d [drainage.4d | F®———and then Edit to edit the file.

|
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The drainage.4d file contains Manhole and Pipe commands. 12d also uses the Manhole commands to
specify a pit group by using the prefix “group”. Details follow.

Headwalls

The pit type “Headwall” (case sensitive for Drains) is reserved for the inlet headwall for a conduit.
Drains does not use this for an outlet headwall.

If the inlet type is On Grade or there is no bypass pit, the grate level is exported as the Drains surface
level. If the Inlet type is marked as a SAG pit then the surface level will be calculated from the low
point on the catchment string (catchment set #1). Also see SAG Inlet Calculations.

Pit Families

Version 2+ of the Drains clipboard interface uses a pit family to describe the kerb shape and option-
ally, the name include the road crossfall and/or grade attached as a suffix.

An example pit group is the drainage.4d file is shown below.12d uses the road grade and/or the road
crossfall to select which pit family should be sent to Drains. In this example the road crossfall would
not be used in selecting the pit family.

It is up to the user to decide the grade when the next pit family should be used. In this case the
threshold value for the gutter grade is set midway between the published values of the inlet curves.
For example at a gutter grade of 2% 12d starts sending the NSW RTA Pits - 3% slope pit family.

The pit families listed on the right must match exactly with those in the Drains pit database.

Pit Types and Pit Sizes

Each Drains pit family has several pit sizes. The Drains pit sizes link to the12d pit types and there-
fore all Drains pit sizes should exist in the 12d drainage.4d file.

The pit size will be read back from Drains into 12d as the pit type so that it can be placed on the
drainage long sections and pit schedules. If no matching pit type is found in 12d then a character will
be dropped off the end of the Drains pit size and 12d will be searched for the new shorter pit type.
This will be repeated till a match is found (or there are no more characters in the Drains pit size).
Pipe Types

The pipe type selected in 12d must exist in the pipe database inside Drains. Simple “2” for class 2 or
“RCP ““do not exist in Drains.

14.6 Setting the Overflow Route, the Pit and Pipe types

Position of option on menu:  Design =>Drainage-Sewer =>More=>Drainage 10 Defaults

On selecting the Drainage 10 Defaults option, the Drainage 10 Defaults panel is displayed.
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B Drainage 10 defaults

[esign Progran |Drains

Drainage model [

12d pipe types [Concrete, under roads
12d manhole bypes 0.9 m lintel {all grades)
Default pit group [ RTA 54 Inlet

[CREREN KR

Defaulk road shape |

Dirains
Drains database file [C:fProgram Files/Orains/Program A
Drains pipe bypes |Database not loaded

Drains Owverflow Route Shapes  |Database not loaded

REEY

| chiice ok

Set all pipe tvpes| Set all pit bypes | Set defaults Finish |

The routine changes ALL of your pit and pipe types in a model to a single value. If you have changed your
drainage.4d file after creating you drainage network, the pit and pipe types you originally selected may no
longer be valid (i.e. in the drainage.4d file).

Field Description Type Defaults Pop-Up

Design Program choice Drains Drains, PCdrain

The drainage model to be updated.

Drainage model file

The drainage model to be updated.

12d pipe types  choice values from drainage.4d

Set all pipe types will set all pipes in the model to this value

12d pit types choice values from drainage.4d

Set all pit types will set all pits in the model to this value

Default pit groupschoice values from drainage.4d

pit definitions in the drainage.4d file that have group as a prefix are included.

Default road shapechoice values from drainage.4d
type the desired name or if using Drains select the desired shape from the Drains Overflow route
shapes.

Drains Tab

Drains database filefile

pressing enter in this field will start a search for the Drains database dump. The search path is the
specified folder, C:\Program Files\Drains\Program then C:\Program Files\Drains\Demo\Program. If
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the file is found the choice fields below are populated. It is highly recommended that this file be in the
12d working folder.

Drains pipe typeschoice 1 values from Drains file

the pipe types are retrieved from the last Drains database dump. Changing this value will update the 12
pipe types above.

Drains Overflow Route Shapeschoice values from Drains file

the overflow route shapes are retrieved from the last Drains database dump. Changing this value will
update the Default road shape above.

Set all pipe types button

all pipe types in model are set to this value

Set all pit types button

all pit types in model are set to this value

Set defaults button

the defaults for the Drains Overflow Route Shapes and 12d pit group are set

Finish button

removes the panel

14.7 Drains Version 2+ Requirements

Pit Names

The 12d pit names cannot be more than 9 characters long. 12d uses 2 additional characters to the pit
name at export time create names for the pipes, overflow routes and catchments. For example pit “A-
17 will have a bypass route “F A-17, a catchment “C A-1" and a downstream pipe “P A-1".

Bypass Flow (Overland Flow Routes)

There are 3 requirements for Drains bypass flow (bypass pit, pit inlet capacity curve and road grade/
crossfall).

1. Select a pit type that has ongrade or sag inlet capacity curves defined in the drainage.4d file. The
Drains and 12d databases must be in sync.

2. Bypass strings in the Bypass route model specified (Network editor->Global->Utility Models-
>Bypass flow model. For more details see Bypass Flow.

3. Road grade and crossfall calculated (Network editor->Global->Utility Models->Road design file)

The overland flow strings are not allowed to pass through the outlet pit on the network.

SAG Inlet Calculations

SAG inlets are inlets where the water ponds at the surface rather than flowing past. If a SAG inlet
has a catchment string the overflow depth and volume are calculated. The catchment string from Set
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#1 is draped onto the design tin and the lowest point in found on the draped string (stored as a 12d
pit attribute overflow level. The storage volume inside the string up to this point is measured and
stored as a 12d pit attribute overflow volume from level. and are subtracted from the to determine

The Max Ponding Depth = overflow level- grate level

If the manual flag is selected for the "sag pit pond depth", 12d will NOT calculate the value but
will use the value entered by the user. 12d will check if a volume has been calculated before or
imported from Drains. If the volume exists then it is exported. If it does not exist, this ponding
depth will be used calculate the ponding level (depth + grate level). The ponding level will be
used to calculate a ponding volume from the design tin and the catchment boundary.

If you want to manually delete this volume and force 12d to recalc to volume using the user
defined level, delete the pit attribute, "overflow volume from level". To delete the attribute use
Strings->Properties->Attributes, select the pit, go to the pit tab, right mouse select the row with
this attribute and select delete).

Results

Drains exports the maximum data from all of the rainfall events analysed. Therefore, ensure you
analyse only the rainfall events desired before coping the results to the clipboard. To verify the
data that is being sent to 12d, copy the data into a spreadsheet so you can view it there first. The
pit sizes selected in Drains will be stored in 12d as the pit type. Therefore the pit sizes in Drains
should exist as pit types in the drainage.4d file. If pit families are changed in Drains the pit group
in 12d will be updated by search for the pit family in the drainage.4d file.

14.8 12d to Drains

Setup your drainage network models and ensure they have been assigned pit names.

1. Copy the data to the clipboard

T N =L FromtheD'rainage
odel [ranage network | 5tting [mmatnork pit i network editor select
the Import/Export
| SetPitMames | [Set Cakchments | | Set Pit Details | | RegradeTipes | button.
[ Skrimg Editor ] [ Flaot ] [ IrnportfExport ] Skorm Analysis ]

|
(pickedit] +|(a](F](r]) (<= J[ == ][ apply ] [Finish | [ Help ]

The following interfaces dialogues will appear.
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B Drainage Metwork Editor: Import/Export

EEX]

Spreadsheet options

Drainage model |drainage netwoark |

Tio Farmat |Drains clipboard - Yer 5 Rati

i file name |clipboard. bt A"|’j1’
@ Expork
Export catchment details
Export bypass Flow details \
Export pipe inverts and sizes ;

e R

Filled in from the editor.

Select Drains clipboard -Ver 5 Ilsax
L or Rational.

| Data is stored in this file as well as on
the clipboard.

— Select Export.

M Not used by Drains

Use the Run button to copy to the
clipboard.

=V

2. From within the Drains program select Edit =>Paste data from spreadsheet. If you paste the
data into a Drains project that has a hydrological model and rainfall data already defined the

project will be ready to run.

3. Use the Drains Run=>Standard design to design your pipe sizes and invert levels. The
Run=>Advanced Design will select the size of the pits as well.

14.9 Drains to 12d Update

The following steps are required to update the 12d model with the Drains hydraulic results and

changes to the pipe sizes and inverts.

1. To update the pipes and invert levels in 12d, select Edit->Copy Data to Spreadsheet from the

Drains menu.

2. From within the 12d Drainage network editor select Import/Export.
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Drainage Network Editor: Import/Export

Drainage model
I/Q Format

I/ file name

() Export

Spreadsheet options

@' Import
Hold obverts on impart

Generate plan resulks

|drainage netwaork

|clipboard. bt

|
=

Drainage plan PPF n. drainplanppf J
Madel for plan results RN FLAM PLOT ﬂ
Full clean of model beforehand ]

Gemerate long-section resulks

Drainade lang-section PPF

ng_A1.drainppf

Model stem For long-section results DRM LOMG PLOT

Clean model(s) beforehand

]

F in by the editor.

Select Drains clipboard - Version 5

# | Leave as clipboaard.txt
[Drains clipboard - Yer 5 Rational |

&

| Select Import

This will ignore the invert levels read

from Drains and the current pipe
obverts will remain fixed.

Plan and long section drawings may be
created at the import time so that you
can see the results on the drawings.

Select Run to update the drainage
model. To see the changes in the section
views you will have to select Regen on
the section view toolbar.

To return to the network editor select
Edit

IMPORTANT: THE DATA MUST BE PASTED BEFORE THE RESULTS!

12d erases the hydraulic and hydrology data when the physical data is updated. Therefore,
always paste the data before the results.

14.10 Drains Mapping File

The rational format and the ilsax format have separate mapping files.

The Drains spreadsheet format consists of sections starting with a header, then the data area and
ending with a blank line. The mapping file defines the format of the section headers and the for-
mat of the data within the sections

Revised July 2008

12d Stormwater Course - Part 2 Notes: Page 69 of 110



12d Solutions Pty Ltd

Civil and Surveying Software

COURSE NOTES
STORMWATER DESIGN - Part 2

4 __A B C D E E G H L
1 Irl-i'IT,-"I'S.IIi][JE DETAILS Wersion 9

2 | Name Type Family  Size Ponding Pressure Surface Max Pond Base

3 H d Volume Change Elev(m) Depth({m]inflow |
4 ea er {cu.m)  Coeff.Ku [cu.m/s
5 ?2 Mode Sutherlan 0.85 m lini 1 1 26451 0

6 |A3 OnGrade Sutherlan 0.85 m lind 1 1.2 27.194 0

7 |4 OnGrade Sutherlan 0.85 m lind Data 1.2 27.92 o

8 |AS OnGrade Sutherlan 0.85 m lind 1 1.2 28.872 0

9 Y1 5a MN5W RTA S5A1 1 2 28.492 0.0658

- nk I ine ,
11 |DETENTION BASIN DETAILS i
12 Mame Elev Surf. Area Init Vol. [c Outlet Ty K Dia{mm) Centre RL Pit Famil;
13 !
14 |SUB-CATCHMEMNT DETAILS

15 |Name Pitor Total Paved Grass Supp Paved Grass Supp
16 Mode Area Area Area Area Time Time Time |II
17 (ha) %o %o Yo {min) {min) {min)

13 CA2 A2 0.039 80 20 1] 5 10 Er
13 |C A3 A3 0.0408 g0 20 0 5 10

20 |CAd4 Ad 0.0705 80 20 1] 5 10 ':f

The headers in the mapping file define the exact text to be exported in the Drains section headers.
During an import the first 4 columns of the Drains header are compared to the headers in the map-
ping file to determine which section is being read. The data format line is then used to decode the the
data.
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15.0 Running XPSWMM and RAT2000

The drainage design with all three of the XP software programs follows the same methodology.
The process is substantially automated with the XP-SWMM program so that the XPX file is auto-
matically read by XP-SWMM and automatically created when leaving XP-SWMM.

Drainage design with XP programs includes the following steps.
1. 12d creates an XPX file that is read by the XP programs.
2. The XP program is then run in the design mode to determine the pipe sizes and invert levels.

3. If bypass and overland flows are to be modelled then the inlet capacities need to be defined and
then run the XP program in the Full Analysis Model.

4. The XP program creates an XPX file for 12d to import.

15.1 xpstorm and xpswmm bypass requirements

12d will select the inlet capacity curves for the xp programs when the following bypass settings
are complete
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I Drainage Network Editor - O] x|

Catchmert Pt |pipe | DEFAULTS | GLoBAL |

—iZurrent pit

Ptname [E1 it bype l|o-5 kak | ] 4
Main I Setouk I"-Ju:utes I

—Bypass Flow | Inlek capacity Fackors

Bwpass pit IDI [ 2 T

On-grade pit |- 3
Manual [~/ Road grade Ii%ll 2009 B 4
I3

Manual [~ Road xfalll (%)

Choke I:minl:ur1 | Chioke {majory, | 5

;
Marmual [ MMawx pond depth | . ‘

Choke (rincr | Choke (majary | 5

L \‘____‘__ —‘\L“__E '-.‘\ "-.1__“_‘“-‘ ~ T — | L

— 2T ™ \"n.___‘\ _ "_".d\—--_ _‘-i-\‘_-_
Setu:uut I Bypass I [okes I

Cover BL mode | zl Cover RL |29.3?434 .
Erate BL mode | zl Grate FL |29.22434 H
Pit: diameter |1,1 ﬂ Sump, offset I

—Inlet data

ko method | _I Ku

K config
Inlet conmfig |o|-, grade Pit 3 t pit FIn:-w
T \ __ T—

L-‘__'\.'-_T-\_"'\ T

1. The 12d pit type

determines the inlet
capacity values or
curves to be selected
from.

. The bypass pit must

be defined for the
pit. If the bypass pit
follows the pipe net-
work a xp-multi link
with a natural chan-
nel is created. Other-
wise a xp single link
is created. The
default xp natural
shape is “Road Sec-
tion”

. The Ongrade/SAG

pit on the Main tab
determines whether
depth or approach
curves are exported
to (details below).

. If ongrade is selected

then the 12d inlet
capacity curves may
be selected by road
grade, crossfall, both
or neither. (details
below).

5. The 12d choke factors will be exported as the xp inlet effeciency factor (1 - 12d choke).
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The numbers below relate the the same numbers in the 12d panels above.

[ L
R e it i R ol .
. TR, 2. Inlet capacity is turned on
it (& _iniet capacty 2 | e when 12d has a bypass inlet.

onztant Infln}

Inflow |'_[| 3. 12d Ongrade inlets export
as Rated by Approach

.\I;P@:T Flow and 12d SAG inlets

export a Rated By

Approach Depth with

depth calculated by Node

Storage Characteristics.

Il Inlet Capacity : Mode F1

Maximum Capacity n |

Efficiency Factar 1. § |

el |x

5. The minor/major selection

FiEkEakseie Tape is the 12d export panel

{0 Maimum Capacity Only determines the effienciecy
factors th Xpor
@ Rated By Approach Flow | OGHGR 2 | actors that are exported/
3 Efficiency factor =
& Rated By Approach Depth | 0G KGR 2 | 1.0 - 12d choke.

Calculste Degpth By @ Mode Starage Charateristics

-

[ @ Eawement Characteristics
(IS0 Nl P Wy - Al

12d Inlet Capacity Curve names

Below is an extract from the drainage.4d file for Canberrra rating curves.
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[P drainage.4d - Notepad -0 x|

File Edit Format
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Wiew  Help

S 0G =
L5 LR =
S5 =
S/ KG =
A4 MLEBE

oy

S

[Manhole

on-grade

SA AT Inlet charts
SF from Full scale model studies uniwersity of South austral

Tow point
Tow point

kerbh &

gutt 2r

= modified layback kerh

"oE ke R

cap_config G

S MEG = median kerb & gutter

R = ‘R’ type kerbh inlet sump
SLoas = a5 type inlet

SF  ®x = gutter slope

S Wote: all the ratings are for 3 crossfall.

<3
road_grade 0O

1

oo L7} L7} -
coord  0.005% 0,
coord  0.01 0,01
coord 0,015 0,015
coord  0.02  0.02
coord  0.025% 0.029
coord  0.03  0.03
coord  0.035%  0.035
coord  0.04 0,039
coord  0.045% 0.0423
coord  0.0% 0.0455

| o

1. The manhole is the inlet type selected above.

2. cap_config G forces the inlet to be used as qa 12d ongrade inlet. An S would be SAG and an M a

manhole.

3. The curve name indicated here is exported as the xp inlet capacity curve.

4. The curve name will be exported starting at road grade of 0. Since one curve has a road grade
value all curves must have a road grade value and the user must have a road grade calculated on

the 12d bypas

s tab.

15.2 12d to the XP Programs

The x,y pit layouts and the cover/surface levels are obtained from your drainage network while the
catchment and overland flow data comes from the models specified in the drainage interface dia-

logue.

The steps required to transfer the data to the XP programs are as follows.
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1. Setup your drainage network models.

2. To create the XPX file for XP programs start the Drainage Network Editor and select Import/
Export

The following interfaces dialogues will appear.

B Drainage Network Editor: Import/Export E|E”g| Select XPSWMM or RAT HGL
/ from the drop down list.

Drainage maodel |drainage network .
Enter the name of the xpx file to
/O Farmat [P Shemam
be created.
i file name |clipboard. xp ]
Select Export
(&) Export  <—— ..
Export catchment details -— Not used at this time.
Export bypass Flow details Finally, Select the Run button to

Expark pipe inverts and sizes [+] )/ create the file.

Spreadsheet options

[<]

| |

| =
T B T

If exporting to RAT-HGL the following dialogue will appear.

| If you are using old versions of RAT-HGL (1996 or

earlier) select use Local otherwise select 4D units

Coordinates:  Lacal [ 40 units v . .
. . _ | (eastings and northings).
|Expart 40 coordinates as is —
Process] Select process.

3. The XP SWMM program will automatically startup and load the XPX file.

From within RAT-HGL, either select File =>New and follow the input prompt or load a file
that contains all of the pit inlet rating curves, hydrological and design data without a pipe net-
work. Many users have such RAT-HGL files setup so as to streamline the design process.

The xpx file for RAT2000 will have the file startup.xpx added to it so that you may include all
the startup global data that you require. The

Fixed inlet capacities and rating curve names indicating road grade and crossfall may be set in
the drainage.4d file. The format for these names is pit name-crossfall-road grade (ex SA2-3-
4). These curves must exist in this file.

4. To read in the pipe file created above, select Special =>Import Data and select the xpx data
file. Warnings will be given stating that several fields are inactive. This is expected as more
data is sent to RAT-HGL than is needed at this time. Select the Close Square on the Help title
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area and the pipe network and catchments should now appear on the screen.

5. If you want RAT-HGL to redesign you network, change the analysis mode to Design mode by
selecting Special=>Job Control and Select Design mode. Do not do this if you want to analyse
the network you layed out in 12d (used for existing systems).

6. Select the rainfall events to design/analyse and the LB (twice) on OK to return to the layout. Now
select the outlet and enter the starting tailwater levels.

7. Now you can run RAT-HGL (Special =>Solve).

15.3 XP Programs to 12d

Once you have your design finished, the following steps are required to update your 12d model. Your
design may contain several return periods in the analysis (Rpl to Rp7) but 12d reads only the results
from Rpl. The following table is taken from the RATHGL output file (*.out extension) and the
results indicated are read back into 12d via the xpx file.
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HGL PIPE NETWORK ANALYSIS SUMMARY RETURN PERIOD 5 YEARS
PROJECT:12d DRAINAGE LAYOUT

[ITEM DIM| RESULT

RN - 1 2 3 4 5 6

NN - 11 21 12 31 13 14

DN - 12 12 13 13 14 14

MT - 99 99 99 99 99 0

DHGL M 29.258 29.258 28.139 28.139 27.269 .000 DS HGL
DD M 225 375 .375 .300 .450 .000 Diameter
DCTL HGL HGL HGL HGL HGL

DO M 225 375 .375 .300 .450 .450

QO M3/S .033 .181 .237 .075 .334 .353 Flow
VELD M/S .826 1.639 2.148 1.065 2.100 .000

NORM M .106 .264 271 .153 .289 .000

CRIT M .152 .314 345 .215 .396 .000

KP - .00 .00 .00 .00 .00 .00

SF M/M .0040 .0082 .0140 .0046 .0107 .0000

LEN M 4593 18.44 5465 31.31 4991 .00

HGLP M 29.444 29.409 28.905 28.284 27.802 .000 US HGL
DU M 225 .375 .375 .300 .450 .000

VELU M/S .826 1.639 2.148 1.065 2.100 .000 Velocity
UCTL HGL HGL HGL HGL HGL

KU - 150 150 150 1.50 1.50 .00 Ku

KL - 1560 150 150 150 1.50 .00

KR - 1560 150 150 150 1.50 .00

KW - 150 150 150 1.50 1.50 .00 Kw

UHGL M 29.496 29.615 29.258 28.370 28.139 27.269
LHGL M 29.496 29.615 29.258 28.370 28.139 27.269
RHGL M 29.496 29.615 29.258 28.370 28.139 27.269
UWSL M 29.496 29.615 29.258 28.370 28.139 27.269 HGL PIT
MWSL M 30.297 29.615 29.403 28.875 28.340 27.369

AF M3/S .033 .207 .023 .094 .040 .000

IF M3/S .033 .181 .023 .076 .023 .023

IC M3/S .036 .227 .026 .076 .023 .023

BF M3/S .000 .026 .000 .019 .017 .000

ID M .000 .000 .000 .000 .000 .000

TW M .000 .000 .000 .000 .000 .000

IVEL M/S .000 .000 .000 .000 .000 .000

IvD M2/S .000 .000 .000 .000 .000 .000

FC - * # # #

In addition to the results, the following input data is read back into the 12d model so that it may be
exported back to RATHGL in the future (if required). 100% of your RATHGL data is not included
in the XPX formats and the contents of the XPX file will depend upon your design mode. There-
fore, use caution if you read an XPX file into an existing RATHGL model and check your data
once inside RATHGL.

1. From within RAT-HGL, produce an XPX file for 12d to read by selecting Special=>Export
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Data and following the default prompts.

2. From within 12d, select the Import/Export button on the Drainage Network Editor.The follow-

ing panel will appear.

B Drainage MNetwork Editor: Import/Export

EEIX]

Select to select RATHGL or XP-
SWMM.

Drainage maodel |drainage network

Holdrabwverts on import

Generate plan results
Crainage plan PPF

|;|n.drainplanppf _J|

Maodel for plan results

RN PLAN PLOT ||

Full clean af model beforehand

Generate long-seckion resulks
Drainage long-section PPF

O

|nn;|_.ﬁ.1 drainppf _J|

Maodel skem For long-section resulks

Clean model(s) beforehand

DRM LOMG PLOT

I/ Format [P Swemr |
1/O file name [clipbaard, xpx | _;‘l" Select the file name specified in
step 1
{:}Expnrt P
Spreadsheet options
I ||
|| =
[ Select Import.
() Import 4—’ ’ P

[

Select Run to update the drainage
model and import hydraulic/
hydrological results.

| Back to Editor | [

Help
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16.0 Detailed Drainage Plan Drawing - Creating MH Symbols

There are many methods to create the drainage symbols and one is presented here. The pit symbol
is drawn so that the symbol “sits on” the road string that it aligns with (the road string is the y ref-
erence). For drawing lintels and grates, assume the road is downhill to the right. See diagram
below.

Two symbols are required, one for the left side of the road and one for the right side (referred to as
the mirror symbol in the plan ppf). 12d checks the downhill direction of the road strings when
using these symbols to determine which is the left and right side of the road.

Either draw your own symbol or import the symbols using File IO->Data Input->4ds/12da data
and selecting the file inlet symbols.12da

symbol insertion point is the Symbol is centred on the x=0 and
manhole centre or setout point “sit on” the y = 0.
(x=0, y=0.95 in this case).

24 + +
} I
)

9 j j
¢
!' |
"\.

% o + + +

I I = r =t

Road string (dark green) that
manhole symbol (black) “sits

2

on .

To create the symbol in 12d draw the left pit symbol in a model by itself. The pit should “sit on”

(14

the zero “y” grid line. A 900 wide by 600 long inlet with a 1.2m lintel is shown above.
From the main menu, select

Project->Tree

Expand Project then expand Symbols and finally select Create Symbol.
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Enter the Symbol Name. Usually the name
includes the size.

B Symbol Create/Edit/Delete

Option

Symbal name

Group Qid ﬂ

Sl 5rpie wiarld ‘\L‘\ ~Select the Group the symbol is to appear in
Diata Input the symbol drop down menu and select

% | V| E| |:|| D| ‘g:l| g_,‘>| 2|V | | World as the symbol type.
Madel Wﬂ

Mo embedded colours in symbol Select the model that contains the manhole

Origin P H drawing.
Crigin v |D957 hlh .
T |_Enter the x,y location of the manhole cen-
“l"j tre in your drawing (0 is different then
|
Process will create the symbol in the
project.
[choice ok 40— Change the symbol name, origin y and

[Process| [ ke | Finish

Write will add the new symbols to the symbols.4d file so that they will be available to other projects.
Leave this panel open as we will need it after we create the mirror image of the pit.

To create the mirror image of the symbol about the x axis use the CAD mirror about X axis com-
mand. 12d will require you do this one string at a time. Version 7 does not mirror into a new model
so you will want to duplicate the pit symbol model first using Utilities->A-G->Duplicate.

| Duplicate\ E|E|@

Daka data ko duplicate

2| <] @ @] @] v o] v
Madel pit symbol left 55

Mews model Sit symbol mirron 52

[ Model <pit symbal left > exists

v e | PO o

Cad Mirror X Axis

Qupliu:ate| Finish | Help |

Now repeat the process of creating the right side mirrored symbol. Note that the location of the pit
centre is now negative and add the suffix mirrored to the symbol name.
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Do not forget to select Write again to save the symbols to the symbols.4d file.

These symbols can now be used in the Maintenance hole tab of the Drainage Plan Plot ppf editor.
If your version of 12d supports, native-size symbol, in the ppf editor then use this mode. If not,
select scalable symbol and enter the size equal to the full width of the symbol (height if it is
greater).
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17.0 User Defined Attributes

These drainage attributes are automatically created by 12d when required but you are free to change

them or add more as desired. The attributes may be exported to a spreadsheet and edited and then
imported back into 12d. To edit/add the user defined attributes within 12d select either

Strings=>Properties=>Attributes or

Strings=>User=>Attribute Editor. This second editor is described below.

—
Pt || [(e=prev | [Mext=> |

List all attributes in model

Auto seleck list

Attribuke Mame Type Ciaka
L ko il extj ot faund @

First Select Pick to select the string that

contains the user attributes (the drainage
string). The strings will be highlighted in
white when they are selected.

All catchment data is store with the pits in
drainage strings. To access the pit attributes,
—select the drop down icon and then select
pit. A circle will be drawn around the pit
selected. Next and Prev will now move you

2 |[approach flow | J @ from pit to pit.

3 [aumpievel | | [Real| ] 26,5531 @ Select the drop down icon and then select

# [pit symbol bearil| & J [Real & J [269.999934  [BBIthe Attribute Name from the list of existing
5 Joverland profile | & J [Text| & J W J user defined attributes. These attributes

& |larea El [Real| = J [0.134229 J include all of the attributes in the model that
G~ o ch Flow | j Real j Fatfomnd. | @ the string exists in.

8 [overflow volume| | [Real| %] [notfound ||

9 [ptname |7 [fext|w| [ ||

10 [overr || [Real| 7| Emamizs ||
| choice ok

[Process | [Getdata]  [Deleteal] | Finish |

They may not be defined for the pit you are editing. Not found will be displayed in the Data field if
the pit does not have that attribute defined.

To change the value for the attribute enter
the new value in the data field. If the
attribute does not exist, deleting the not
found text and adding data will create it.
The message on the right will be displayed
whenever you are creating a new attribute.

i Pit Attribute Creator [_ [57] |

Iv
-

|Yuu are about o create the pit attibute <inspection date: hpe Te

Create new attribute
Abort
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17.1 Drainage Pit attributes

Pit attributes are created and/or updated when the user selects Set Pit Details.

pit length real 0 mhsize (first value) from drainage.4d file
pit width real 0 mhsize (second value) from drainage.4d file
pit group text mhgroup from drainage.4d file
cover rl real 446.685248

grate level real 446.685248

setout z real 446.685248

setout X real 299643.648

setout y real 6563620.716

setout distance real 0

pit name text 1-3

pit type text SA2

pit diameter real 1.1

pit chainage real 118.61441375

pit centre x real 299643.648

pit centre y real 6563620.716

pit centre fs level real 446.685248

pit centre ns levelreal 446.685248

ds invert real 445.307  upstream invert level of exit pipe
ds pit text 1-2 ds pit along the pipe network
sump level real 445.307

pit depth real 1.378

Extra Atttributes from Pit - Main Tab

cover rl mode  integer 1
design freeboard real 0.4
direct flow real 0.02
grate rl mode integer 1
inlet type integer 0
ku real 0.2
ku config integer 1

ku method integer 1
kw real 0.22
sump offset real -0.2

Extra Attributes from Pit-Setout Tab

road chainage  real 10

road chainage modeinteger 2

road name text My Road
road offset real 12
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setout adjustmentreal -1
setout adjustment zreal 0.045
setout Xy mode integer 0
setout z mode  integer 8

Extra Attributes from Pit-Bypass Tab

bypass pit text 12.4P

choke major real 0.8

choke minor real 0.7

choke pog major real 0.8

choke pog minor real 0.7

inlet capacity curvetext Sutherland - 3% crossfall
manual pit grade integer 1

manual pit xfall integer 1

pit grade real 1

pit xfall real 3

Extra Attributes from Pit-Notes Tab
reamrks text constructed by others

Setout string selected

design model id uid 52

design string id uid 61

pit symbol angle real 81.48609728

pit symbol bearingreal 8.51390272

pit symbol bearing dmstext 8°30'50"

pit grade real 4.00 if bypass pit present

Centre line string selected (with bypass and setout)

pit xfall real 3.00 if bypass pit present

centre model id uid 52

centre string id  uid 92

mirror pit integer 1 mirror symbol required for plotting
Bypass Pit entered

bypass pit text 1-2 next pit along bypass string

inlet type integer 1

choke major real 0.8 ongrade or sag choke (see sag setting)
choke minor real 1 ongrade or sag choke (see sag setting)
inlet capacity curvetext SA2 3% Grade

calculate if pit grade and/or pit xfall present
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(pittype-inletcapcurvesdetermineswhicharerequired)
pit grade real 4.00 if setout string selected
pit xfall real 3.00 if centre line string selected

The following require the bypass string (manual entry of bypass pit is not enough).

bypass distance real 33.995 distance to bypass pit

gutter length real 99.79 dist. up the bypass string to next pit or end of
string (longest bypass route if multiple)

gutter grade real 2.70 (us pit fs levels - ds pit fs levels) / gutter length)

Catchment Tab data
area real 0.1
percent imperviousreal 60

Pervious Area only
¢ major pervious real 0.9
¢ minor pervious real 0.8

For both pervious and impervious (change pervious to impervious)
catchment grade perviousreal 1

catchment length perviousreal900

catchment roughness perviousreal(.1

tc major perviousreal 5

tc method pervioustext Kinematic Wave
tc method pervioustext Direct

tc minor perviousreal 5

Export Pit Atttributes (calculated when Export selected on Import/Export button))

inlet type integer updated to include 5 for headwalls

ds pit string id  uid drainage string id for the ds pit

ds pit index integer index number of the ds pit (counter along the string)
area impervious real Y%impervious * area for set 1

area pervious  real Jopervious * area for set 1

area impervious?2 real Y%impervious * area for set 2

area pervious2  real Jopervious * area for set 2

area impervious3 real Joimpervious * area for set 3

area pervious3  real Jopervious * area for set 3

pcdrain pit type type pit type with the pcdrain suffix (S + pond depth)

Export Pipe Atttributes (calculated when Export selected on Import/Export button))
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locked diameter real
locked invert us real
locked invert ds real
windes diameter real
roughness n real

roughness k real

17.2 Drainage Pipe attributes

Set Pit Details

invert us real
invert ds real
diameter real
pipe size text
pipe type text

roughness text  text
calculated pipe lengthreal
calculated pipe gradereal

pipe diameter (exists only if pipe locked)

pipe us invert (exists only if us invert locked)
pipe ds invert (exists only if ds invert locked)
if pipe type is WINDES, value is neg diameter

if “roughness type” is Manning then roughness value
otherwise it is 0

if “roughness type” is Colebrook then roughness value
otherwise it is 0

28.47
28.422
0.225

225

2

n=0.010
9.58175349
0.50095215

calculated pipe grade 1 inreal199.6198644

calculated us deflectionreal
calculated ds deflectionreal
pipe name text
minimum cover real
calculated drop real

71.75414547
-36.3032794
12.5P to 12.4P
1.04113728
0.03

Additional Pipe Attributes created via Pipe Tab setting
design alignment modeintegerQ

design cover real
design cover modeinteger
design drop real
design grade real
design size mode integer
diameter real

direct pipe flow real

lock ds il integer
lock size integer
lock us il integer
max height real

0.4
0
0.03
0.1
0
0.225
0.01
1

1

1
0.6
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min height
remarks
roughness
roughness type
width

width top
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real
text
real
text
real
real

0.3

extra pipe notes
0.012

Manning

0.225

6

12d Stormwater Course - Part 2 Notes: Page 87 of 110



12d Solutions Pty Ltd

Civil and Surveying Software

COURSE NOTES
STORMWATER DESIGN - Part 2

18.0 Detailed Drainage Plan Drawing

12d drainage has the capability to create detailed drainage plan drawings with the following features:

screate symbols at the inlets and the type of symbol is controlled by the inlet type (given when you create
the inlet).

screate text labels for inlet types and user defined pit attributes

sdraw lines with line styles and colours to represent pipe sizes

screate text labels for pipe diameters, inverts and user defined pipe attributes
screate text labels for house connection types, invert levels and chainages
sindicate direction of flow on pipes.

An example is shown below

Usage
This option is accessed from the menu selection

Design => Drainage-Sewer => Plots => Plan Annotations
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B Drainage Plan Plot PPF Editor

Plok parameter Fils | J Read Wrike

=~ Drainage Plan Plok Load design details from

—I- Pipes li ﬂ

Pipe diameter labels

Pipe IL labels Save plot annotations ko
Pipe atkribute labels ﬂ

=/ Maintenance holes Clean plot model beforehand lsmart clean ﬂ
MH narne labels )
MH diameter labels Set colours as string names [
MH depth labels
MH chainage labels
MH attribute labels
MH setout poinks

—|- House connections
HC name and kype labels HC addifional fextlabagl
HC 1L labels Hlf chainage label Pipe
HC chainage labels HC' 1P label \
HC additional text labels

Eubbles .,.ar HC' frpe label
Flaw arrows ﬁt
‘% m‘?ﬁ
_..:g,
Fipe diamefer label
\ Flow arrow
House covmacfion

Plat; Find Finish

The fields and buttons used in this panel have the following functions.
Field Description Type Defaults Pop-Up

Plot parameter file file box

Optional - no dpf is required. The default settings will create a schematic drainage drawing. A custom
dpf may be selected if desired.

Load design details from model box

data source for drainage strings to be labelled

Save plot annotations to modelmodel box
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labels to be created are stored here, Undo will remove the labels created

Clean plot model before hand choice box

smart clean will update text that has been moved and clean the rest. Full clean will all text from the plan
annotations model.

Set colour as string name tick box
when selected the string colour will be used for the string name (to be used for DWG/DXF export using
map files)

Plot button

Creates the labels in the model specified

Find button
used to locate plot parameter input boxes using Version 5 plot parameter names
IMPORTANT! to turn off any data change the text height to zero.
Select Maintenance holes from the tree to set the symbols to be used for the various pit types.

Select the MH type as desired and use scalable symbol and setout point. For the symbols enter the
names that you used when you created the symbols.

Drainage Plan Plot PPF Editor

Plot parameter File || Bidrainage_design.drainplanpp |_,'I| Read
[= Drainage Plan Pl | Mainkenance hole representation
Pipes MH symbol direction mode |E
Maintenance | 14 symbal angle (dms) E
House conm
Eubhles IUse road direction where possible
Flows arrows Ilse MH |abel direction For Text mode
rH rH Inserkion MH Swmbol | MH Symbol | Justificatic | Size | OFf
Twpe Maode poink of Texk mikrar irmnage
1 |1 m side entry pit  scaleable symbol | setout point  ZX1LEFTS | 2X1RIGHTS 1
NERNGIE . g g ol s |
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i ) Plotting a symbol at
B Drainage Plan Plot PPF Editor the pit setout point is

a good confirmation

Plot parameter File | B\drainage_design. drainplanpp ||ij| of the data printed in
the setout reports.
= Drainage Flan Flot MH setaut points The settings to create
Fipes Draw setout painks this symbol are
= Mainkenance holes Setout symbal S 'E‘| shown on the left
MH name labels _ = ’
MH diameter labels Sl 22 0.2 e
MH depth labels Symbal colour magenta ||
MH chainage labels I%“E”
MH attribute labels
MH sekouk poinks
House conneckions %
Bubbles
Flow arrows
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19.0 Drainage Long Section Plotting - Hatching Under Roads
The drainage long section plotting has been discussed in the Intro Drainage Course. Here we will
discuss the technique for hatching under roads and/or footpaths.

The following steps are required.

1. Run the Excavation volumes routine using the obvert templates to create sections and strings for a
tin on top of the pipe (obvert tin). Select Stop section at end of manhole to prevent the pits from
being hatched

2. Create the obvert tin from the strings and sections then and null by angle length with a small
length value so that the tin is nulled near the pits.

3. Create a design tin that extends to the limit of the roads.

4. Use the hatching section of the drainage long section plot to select the hatching style.

19.1 Creating the Obvert strings.
Run the Drainage Plan Plot by selecting Plot from the Drainage Network Editor.

M Drainage NetwnriEditnr: Plot E||E| E|

Drainage madel |drainage network

Generate plan annokations

Drainage plan PPF [y p— ﬂ Selegt the drainage_design ppf file from
: - the library.

Model For plan annokations SRM PLAMN PLOT ﬂ

Full clean of model beforehand dl Select the folder icon then Open the ppf.

Generate long-section plokls) [

I~
—

| Finished

( Plak | [BacktoEdior | | Help |
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B Drainage Plan Plot PPF Editor

Plot parameter File || ‘B\drainage_design.drainplanpp |l.fl| Read
[= Drainage Plan Plak Pipe representation
= Pipe string level mode pipe obverts V|
ipe diameter labels Pipe string verkical offset 0 et
ipe IL labels o
Pipe attribute labels Draw multi-pipes
Maintenance holes Min pipe | Max pipe | Representation Trirn (
House connections diarn diarn rnode mode
Bubbles 1|0 elelel DYWa-linestyle & krim lineskyles & h
Flow arrows — ' '
I

Confirm that the Pipe string level mode is set to pipe obverts and that all symbols with eleva-
tions are not used. This include:

s MH setout points,
s Flow arrows,
s pit symbols
Now plot the drawing and we will use the pipe strings at the obvert level to create a tin.
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19.2 Create and Null the Obvert tin

ITII_W | To create the obvert tin select.

B Triangulate a Data Source

Tins->Create->Triangulate Data
General | pata | huling |

Retriangulate function dr obvert ﬁs| Enter a New tin name as desired.

Mew Lin name rainage obwvert @|
Tin calour green .|

Tin skwle 1 2
Maodel For tin q;,|

Additional setkings

Presetve strings Remove bubbles
Weed tin ]
Cell rmethod [] Triangls data ]

[Triangulate| | Finish | [ Help |

M Triangulate a Data Source

General Data lNuIIing ] General ] Data  Muling l
Dnaka ko briangulate Angle e d_’.:H
- | = B Length I%HFE
Madel DRI PLAN PLOT ‘“"':'l Zombined angle Iﬁﬁﬂ
ombined length lﬁdﬁﬂ

Select pol
el —

[Triangulate| [ Finish | [ Help | [Triangulate| | Finish | [ Help |
Select the Data tab. Select the Nulling tab
Select the plot model created above. Enter a Length that is less than the pit

diameter and greater than the largest pipe.

Select Triangulate
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The tin will now only exist on top of the pipe and it is ready to use for hatching.

19.3 Create a Roads Only Tin

The design tin is already nulled to remove the long triangles. If the footpaths were to be excluded
from the tin then they should be removed from the road design strings. You could run a template
that did not include the footpath and has a Final Maximum slope width of zero or just copy the
desired road strings to one model and remove unwanted strings. We will use the later techniques.

Add all of the road string and kerb return models onto one view and then select

Utilities->A-G->Change

EJ|E|§| View select the view that contains all of the road
—— strings

B Change String Info

Data ko convert
Y |<|@ 5o ¢ 2l v
Wi ﬁﬂ

| 51
=
Mew pt-line bype m ﬂ
=

Target

o=0O
L L]

o=[g]
wur[E]

[E{=]

- EMEl | ol
& o Copy to model type the name of a model for all of
Copy to mode| | d only strings 5 the road strings.

| Wiew <1 exists Select Change copy the strings.

Change| Finish | Help I
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B Change String Info

Daka ko convert

| <\ ol v o] v
Wi ] Model  String Info lF‘-:uint I0's ] Palygans ] Ext 4|
Tvpe anry skring j
Marne llrﬂﬂﬁi@
—
Pt-line any string ﬂ
I
Filter Select
i
=
£
Mew pt-line bype leave asis ﬂ
—
Targek
h| D B = BE
Move to model krashi =

| & elements(s) selected From 1 model{s)

hange Finish |

Select the Filter icon at the end of
the selection strip. Now select the
Model tab and select the Name of
the model that holds all of your road
and kerb strings road strings only
(tab not shown here).

Select the String Info tab and enter
the name of the strings that you
want to remove from the road only
model. In this case it is path.

Select Filter Select to select these
strings.

Select the second Target button
Move to model and select the
model trash and then select
Change.

Repeat this for string names int.

We are now ready to triangulate the
road only tin.

Now to create the tin select Tins->Create->Triangulate data
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M Triangulate a Data Source E|:,® B Triangulate a Data Source

eneral lData ] Mulling l

Retriangulate Function road anly B |

e Hin name road only @|
Tin colour green .|

Tin skwle 1 Fan
Maodel For kin ﬂ-;.|

Additional setkings

Preserve strings Remave bubbles
Wieed tin ]
cell methad O Triangle data [

FoX

General Data lNuIIing]

Ciaka bo kriangulate

Maodel [2ad only strings| |~¢:=|
¥

| Model <road only strings = exists

-

| zmin 25,552 zmax 33,975

[Triangulats)| [ Finish | [ Help |

[Triangulats| [ Finish | [ Help |

Enter a function name (optional) and New
tin name and then select the Data tab.

M Triangulate a Data Source |Z||E,[Z|

Zeneral ] Data  Muling l

angle |5‘"7 d—’JH
Length ﬁli JFE
Cornbined angle ko= d—’JH
Combined length IE‘Di JFH

| Model <road only strings = exists |

[ zmin 25,552 zmax 33,975 |

[Triangulats| [ Finish | [ Help |

Revised July 2008

Model - Select the model containing
the road only strings.

Length - Select a length just greater than
the width of half the road so that the tin
will not be nulled from the end of the
roads.

Select Triangulate..
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19.4 Use the Hatching Feature in Drainage Longsections

We are now ready to create the drainage longsection plots. Set up a section view with the a string in
the drainage model profiled, the vertical exaggeration set, the desired tins displayed and the service
models added. From the main menu select,

Design->Drainage-Sewer->Plots->Longsections

B Drainage Plot PPF Editor

Plat parameter file | 41161 drainage. drainppf J Read| '-.-'-.-'rite|
—|- Drainage Plok Wiew to load dekails From
+ Title biock View IDES LS =]
+- Plot sheek layouk
+- Boxes Global variables
+- Chainages/Uprights Text style [Arial ﬂ
+- Datum area |7 =
+- Arrows J
Graph area Section parameters
Tap area Metwork model [drainage 35
+- Corridors ) -
+- Maintenance holes Horizontal scale |1':":":' H
+- Property controlsfHouse o Yertical exageration |1|:| H
=1 Hakchirg cukFill
Cuk Sheet size setup
Fill Sheet size wd bt (mm) |,|:|,1 ﬂ
+-Cuks
Primarsy skring name label Platker parameters
PPF's bo include Plotter bype model @
Plot: File Irainage LS plot: J
Clean plot models beforehand [always clean j
< >
| plotker ok

Plok Find Firish

From the Plot parameter file field select a drainage longsection ppf from the library and then select
Read.

In the View to load details from field select the section view you have setup for the drainage long
section.

Now select Hatching cut/fill
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Define set is set to 1.

B Drainage Plot PPF Editor

Original tin is set to

. the obvert tin.
Plot parameter file | $L1B}\drainage. drainppf g Readl '-.-'-.-'ritel

New tin is set to the
=l Drainage Plot # |/ Hatching cutyfill - Tin parameters road only tin.
- Title block, Define | Original Mew

- Plat sheek lay set # | tin kin
-Boxes 1 drainage obvert | road only
- Chainages/Up

- Dakurmn area

- Arrows =
Graph area

Top area

- Corridors

- Maintenance b

- Property cankl
g aching L design section
|
e

Plak I Find I Finish Help I

Now select the + beside the Hatching cut/fill and then select fill.
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M Drainage Plot PPE Editor

Plot parameter file | £ [Bldranage. dranpo’ g Read Write
=1 Dvainage Pk Hatching cubsFil - Fil paramebers
#1- Title biock e il Fil hatch Al Fil Draw cides | Draw oeigingl | Crsw new
#1- Flot cheet lapout {set # |separation | anok {dms] | coloor lin=skde | of fils kin kin
4] Baxes
% ChanagesiUprights a] el iz sides of | don't drav
- I Fllregions | sides of criginal
:=| Hlatum ares | tninfill
#1- Brrots |
i raph area
i Tap area
A Corridors

- Maintenanc= holes
#- Propetty controlsHoLse o
=I- Hatching ofil

T

©Fl

- Cuts

*- Primiary string name lshel

L-FPF's to Inciude
¢ ®
| choice ak.

Pl Find Finish Hep

=

Use set # is entered as 1. Fill separation, hatch angle, colour and linestyle selected as desired.
Draw sides of tin, Draw original tin and Draw new tin are not required unless you want these
extra line in the drawing.

Select Plot and add the plot model drainage LS plot1 onto a PLAN view to preview the drawing.
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i

The hatch-
ing is shown
to the left at
a 2mm spac-
ing with the
tins and
sides not
drawn.
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20.0 Flooded Width Analysis and HEC RAS

There are 2 flooded width methods in the drainage module. The first can be used with any of the
external drainage packages and the second is part of the 12d storm analysis. The first is described
here.

The Calculate Flooded width procedure creates cross sections along the bypass flow paths and then
calculates the flooded width at each section using Manning’s normal depth calculations. A HEC-
RAS project (same name as the bypass flow string) is also created for each line. The flooded width is
indicated on each section as a blue line if it is less than a user defined width and a red line if the
flooded width exceeds the limit. Details of the calculations such as the velocity, depth, wetted perim-
eter and slope can be exported to a spreadsheet for further analyse (velocity times depth calculations
for example). The discharges imports from the urban stormwater design packages are shown in the
following table.

Design Program | Discharge Event

PCdrain Minor ARIT

Drains Maximum flow event analysed
ILSAX Maximum flow event analysed
RAT HGL First return period analysed

The user defines the length of these sections and the interval at which they are to be spaced. 12d cal-
culates the normal flow depth interpolating the pit approach and bypass flows from the hydrology
models (ILSAX, Drains, PC Drains or RAT HGL). The cross sections are taken perpendicular to the
flow line and the slope is for the normal depth calculations is determined using the distance along the
flow line and the change in elevation between the two lowest points in the primary flow channel. The
flow line need not intersect the low points on the section but the flow line does mark the primary
flow channel. If the depth of the flow exceeds the banks of the primary channel, then all adjacent
flow channels will be considered as active flow area.

20.1 Limitations where overland flow lines join

Where overland flow lines converge at an inlet, 12d does not know the flow split between the 2
approaching paths. Therefore, 12d uses the total flow from all lines as the flow at the inlet for each
line. This may overestimate the flooded width along the flow lines at these points.

20.2 Limitations at SAG pits

The flow width are not shown adjacent the sag inlets. The depth of flow due to ponding and the
approach flow coming from several directions may overestimated flooded width in these areas.
Therefore not flood depths are calculated approaching SAG inlets.
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M Drainage Flooded width E JIEIB_ | Enter the drainage network model.
Enter the bypass flow model.

Models and kin l ‘Wariables ]

Drainage network drainage =
Cryerland Flow model bvpass Flow =

Enter the model that will contain the actual floode
width lines.

. i i h
ES in ——— ﬂ | Selept the tin that will be used to create the cross
sections.
¥section model Fus cections =

Enter the model that will contain the cross section:
The calculated values such as velocity and slope
\s‘t‘re stored with these lines.
he flooded width will be drawn in blue in the
results model when it is less than the Max floode

width (Variables tab). If the flooded width exceed
this value it will be drawn in red.

Fracess| _Firish | If warnings are give for a section a yellow bar wil
be placed in this model.

Flooded width bars model — |Fuy bars e
Warning bars model Fua warnings =

D|E|E| Max flooded width is the limit where the blue
g2 flooded width bars turn red.

B Drainage Flooded width

Models and tin \“arlaﬁgs ] Manning’s n is the n value to be used in the norma
Max Flooded width J depth calculations.
Mannings n 0.014 J The Flow correction factor is the factor described i

Flow correction Factar |7J ARR 1987 for calculating depths of flow in gutter
Distance between sections [20 J channels.

Section length |7J Distance between sections specifies the interval at

Ttim sections at levees v which cross sections and therefore flooded width wi

Levee tolerance |7J be calculated along the flow path.

WD warning limic o1 i || Section Length defines the length of each cross sec

YD) warning colour orange || | | tion. The cross section will be centred on the over-
land flow path.

Process Finish

Trim sections at levee is used to create a cross section that stops at the crest on either side of the
flow channel. A levee point is the crest in the cross section found as you move away from the
flow line location. If a levee point is encountered then the section is trimmed here.

Levee tolerance is the amount the cross section needs to drop as you move away from the centre
line in order to call this local crest a levee.

VxD warning limit is the velocity times depth limit that when exceeded will cause a flooded
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width bar to be generated in the warning bars model.

VxD warning colour is the colour of the bars mentioned above.

Process will always clean the sections, string and warning bars model before process.

Summary Tables

The hydraulic calculations and warning messages are stored as string attributes on the flooded width
bars. If these attributes are exported to a spreadsheet via the clipboard a summary table my be cre-
ated. To copy these attributes to the clipboard select

File IO->User->String attributes-properties to/from clipboard

The string model may be either the flooded width bars
or the warning bars. Both models of strings contain
attributes on the strings.

The prefix selection and prefix exclusion are filters for
Bl | reducing the number attributes that are exported to the
| Model <Fw bars: exists clipboard.

Copy | paste| Fini5h|

20.3 Cross Sections, Discharges and Warnings

The analyse flooded width will proceed along each flow path and identify every pit on the line. Cross
sections will be constructed in the model with the length and interval entered in the input dialogue.
These cross sections may be plotted using the main menu selection Plot=>X plot=>X plot. The Sort
Sections must not be selected for these sections to be plotted.

Discharges will be determined for each cross section by linearly interpolating the discharge using
distance between the pits. The bypass discharge (pit attribute - calculated bypass flow) will be taken
from the upstream pit and the approach discharge (pit attribute - calculated approach flow) from the
downstream pit.

The slope is calculated by subtracting the lowest points nearest to the centre line and dividing the
cross section separation. The levee tolerance is NOT used for locating this point thus any rise in sec-
tion moving away from the centre line marks the end of the low point search in that direction.

12d will give warning messages in the output window when it encounters the following conditions
and these messages will be stored as string attributes on the flooded width strings. Descriptions of
these messages follow.

Inverts do not go downhill

12d locates the lowest point (adjacent to the flow line without moving over a local crest) on each
cross section to calculate the slope between the cross sections. This message indicates that the down-
stream minimum elevation is higher than the upstream minimum elevation.

Sometimes flow lines will go uphill. If you have specified an overflow from a SAG location then the
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flow line will go uphill until it crosses the overflow crest.

If the flow line is not supposed to be going uphill at this section, check to see where the flow line
intersects the cross section located upstream of the one identified in the warning message. If it is
in a local sag point that is not the lowest point on the section, move the flow line.

The program will use a slope of 0.5% to calculate a width at this location. This results in very
wide flooded width sections to draw the user’s attention to the problem area.

Vertical Walls Assumed at the Ends of the Cross Sections

If the depth of flow exceeds the ground surface elevation at the ends of the cross section a warn-
ing message the warning message shown above is shown. The cross sections causing the warning
follows.

The vertical wall is placed at cross section chainage —20. Note that the flow line is always at
chainage 0
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21.0 Drainage Overflow Areas from Volumes
This option is used to graphically display the overflow storage volume at a sag pit. The following pit
attributes must exist for the flood extents to be calculated.

overflow volume value greater than zero required.

sag pit must be equal to 1.

catchment model id  set by labelling catchments

catchment string id set by labelling catchments

The maximum storage volume is read from the drainage pit attribute "overflow volume". This may
be entered manually using the Attribute Editor or it will be created when data is read from the drain-
age design programs Drains or XP SWMM design programs.

This routine locates the lowest point on the catchment string by draping the string on the tin specified
and adds the overflow limit specified to this value. This becomes the overflow limit.

The volume at this level is calculated and the compared to the overflow volume read from the user
defined attribute.If the overflow volume is less than the volume in the catchment then the routine
iterates to find the flood level for the overflow volume.

If the overflow volume is greater than the volume in the catchment, the results depend on the Use
overflow limit tick box.

If the box is selected, the overflow limit (calculated above) is reported at the flood level in the catch-
ment.

If the tick box is not selected the routine iterates to find the flood level where the storage equals the
overflow volume read. This option allows the user to see the maximum flood level should the catch-
ment low point become blocked.

See Also

Drainage overview
Usage

This panel is accessed from the menu selection Design => Drainage Sewer => More=>Calc pit
overflow areas
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i Pit Yolume Calculator [_ [[]] |

Drainage kodel WE
Flood limits madel ~ [food fmts =
Surface tin Iu:lesugn—_ﬁ
Flonad lirnits colour II:.Iue—.

Clearn limits rmodel [
Ize averflow limit v

&llowable surcharge ||:| LI
|
F'ru:u:esj Finizh I

The fields and buttons used in this panel have the following functions.
Field Description Type Defaults Pop-Up

Drainage model model box

all pits in this model that have a non zero "overflow volume" and "sag pit" set to 1 will be processed

Flood limits model model box

flood limits strings will be created in this model

Surface Tin tin box

ground surface tin used to calculate the volumes and flood limits

Flood limits colour colour box

flood limits strings will be created using this colour

Clean limits model tick box

if selected all strings in the Flood limits model will be deleted before the calculations commence.

Use overflow limit tick box

if the elevation calculated from the storage volume is higher than the lowest point on the catchment
string then the allowable surcharge value below will be added to the lowest point on the catchment
string and this elevation will be used to determine the flooding limits

Allowable surcharge real box

this value is used only if Use overflow limit is ticked. Its purpose is described in the field above.

Process button

executes the option.

Finish button

Revised July 2008 12d Stormwater Course - Part 2 Notes: Page 107 of 110



12d Solutions Pty Ltd

Civil and Surveying Software

COURSE NOTES
STORMWATER DESIGN - Part 2

removes the dialogue from the screen

12d Stormwater Course - Part 2 Notes: Page 108 of 110 Revised July 2008



12d Solutions Pty Ltd

Civil and Surveying Software

COURSE NOTES
STORMWATER DESIGN - Part 2

22.0 Appendices

22.1 Appendix A: 12d V8 Drainage Analysis Detention Basins
22.2 Appendix B: 12d V8 Drainage Analysis Hydraulics

22.3 Appendix C: 12d V8 Drainage Analysis Ku Kw

Revised July 2008 12d Stormwater Course - Part 2 Notes: Page 109 of 110



12d Solutions Pty Ltd

Civil and Surveying Software

COURSE NOTES
STORMWATER DESIGN - Part 2

12d Stormwater Course - Part 2 Notes: Page 110 of 110 Revised July 2008



12d Model

Civil and Surveying Software

Drainage Analysis Module

Detention/Retention Basins

Owen Thornton BE (Mech), 12d Model Programmer
owen.thornton @ 12d.com
24 January 2007
Revised:

04 April 2007
29 February 2008 (V8Clp)

This document describes the approximate method
for sizing detention basins via the Rational Method,
as implemented in the
Drainage Analysis module of 12d Model.
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12d Model — Drainage Analysis Module — Detention/Retention Basins

An Approximate Method for Sizing Basins when using the Rational Method

For the design of stormwater detention and retention basins, a variety of simple and approximate
methods may be adopted when using the Rational Method. These methods do not require detailed
inflow hydrographs (derived from unsteady flow simulations), nor an accurate storage-discharge
relationship, as would otherwise be required for the more complex and sophisticated method of
solving the Storage Equation. For feasibility studies and preliminary design, these approximate
methods should generally prove adequate. And for relatively small basins, or larger basins with flow
reduction ratios (r) large enough to lessen the effect of storm temporal patterns, some approximate
methods may even prove adequate for final design — though the Storage Equation may still need to
be solved for verification of this.

An approximate method, attributed to Boyd, has been presented in both the ARR (1987) and the
QUDM (2007), and three more, attributed to Basha, Carroll and Culp, in the QUDM (2007) only.
All four methods are based on an assumed triangular inflow hydrograph with peak Q,, and an
assumed outflow hydrograph with a lesser peak Q, , lying somewhere on the falling limb of the
inflow hydrograph.

Q ———— Basin Inflow Rate
-I —— Basin Dutflow Rate

_ Qf'QD

="

Q;

With reference to the inflow and outflow hydrographs shown in the figure above, the total basin
inflow volume is given by the area below the inflow hydrograph:

V., = areaABCA = 1t,0Q, (1)

1

Page 2 of 5



12d Model — Drainage Analysis Module — Detention/Retention Basins

And the required basin storage volume is given by the area contained between the inflow and
outflow hydrographs:

V. = area ADEA = area ADFA + area FDEF
= 30,7(0,-0,) + 16r(Q,-f0Q,) @)
= 30,7(0,-f0,)
where the factor f, between zero and one, defines the ratio of the initial outflow rate (with an empty
basin), to the peak outflow rate, Q, (with a basin full to capacity). For dry basins with a low-level
outlet invert below the minimum basin water level, the outlet may begin discharging at some
considerable rate, almost immediately as the basin begins to fill — thereby reducing the required size

of the basin. It is for this type of outlet design where f should be set to an appropriate value greater
than zero, and as such, f has been termed the drop pit factor.

The ratio of equations (1) and (2) may be expressed in terms of r and f, as:

VS

o= rli-rl+ 5r) ©)

1

Substitution of different values for f into equation (3), yields the four methods referred to above:

f =0 - % = r ... attributed to Boyd 4)
f =13 - “//— = r(2+r)/3 ... attributed to Basha (5)
f = 5/8 — “i— = r(3+5r)/8 ... attributed to Carroll (6)
f = 2/3 > ‘;— = r(1+2r)/3 ... attributed to Culp (7

It should be noted that results obtained from equation (3) are independent of the time at which the
inflow peaks (#;). So, while the Storage Equation can account for the differences caused by an early
inflow peak, or a late inflow peak, for instance, equation (3) cannot. In most cases, however, such
concerns are secondary. It is more important to estimate adequately, the design values for Q; and V..

The Rational Method is normally only considered adequate for determining the maximum peak
inflow rate (Q; max) When the storm duration (t;) is equal to the time of concentration (t.) of the
catchment feeding the basin. It is far more common, however, for the critical 7; — the storm duration
requiring the greatest basin storage volume — to be considerably longer than the ¢, of the catchment.
To correct for this, some have suggested that Q; m.x be used for Q; and that (4 7. Q; max / 3) be used
for V;, but this often under-predicts the basin size significantly, and there is little theoretical basis to
support it. Instead, to follow the (ARR preferred) statistical interpretation of the Rational Method —
which for the same average recurrence interval, applies the same runoff coefficients to storms of

different durations — the design values for Q; and V; should be determined for longer storms as
follows:

1 2V.
tz = td + tc Vl = td Qimaxl_d Qi - i (8)
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where I, and I, are the average rainfall intensities for storms of duration ¢z, and ¢4, respectively (as
determined from IFD data) and #; > .. The important thing to note about this formulation is that, for
the same average recurrence interval, storm duration and runoff/infiltration model, V; will always be
the same as that of a hydrograph derived from a variable-intensity storm with any form of temporal
pattern. Also note that Q; is derived from a triangular hydrograph of volume V; and base time #,, to
better represent the peak flow rate of a storm with an average temporal pattern.

Implementation in 12d Model

In 712d Model, input values for f and either Q, or V; may be specified at the outlets of the drainage
network — via the Pit => Main tab of the Drainage Network Editor.

The Storm Analysis process then uses equations (8) and (3) to solve for either V; or Q,, for a range
of up to 52 different ¢, values between 5 and 4320 minutes, including but not less than the full-area

t. of the catchment feeding the basin, and only those which yield an r between zero and one.

For each basin, a range of results is thus obtained, where the storm duration yielding either the
greatest V; or Q, is selected as the critical 7.

The following pit attributes are set on the drainage string outlets, upstream of each basin:

Inputs:

"basin drop pit factor" =f

"basin discharge" or "basin volume" = Q,orV;

Outputs:

"calculated basin inflow" = critical Q;
"calculated basin inflow volume" = critical %
"calculated basin tc" = full-area ¢. of catchment
"calculated basin storm duration" = critical #;

"calculated basin storm intensity" = critical I,
"calculated basin volume" or "calculated basin discharge" = Vsor Q,

In addition, a detailed design report for each basin is reported in CSV format to the Output Window,
which may be pasted into a spreadsheet for auditing and to produce design graphs. An example
report with corresponding graphs is shown on the last page.

References

ARR (1987) "Australian Rainfall and Runoff : A Guide to Flood Estimation", Vol. 1, Section
7.5.6, Instn. Engrs. Aust.

QUDM (2007) "Queensland Urban Drainage Manual", Vol. 1, Section 5.05.1, Queensland
Govt. Dept. of NR&W, Brisbane.
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Example of a Basin Design Report created by 12d Model, showing the results for each storm
duration tested, along with the inflow and outflow hydrographs of the critical storm duration.

The corresponding graph on the right hand side shows each duration as a dot on the Q; curve,

and confirms that for the required S0Yr peak Q, of 530 L/s, the storage volume required

reaches a maximum of 6909 cubic metres, during the storm of 150 minutes duration.
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This document defines the various terms relevant to the hydraulic calculations performed by the
Drainage Analysis module of 12d Model version 8, including how and where they are calculated.

The terms pipe and channel are sometimes used interchangeably, as are the terms pit, manhole, inlet
and structure.
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12d Model — V8 Drainage Analysis Module — Hydraulics

Definitions:

Qrat = Peak Flow

The peak flow rate for the pipe, without consideration of bypass flows. It is determined from the
contributing catchments via the Rational Method (and includes any direct pit or pipe flow that may
have been specified upstream). It is shown in the Hydraulic Report as "Peak Flow Qrat", and is also
set as a pipe attribute named "calculated peak flow".

Qs = Net Bypass Flow

When considering bypass flows, Q; for the pipe is determined from an analysis of all the upstream
pits contributing to the pipe, as recommended in the Australian Rainfall and Runoff. It represents
the sum of the peak bypass flows approaching these pits, minus the sum of the peak bypass flows
leaving them. It is shown in the Hydraulic Report as "Net Bypass Flow Qb", and is also set as a pipe
attribute named "calculated net bypass flow". Note: the peak bypass flow leaving each pit, is
determined from the pit inlet capacity data, defined for each pit type in the drainage.4d setup file, as
well as the relevant choke factor determined for each pit.

Q = Pipe Flow = Q. + Oy

The peak flow rate in the pipe, represented by the sum of Q,,, and Q. It is shown in the Hydraulic
Report as "Pipe Flow Q", and is also set as a pipe attribute named "pipe flow". Note: it is only when
considering bypass flows, that Q may differ from Q,;.

0. = Excess Pipe Flow

If the pipe flow, Q, is so large that the HGL would rise above the upstream pit’s grate level, then Q.
will represent the difference between Q and the flow rate that would keep the HGL just at the grate
level. It is shown in the Hydraulic Report as "Excess Pipe Flow Qx", and is also set as a pipe
attribute named "calculated excess flow". Note: the excess flow amount, Q,, is still included in the
pipe flow, Q, and is not automatically re-routed to the overland system. However, when considering
bypass flows, the user may set the Qx routing increment to a value greater than zero, which will
initiate extra analysis passes to re-route just enough flow as is necessary, from the pipe network to
the overland system, so as to eradicate the excess pipe flows. At each extra pass, an amount no
greater than the Qx routing increment is removed from the pipe network — from the most upstream
pipe(s) with excess flow(s) — and re-routed to the overland system. If flow is entering from the top
of a pipe’s upstream pit, the re-routing is achieved initially by reducing the pit’s choke factor by an
amount calculated to have the same effect. Once the choke factor is reduced to zero, however, any
remaining Q, is re-routed as pit surcharge flow, Q.

Qs = Pit Surcharge Flow

When (and only when) excess pipe flows are re-routed to the overland system, it possible for some
pits to surcharge (flow rising up and exiting the top of the pit). At such pits, the choke factor will
have been reduced to zero, and Q; will have a positive value equal in magnitude to the negative pit
inflow. In the Hydrology Report, a negative value of "Inlet Flow Qi" indicates a surcharge flow,
and Q; is also set as a pit attribute named "calculated surcharge flow". Note: pit surcharge flow is
automatically included in the bypass flow leaving a pit, and may re-enter the pipe network
elsewhere.
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Definitions: cont ...

Vs = Full Pipe Velocity = QO / Ay

The velocity in the pipe when the pipe flow, Q, fills the entire cross-sectional area, Ay, of the pipe.
This is the minimum velocity possible for this flow rate. It is shown in the Hydraulic Report as
"Full Pipe Vel VI=Q/Af", and is also set as a pipe attribute named "full pipe velocity". Note: V;is
the velocity used to determine pressure head and water surface elevation losses through the
upstream pit. Typically, the loss coefficients K, & K,, only apply to pipes under pressure.

0.4 = Capacity Flow

For the particular size, grade and roughness of the pipe, and assuming no downstream tailwater
restrictions, the capacity flow is the flow rate theoretically possible in the pipe, at the point where
the flow would become pressurised (i.e. flowing exactly full). It is shown in the Hydraulic Report as
"Capacity Flow Qcap", and is also set as a pipe attribute named "flow capacity".

Veqp = Capacity Velocity = Q..,/ Ay

The velocity corresponding to Q.. It is shown in the Hydraulic Report as "Capacity Vel
Vcap=Qcap/Af", and is also set as a pipe attribute named "capacity velocity". Note: V., is
sometimes referred to by others as at grade velocity, or more confusingly, as full pipe velocity.
Great care should be taken, to avoid confusing V.., with V}.

Capacity Ratio=0/ Q.4

This is simply the ratio of the pipe flow to the capacity flow. If greater than 1.0, Q will always be
pressurised. If less than 1.0, Q may or may not be pressurised, depending on the conditions
downstream. Some governing authorities specify that it should always be less than 1.0. It is shown
in the Hydraulic Report as "Q/Qcap Ratio", and is also set as a pipe attribute named "flow capacity
ratio".

Omeap = Max Capacity Flow

Similar to Q.,,, but representing the maximum unpressurised flow rate theoretically possible in the
pipe. For a circular pipe, Qp.cqp Occurs at a depth of about 0.94xD. For a box-culvert, Q,,cq» Occurs at
a depth just below the obvert (0.999xH, say). For circular pipes, Qyucqp 1S approximately 1.07XQcqp.
For box-culverts, O,.cqp may be considerably greater than Q.,,, due to the sudden increase in friction
losses when the flow comes into contact with the top wall — an effect more pronounced as the
culvert's width/height ratio increases. Note: Q.4 1s not calculated by 12d Model, as it is an
inherently unstable flow, which can become pressurised with only the slightest increase in frictional
resistance. Pipe manufacturers typically publish capacities which match more closely to Qqp.

Vimeap = Max Capacity Velocity

The velocity corresponding to Qucap, that is: Vipeap = Qmeap! Ay , Where A,, is the wetted cross-
sectional area at the depth at which Q,.,, occurs.
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Definitions: cont ...

d,, = Normal Depth

The depth in the pipe when the slope of the water surface of the pipe flow, Q, is parallel to the pipe
slope. If Q is greater than Q.4, d, 1s set to the obvert of the pipe. It is set as a pipe attribute named
"normal depth", and the value [d, / <pipe height>] is set as "normal depth relative".

d. = Critical Depth

The depth in the pipe when the local energy head (the sum of the pressure and velocity heads only,
ignoring the gravity head) of the pipe flow, Q, is at a minimum. It is set as a pipe attribute named
"critical depth", and the value [d, / <pipe height>] is set as "critical depth relative".

V., = Normal Depth Velocity

The velocity in the pipe when the pipe flow, Q, is flowing at the normal depth, d,. This is the
maximum velocity possible for this flow rate, in the most common case of a "steep" slope pipe
(where d. > d,). In the rare case of a "mild" slope pipe (where d. < d,), it is possible for the velocity
to be slightly greater near the downstream end of the pipe, if the flow "drops off the end" and the
depth approaches d,. It is shown in the Hydraulic Report as "Norm Depth Vel Vn=Q/An", and is
also set as a pipe attribute named "normal velocity".

V. = Critical Depth Velocity

The velocity in the pipe when the pipe flow, Q, is flowing at the critical depth, d.. When the flow is
slower than V. (deeper than d.) it is termed tranquil flow. When the flow is faster than V, (shallower
than d,), it is termed rapid flow. It is shown in the Hydraulic Report as "Crit Depth Vel Vc=Q/Ac",
and is also set as a pipe attribute named "critical velocity".

Vinin & Vimax = Allowable Velocity Ranges for V,, and V,,,

These velocity limits are often specified by governing authorities, to ensure that all pipe flows are
fast enough to wash away impediments, but not so fast as to scour the pipes. If set on the
GLOBAL=>Main tab of the Drainage Network Editor, they are checked against the calculated V,
and/or V.., values. If ever a calculated velocity is too low or too high, a new pipe grade is
recommended in the Output Window, to help remedy the problem.

V, = Actual Velocity (VicRoads manual)

The Victorian "VicRoads" manual refers to a chart for determining the so-called actual velocity, V,,,
in part-full pipes. The chart shows a relationship between Q / Q.. values and V,/ V., values. The
resultant V, values from this chart, are equivalent to the normal depth velocity, V,, values calculated

by 12d Model.
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Manning's Formula versus the Colebrook-White Formula:

The Drainage Analysis module allows pipe roughness to be specified as either Manning's n (based
on metre-second units), or Colebrook's k (specified in mm in 12d). The choice of roughness type
determines the formula — Manning or Colebrook-White — used to calculate: Q.4p, Veap, dn and V.. It
also governs how the friction slope is determined in both the Darcy-Weisbach equation and the
Gradually Varied Flow equation, when calculating the HGL values along the pipe. The Colebrook-
White formula may be seen as an empirical combination of the Rough and Smooth Pipe Laws of
turbulent flow, which were both derived from boundary-layer theory by Prandtl and von Karman,
but adjusted to match the experimental results of Nikuradse, who performed a series of lab tests on
small pipes of uniform roughness. Colebrook and White, however, performed tests on a range of
commercial pipes (of non-uniform roughness) — with an equivalent k£ deduced from the constant
friction factor, f, observed at high Reynolds number — and found that for most of the pipes they
tested, their new combination-formula matched well. The turbulent range of the now widely-used
Moody Diagram, is wholly based on the Colebrook-White formula, and represents the trend to be
expected, in the absence of any specific data for particular pipes. Where non-circular pipes are used,
or where part-full flow occurs in any kind of pipe or open channel of reasonably uniform cross-
section, substitution of 4R for D (four times the hydraulic radius for diameter) can be justified, with
the assumption that the mean shear-stress around the wetted perimeter is not too dissimilar from the
uniform stress around a circular perimeter (true enough for box-culverts and many open channels).
Because the Colebrook-White formula accounts for the variations in f dependent on the relative
roughness (k/R or k/D) and the Reynolds number (Re), it is slightly more reliable, when considered
across the range of pipe sizes and flow rates commonly found in stormwater systems. Most of the
values published for Manning’s n are for relatively large open channels, where the dependency on
Re is slight, and relative roughness is implied in the n value. As such, Manning’s formula is good
for larger systems (especially natural channels), but when applied to smaller systems like typical
stormwater pipes, the Colebrook-White formula suggests that these published n values should be
reduced somewhat. Overall, the primary difficulty with both formulae lies in the selection of
suitable n or k values, and significant errors are not uncommon. The following figure shows a
normalised graph of Manning's formula, for a full range of flow depths in both circular pipes and
(square) box-culverts. (The corresponding Colebrook-White graph is so similar on this normalised
scale, that it may be considered identical.) Note the difference between Q.,, and Q4 0n the graph.

Manning's Formula for Part-full Pipes
| Vn/Veap (circ) — Q/Qcap (circ) — Vn/Vcap (box) — Q/Qcap (box)|
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The Hydraulic Grade Line (HGL):

In 12d Model, when a Drainage string is profiled or plotted, you have the option to display the HGL
determined from a storm analysis of the drainage network. The HGL represents the peak sum of the
pressure and gravity heads throughout the network, and in 12d, it is idealised to show separate head
losses along the pipes and through the pits. In reality, these losses are not separate, but continuous,
with the often highly un-developed flow near the pits, progressively forming fully-developed, one-
dimensional flow, in the pipe reaches sufficiently distant from the pits.

HGL Along Pipes: The HGL drawn along a pipe in 12d, is simply the straight line joining the
pipe’s idealised entrance and exit HGL levels. As such, in pipes where the steady flow is wholly
pressurised, it is a good representation of the friction slope, and consequent loss of total head (AH7)
due to friction. However, where part-full flow occurs in any portion of the pipe, neither the friction
slope nor the water surface slope is constant, and so the straight line implies nothing other than the
idealised entrance and exit HGL levels. For these cases, the idealised HGL is calculated internally,
assuming fully-developed flow, via numerical integration of the Gradually Varied Flow equation.
This handles all possible cases of tranquil and rapid flow on mild and steep slope pipes, including
the hydraulic jumps that can occur on steep slopes. Note that, due to the non-uniform velocity head
in these cases, AHr due to friction cannot be determined from the idealised HGL, and must instead
be determined from the Total Energy Line (TEL).

HGL At Pits: The horizontal HGL drawn across a pit, represents the peak water surface elevation
(WSE) in that pit, and is tested against the freeboard and surcharge limits imposed there. The jump
in the HGL between a pit’s entrance and exit, represents the change (normally a loss) in pressure
head (AHp) through that pit (it does not represent the loss in total head). If a pit’s entrance HGL
level is higher than the level formed by the minimum of d,, and d, in an upstream pipe, then this
HGL level also forms a tailwater condition for that upstream pipe. Note that AWSE 1is typically
equal to, or slightly greater than AHp, and that both these jumps may, to a certain extent, be thought
of as the effect that a pit has on what would otherwise be fully-developed, one-dimensional flow.

RAPID HYD. TRANQUIL PRESSURISED
FLOW JUMP FLOW FLOW
COVER RL
GRATE _sur“crr:irg& FINISHED SURFACE
COVER RL
freeboard
limit "
surcharge
WSE — imit —]GRATE

- TEL freeboard

[— - \ limit
]

[
T
OBVERT —

AHp
AWSE

=
< - -
IDEALISED HGL — j CRITICAL DEPTH T

T
B

Q
]
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AHg
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Schematic of a typical HGL in a steep slope pipe
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Hydraulic Equations:

Bernoulli’s Equation (for the head of a streamline)
2
HT=HV+HP+HG=2L+h+Z
8

Reynolds Number (laminar flow < 2000 < critical zone < 4000 < turbulent flow)

Re:Q:4VR
1% 14

Darcy-Weisbach Equation (for steady, uniform [pressurised] flow)
ML VDSV mV

L ! D 2g 4R 2g R 2g

Gradually Varied Flow Equation (for steady, non-uniform [free-surface] flow)
dh So—S;

dL | V’B
gA,

Manning's Formula (for complete turbulence, high Re)

8g 2g R %o . . ., .. .
7 = [|— = (Manning’s relation to Chézy’s coefficient, for metre-second units)
m n

N pts % p%
V = STR (for metre-second units) OR V= 149 SR
n n

(for foot-second units)

Colebrook-White Formula (for transition zone flow and complete turbulence, Re > 4000)
L = =2log,, k + 251 (as published by Colebrook, 1939)
Jr 37D Re,[f

k 251y k 0.314v
V = -2,2¢DSlo + = —4,/2gRS log +
g“’[3.71) D‘/ZgDS] “l14.8R R J2gRS

Pressure Head Change Formula (through pit directly upstream of pipe)
-AH, = K,V,’/2g

WSE Change Formula (between pit directly upstream of pipe and pipe entrance)
~AWSE = K,V,’/2g
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where: [dimensions]
Hr  =total head (energy per unit weight of water) [L]
Hy  =velocity head =V 2/ 2g [L]
Hp = pressure head = h [L]
Hg  =gravity head =z [L]
Vv = mean velocity of flow through a cross-section [L/T]
g = acceleration due to gravity [L/T?]
h = pressure head (and depth of flow in an open channel) at a cross-section [L]
z = height of channel invert at a cross-section, from a constant horizontal datum [L]
Re  =Reynolds number [-]
1% = kinematic viscosity of water [L /T]
D = diameter of circular pipe (L]
R = hydraulic radius of flow at a cross-section = A,, /P,, = D/4 for full circular pipe [L]
A, = wetted cross-sectional area [L2]
P, = wetted cross-sectional perimeter [L]
L = plan length of channel [L]
f = Darcy friction factor (based on D) [-]
m = Fanning friction factor (based on R) =f/4 ... confusingly, often denoted by f [-]
dh/dL = longitudinal slope of water surface at a cross-section, relative to Sy [-]
B = lateral breadth of water surface at a cross-section [L]
So = channel slope [-]
St = friction slope (energy lost, per unit weight of water, per unit length of channel) (-]
S = context dependent — typically: Sy when solving for V; Srwhen solving for § [-]
n = Manning roughness factor [T/L'?)
k = Colebrook roughness factor [L]
WSE = water surface elevation in pit [L]
K, = pressure head change factor for pit directly upstream of pipe [-]
K, = WSE change factor for pit directly upstream of pipe [-]
Vi = full pipe velocity [L/T]
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12d Model — V8 Drainage Analysis Module — Hydraulics

Determining the Critical and Normal Depths in Part-full Pipes:

Wherever the pipe flow, Q, is less than the capacity flow, Q.,, the potential exists for part-full (free
surface) flow to occur. In these instances, the critical and normal flow depths are determined by 12d
Model, using the equations shown in the figure below. Note that the graph within the figure, shows
the solutions for a circular pipe on a normalised scale.

The Critical Depth, and the Colebrook-White and Manning Normal Depths

dc dnCW dm’mf
—V/ Vcap — Ve Vmp — Vw7 Vcap Vone Vcap
- Q/Qcap - Qc /Qcap - QMCW‘/Qmp QHM /Qcap
— Chvert -3 dcref -G dnCWreJ anrei

. [ 17/

N — i,
N e P

N

0.5% / e )
i S |

wl [
0.1 , /
oo +—/——~-~-+—~~——""*+—r—H———"r—————tt—t
0.0 0.1 02 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 11
dre.i
O = const < Qmp . .
Wy oY Circular Pipes Box Culverts
k 0314y | S,AR%
V.., = —42gRS; log,, + = A=nD'/4 A=WH
48R R\2gRS, " R=D/4 R=WH/(2W +2H)
Qcap = AVcap 6= cos’ (1 - Zdrgi)
V*g B=Dsiné B=W
T A, A, =(6-1sin(20)D?/4 A4, =WHd,
i R,=A,/(D6) R, =4, /(W+2Hd,)
V - g W
‘ B
k 0314v
View =—4+/2gR,S, log +
e % “10[14.8Rw R, \2gR.S, } v =y |V=1.) =du]@=0)
Vo SD%RW% - (V = Vncw): d, (Q: anw)
nlf — -
n nid rel :dref|(V:VnM) :drzf|(Q:QnM)
O =4V, Ouw=A4Vcw: O =4V
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12d Model — V8 Drainage Analysis Module — Hydraulics
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12d Model — V8 Drainage Analysis Module — Hydraulics

More Hydraulic Equations (for reference only — not used in 12d):

Chézy’s Formula (for complete turbulence, high Re)

/ R
vV = &gTS = C RS (CisChézy’s coefficient)

Laminar Flow Law (for Re < 2000)

f = — (viaPoiseuille’s formula)
Re

Smooth Pipe Law (for Re > 4000, very low k/D)
1

= -2log,, ﬂj (adjusted to Nikuradse’s data from uniform roughness pipes)
7 Reyf

u

-1.8 logm[RL) (Colebrook’s approximation: f within +1.5% for 5000 < Re < 10®)
e
5.76
— 210g10[wj

Rough Pipe Law (for complete turbulence, high Re)

u

ﬁ = -2log,, (NLDJ (adjusted to Nikuradse’s data from uniform roughness pipes)
170 D . . , .

Re > F % (range of Rough Pipe Law, based on Nikuradse’s observations)
1650D .

Re > . (range of Rough Pipe Law, based on C-W formula, for f'accurate to < 1%)

Converting k to n (by equating Manning’s formula to the Colebrook-White formula)
1
Rl

n =
k 0.314v
—4.2g 10 +
g10[14.8R R‘/ZgRS}
Sources:

Colebrook, C.F., 1939, “Turbulent Flow in Pipes with particular reference to the Transition Region
between the Smooth and Rough Pipe Laws”, J. Instn. Civ. Engrs., Vol. 11, 133-156.

Massey, B.S., 1989, “Mechanics of Fluids”, 6 Ed., Chapman & Hall.

Pilgrim, D.H. (Ed.), 1987, “Australian Rainfall and Runoff , Vol. 1, Instn. Engrs. Aust.

Page 11 of 11



12d Model

Civil and Surveying Software
Version 8

Drainage Analysis Module
Ku & Kw Calculation

Owen Thornton BE (Mech), 12d Model Programmer
owen.thornton @ 12d.com

04 April 2006

Revised:
19 June 2007
10 September 2007
28 April 2008 (V8Clp)

This document describes the procedures for calculating
Ku and Kw coefficients, as implemented in the
Drainage Analysis module of 12d Model version 8.

For stormwater pits, maintenance holes and culvert inlets:
Ku coefficients apply to pressure head (Hp) losses.

For stormwater pits and maintenance holes:
Kw coefficients apply to water surface elevation (WSE) losses.
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12d Model - V8 Drainage Analysis Module - Ku & Kw

Introduction

For the design of piped stormwater systems, the loss (or gain) in pressure head (AHp) through a pit 'is typically assumed proportional to the velocity head at the entrance of the
downstream pipe. Likewise proportional, but sometimes of different magnitude, is the corresponding change in effective water surface elevation (AWSE) between the pit and the
downstream pipe . However simple this may seem, the two coefficients of proportionality (denoted by Ku for pressure head changes, and Kw for WSE changes) are generally
dependent on so many different factors, that their adequate estimation still relies largely on the results of empirical study. Perhaps the most thorough sources emanating from such
study, are the so called "Missouri Charts" (Sangster et al, 1958) and "Hare Charts" (Hare, 1981). The Australian Rainfall and Runoff (ARR, 1987), suggests the use of these sets of
charts, in preference to any other method.

As originally published, the charts are highly complex, varied in presentation, and somewhat open to interpretation — reflective of the chaotic nature of flow through pits. A good
deal of judgement is required in selecting the appropriate chart to use for a particular pit configuration, and in most cases, iterative calculations are required. For large stormwater
networks, this typically leads to a huge time-cost for the designers, or alternatively, to an overly-conservative design approach. To overcome such problems, several semi-analytical
methods have been proposed, with an aim to replace the dependence on charts. These range from the relatively simple methods suggested by Argue (1986), Hare et al (1990)%, and
Mills et al (1998), to the more accurate methods (which are arguably as complex as using the charts manually) suggested by Parsell (1992), and Stein ez al (1999). A summary
paper (O’Loughlin et al, 2002) reviewed the latter four of these methods, and concluded that none matched acceptably well, across the full range of pit configurations covered by
the charts, and that more work was required to develop a practical method suitable for implementation with a computer.

12d Model adopts a method that is purely numerical, rather than semi-analytical. It is based on the fact that the majority of the chart data (i.e. the charts for pits with no more than a
single upstream pipe) offer a range suitable for consideration in a continuous sense. This fact has allowed the chart data to be re-arranged and combined into a single database of Ku
and Kw values — one that both spreads evenly across the full range of the charts used, and is convenient for computation. The resultant database is used to calculate values which
match the charts perfectly, for those pits which coincide with one of the discrete chart configurations; otherwise, values are calculated which indicate a linear transition between
particular charts. The Ku and Kw calculations are all based on a robust, programmed sequence of one-dimensional and/or three-dimensional interpolations within the database.

The method may be thought of as a particular, holistic way of interpreting the chart data. It has been developed with an aim to minimise user input, and increase the overall
efficiency of the design process. Individual charts do not need to be nominated at each pit, and horizontal and vertical misalignment of pipes (a key factor affecting Ku and Kw) is
considered with minimal interaction. The method is most reliable for pits with either no upstream pipe, or one upstream pipe. For pits with two or more upstream pipes (for which
very few discrete charts exist) a single equivalent upstream pipe is determined, yielding results which compare adequately with the limited chart data available.

For culvert inlets, a different method is employed to calculate Ku values for culverts flowing under inlet control. In these cases, a Ku value must be specified directly for when the
culvert flows under outlet control. The resultant headwater depth attained with this direct value, is then compared with the headwater depth calculated from variants of the weir or
orifice flow formulae (modified to match published standard headwater nomographs for pipe and box culverts flowing under inlet control). If the latter headwater depth is greater,
the culvert is assumed to be flowing under inlet control, and a higher Ku value is back-calculated to account for the greater loss in pressure head through the headwall.

The term "pit" is extended in meaning here, to include maintenance holes (where no grate inlet flow from above is possible).

2 Sometimes referred to as the "Hare Equations". These equations differ from the "Hare Charts", in that they offer only an approximation to the preferred configuration charts
(see configurations: G1, T1, T2, T4, T8, T10).
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12d Model - V8 Drainage Analysis Module - Ku & Kw

Ku & Kw Calculations in 12d Model

) ) } 12d Controls|12d Settings Remarks
12d Model Pit Configurations Ku method  |Direct Ku & Kw entered directly - no charts used.
GRATE PITS Inlet Headwall Special case: see Culvert Inlets on page 19
6g = 0° Bg = 90° Ku,Kw via Charts Ku & Kw determined by chart interpolation.
Q Ku,Kw>0 via Charts |If interpolated Ku or Kw is negative, set to 0.0.
T ° Ku config Preferred Gives the lowest Ku & Kw (on average).
T —l a2* Good '
Qg Qo Qg Fair :
* Ku = Kw Poor Gives the highest Ku & Kw (on average).
By=0° 6u=205° THF;?B?; PITS 64 =675° 6y =90° Independent Chart Variables :
0g = angle between grate flow line and d/s pipe
* Ou = angle between equivalent u/s pipe and d/s pipe
Elr T4 Q Qg/Qo = equivalent grate flow ratio
67.50/5\ u Du/Do = equivalent pipe diameter ratio
TQg L S/Do = submergence ratio
o ™* Q T8 | Qe
u 45°>\ Procedural Steps :
TQQ T5* A —Q> TQQ Q 1A) Grate Pit chart is used for pits where Qg/Qo = 1.0.
T ° l - ® G1 used where g <= 15°; G2 used where 0g > 15°.
b Q
6: m 6: ’ T10 _Q: 1B) Through Pit charts are used for pits where 0.0 <= Qg/Qo <= 0.5.
Qu . . . .
T % T e Interpolation within a Through Pit chart is based
Qg 45w\ T6 L» Q Qg on Qg/Qo and Du/Do.
Qo 7{?7-50 e Interpolation between Through Pit charts is based
TQ : on Ou and Ku config : Preferred, Good, Fair, Poor.
Hazge] T3 6’ g —»| TO 0° |22.5°] 45° |167.5°] 90°
0 Q/°<’450 Qy Preferred TL| T2 | T4 | T8 | T10
TQg : TQg Good T1 | T2 | T5 | T8 | T10
a» T7 Fair T1 | T3 | T6 | T9 | T10
Y Poor T1| T3 | T7 | T9 [ T10
fa
1C) For pits where 0.5 < Qg/Qo < 1.0, a further (linear) interpolation based
on Qg/Qo is made, between the interpolated data from steps 1A and 1B.
Chart Source 1: QUDM (1994). 12d Pit Config | G1| G2| T1| T2| T3| T4| T5| T6 | T7 [ T8 | T9 [T10|
Chart Source 2: ACTDS (2003). QUDM Ku Chart # [ 323233 [34[35[37[37[38[40( 424446 2 ) Step 1A, 1B or 1C produces a Ku and a Kw curve (both versus S/Do).
QUDM Kw Chart # |32 32]33[34]|36|37]|37[39]|41|43]|45]47 Actual S/Do values are calculated to intersect the Kw curve, and thus
In both source documents: ACTDSKu Chart#| 1 [ 1|2 [13])14[10] 9 [16]18[20]22] 7 find the applicable S/Do for the final Kw & Ku values.
Chart for Grate Pits from Sangster ef al (1958). ACTDSKw Chart#| 1 | 1| 2|13]15[10] 9 [17])19[21]23| 8
Charts for Through Pits from Hare (1981). ACTDS Pit Type# | 1 | 2 |3 [11]12[ 8| 7 [13]14[15]16] 6
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How does 12d Model determine the Ku & Kw chart inputs: Qg/Qo, Du/Do, 6g, 6u?
Example with grate flow and 3 u/s pipes:

Qg/Qo equivalent grate flow ratio ( Steps: 1A, 1B, 1C)
From [Rescaled to|
Rational | Conserve
Method Mass
Qrat Qeq
Qg 53.0 48.8
Qul 246.0 226.7
Qu2 151.0 139.2
Qu3 98.0 90.3
Qu 495.0 456.2
Qg+ Qu 548.0 505.0
Qo 505.0 505.0 |QQo=  48.8/505.0= | 0.097
Du/Do equivalent pipe diameter ratio ( Steps: 1B, 1C)
Pipe Diameters Pipe Areas
Dul 375 Aul 0.110
Du2 300 Au2 0.071
Du3 225 Au3 0.040
Au 0.221
Do 600 Ao 0.283 | DuDo = SQR(.221/.283) = | 0.884

og

angle between grate flow line and d/s pipe

( Steps: 1A, 1C)

Angle between setout string and d/s pipe

| 8= [ 320 |

Ou angle between equivalent u/s pipe and d/s pipe ( Steps: 1B, 1C)
Horiz 0 Drop VAF* 0
Qul->Qo 0 20 1.547 0 Ou = (0.0) 226.7/456.2 +
Qu2->Qo 90 40 1.867 90 (90.0) 139.2/456.2 +
Qu3->Qo 30 590 0.044 54.7 (54.7) 90.3/456.2=| 38.3
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Qg/Qo = (Qg)eq / Qo
0.0 <= Qg/Qo <=1.0

Du/Do = SQR(Au/Ao)
0.6 <= Du/Do <= 1.0

0° <= 0g <= 90°

Bu= 61.Qul/Qu
+62.Qu2/Qu
+ 63.Qu3/Qu

0° <= 0u <=90°

12d Model - V8 Drainage Analysis Module - Ku & Kw

*VAF = Vertical Alignment Factor = ( Do - Drop ) / Du
For VAF < +0.25 (i.e. excessive vertical misalignment),
6 is increased linearly to compensate, viz:
+0.25 > VAF> -0.25
Horiz6 < 6 < 90°



12d Model - V8 Drainage Analysis Module - Ku & Kw

Grate Pits ( i.e. grate flow only)
Example of Kw calculation (Ku = Kw) :

INPUT Chart: G1 G2 (G2)
0g 32.0 Og 0° 90° (>15°)
Do 0.300 S/Do | Kw | Kw Kw.V02/2g WSE S S/Do | Error G1 used where 0g <= 15°
Vo 0.920 1.5 7.00 | 9.70 0.419 28.319 | 1.095 | 3.650 | -2.150 G2 used where 0g > 15°
ILo 27.224 2.0 4.80 | 7.00 0.302 28.202 | 0.978 | 3.261 | -1.261 (as per Chart 32 of QUDM, 1994)
HGLo | 27.900 2.5 3.75 1 4.90 0.212 28.112 | 0.888 | 2.959 | -0.459
3.0 3.15] 3.80 0.164 28.064 | 0.840 | 2.800 | 0.200
4.0 245 | 2.72 0.117 28.017 | 0.793 | 2.645 | 1.355
5.0 2.10 | 2.20 0.095 27.995 | 0.771 | 2.570 | 2.430
6.0 1.90 | 1.98 0.086 27.986 | 0.762 | 2.538 | 3.462
7.0 1.80 | 1.87 0.081 27981 | 0.757 | 2.523 | 4.477 —AWSE = WSE - HGLo = KW.VOZ/Zg
Answer: Kw =Ku =4.05 ... S/Do =2.80 Q 0
—— Gl Chart —&— G2 Chart —&— G2 Intersection -\
10
<
0] . a 2
- I K, 20
uhy
29
8 —
S HGLp
7 4\
6 f Qo=Qgq
Kw DD

5 - Elevation

15 20 25 30 35 40 45 50 55 60 65 70
S/Do Plan

Page 5 of 21



12d Model - V8 Drainage Analysis Module - Ku & Kw

Through Pits (i.e. through flow and grate flow)

Example of Ku & Kw calculation :

INPUT Chart: T3 T3 T3 T3 T7 T7 T7 17 3-d interpolation factors
Ou 38.3 Ou 22.5(225|225]225]450| 450 45.0] 45.0 a 0.702 1-a 0.298 a=(Bu-225)/(45.0-22.5)
Qg/Qo 0.097 Qg/Qo | 00 00| 05] 05| 00] 00| 05] 05 b 0.246 1-b 0.754 *b=(N-0.0)/(0.5-0.0)
Du/Do 0.884 Du/Do | 0.8 | 09| 08 ] 09| 08 ] 09 ] 0.8 | 09 ¢ 0.840 1-¢ 0.160 ¢=(Du/Do-0.8)/(0.9-0.8)
Ku config Poor General 3-d interpolation equation
Do 0.600 S/Do | Kwl | Kw2 | Kw3 | Kw4 | Kw5 | Kwé | Kw7 | Kw8 Kw Kw.V02/2g WSE S S/Do Error K= (1-a) (1-b) (1-¢) K1 + (1-a)(l-b)c K2
Vo 2.340 1.5 1.84]1 198|230 235|324 3.01]286]290 2.72 0.761 29.861 1.584 2.640 -1.140 + (l-a)b(1-c) K3 + (l-a)bc K4
ILo 28.277 2.0 1.57]1.69]2.00| 2.05|2.81|2.65]255] 253 2.38 0.665 29.765 1.488 2479 -0.479 + a(l-b)(l-c) K5 + a(l-b)yc K6
HGLo 29.100 2.5 133143 1.79] 1.83]2.62| 248 | 2.21] 2.19 2.15 0.602 29.702 1.425 2.375 0.125 + ab(l-c) K7 + abc K8
3.0 125|132 1.61 ] 1.63 ]| 2.58 | 2.41 | 2.08 | 2.05 2.06 0.575 29.675 1.398 2.330 0.670 * Non-linear interpolation, as per QUDM (1994).
4.0 1.16 [ 1.22] 1.52 ] 1.50 | 2.53 | 2.36 | 1.91 | 1.87 1.97 0.550 29.650 1.373 2.289 1.711 N =0.66 (2.Qg/Qo - [Qg/Qo]*)
S/Do | Kul | Ku2 | Ku3 | Ku4 | Ku5 | Ku6 | Ku7 | Ku8 Ku
1.5 1.60 [ 1.71 ] 1.79] 1.79 | 240 | 240 | 2.55 | 2.59 2.23
2.0 1441 153]11.69]1.72|2.20]221]223|2.29 2.03
2.5 125132166 1.61 | 2.13]2.18] 2.13 | 2.09 1.92
3.0 1.09 | 1.12] 1.57 ]| 1.54 | 2.07 | 2.09| 1.99 | 1.97 1.81 —AWSE = WSE - HGLo = Kw.Vo’/2g
4.0 096 1.00] 150 ] 1.44| 1.97]|2.00] 1.82 | 1.81 1.70 —AHp =HGLu - HGLo = Ku.Vo*/2g
Answer: Kw=2.19...Ku=1.95... S/Do =2.39
‘ —&— Kw Chart Interpolation —@—Ku Chart Interpolation —&— Kw Intersection
2.8
2.7 ‘\ /
2.6 /
2.5
2.4 N
2.3 A
Ku ¢
Kw > \
2.0 \
1
1.9 4
1.8 4
1.7
1.6 T
1.5 2.0 2.5 S/Do 3.0 35 4.0
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12d Model - V8 Drainage Analysis Module - Ku & Kw
Ku Charts for Through Pits

is Qg/Qo = 0.0 & Du/Do = 1.0 is Qg/Qo = 0.5 & Du/Do = 1.0 —Tl0
] ] T9
40 1 40 1
] 1 T8
3.5 ] 3.5
i ] -'T?
301 3.0 1
] . — TG
25 | -
2.0 1 R
1.5 - S
1.0 ——
05 S—
Ku 1
0.0 |
05 05
-1.0 ; 1.0 é,
151 sl
201 201
25 25
3.0 1 3.0 1
35 35
15 2.0 25 S/Do 3.0 35 4.0 15 2.0 25 S/Do 3.0 35 4.0
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Ku Charts for Through Pits

12d Model - V8 Drainage Analysis Module - Ku & Kw

4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
Ku
0.0
-0.5
-1.0
-1.5

-2.0

Qg/Qo = 0.0 & Du/Do = 0.9
IR N T T T T _
:\\\\ | e —
= _ ~—t§>
1.5 2.0 2.5 S/Do 3.0 3.5 4.0

is Qg/Qo = 0.5 & Du/Do = 0.9 —T10
] — —T9
40 ]
: — T8
35 ]
: -.T7
3.0 ]
] — TG
—_Ts
— T4
T3
] — T2
05 T1
Ku 1
0.0 1
0.5 1
1.0 ]
157
2.0
25
3.0
35 1 ‘ —,— |
15 2.0 2.5 S/Do 3.0 3.5 4.0
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12d Model - V8 Drainage Analysis Module - Ku & Kw
Ku Charts for Through Pits

45 Qg/Qo = 0.0 & Du/Do = 0.8 45 Qg/Qo = 0.5 & Du/Do = 0.8 —TI10
. — —T9
4.0 7 4.0 ]
] 1 — T8
35 1 35 1
i ] = 'T?
3.0 3.0 ]
: : —--T6
ZSEE:.\.‘ 2_5;L‘~~_.-. __TS
] I =~ R TP
207 e T 2'02&&::_‘_ B —— T4
15 = ——_ _ D == | 1S \\\N:ﬁ‘-:-_:.___-:'___;:*’l ——T3
E §~~~~~_ 1 \ —
1.0 === — 1.0 T2
05 1 05 1 S
Ku Ku 1
0.0 - 0.0
05 05
-1.0 ; 1.0 é,
15 ] 15 ]
207 20 |
25 25
3.0 ] 3.0 ]
‘35 ] T T T T } T T T T } T T T T T T T T T T T T —3.5 ] T T T T T T T T T T T T } T
1.5 2.0 2.5 S/Do 3.0 3.5 4.0 1.5 2.0 2.5 S/Do 3.0 3.5 4.0
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Ku Charts for Through Pits

12d Model - V8 Drainage Analysis Module - Ku & Kw

4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
Ku
0.0
-0.5
-1.0
-1.5

-2.0

Qg/Qo = 0.0 & Du/Do = 0.7
1
.
. Ny .\-\u- -
T e R
1.5 2.0 2.5 S/Do 3.0 3.5 4.0

is Qg/Qo = 0.5 & Du/Do = 0.7 —T10
] — —T9
40
1 —T8
351
. -.T7
3.0 ]
] —--T6
—
—T4
— T3
] T2
051 S—
Ku 1
0.0
05
1.0 1
15
207
25
3.0
35 1 ‘ .
15 2.0 2.5 S/Do 3.0 35 4.0
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12d Model - V8 Drainage Analysis Module - Ku & Kw
Ku Charts for Through Pits

is Qg/Qo = 0.0 & Du/Do = 0.6 is Qg/Qo = 0.5 & Du/Do = 0.6 —T10
| | ——T9
40 4.0
: ] T8
35 | 35 1
i ] = 'T?
3.0 3.0 ]
] 1 —--T6
,.\~1
25 Pl —
2.0 \ e, e e S — T4
1.5 \ — —T3
o T Tm - —T2
051 S—
Ku .
0.0 ]
05 05
1.0 4 1.0 T
-15 -1.5
Y E 207
25 25
3.0 3.0
3 e S ——— — 35
15 2.0 2.5 S/Do 3.0 35 4.0 15 2.0 2.5 S/Do 3.0 35 4.0
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Kw Charts for Through Pits

12d Model - V8 Drainage Analysis Module - Ku & Kw

45 Qg/Qo = 0.0 & Du/Do =1.0

4.0

3.5

3.0

2.5

2.0

1.5

1.0

S e .

]

- e

0.5

Kw

0.0

-0.5

-1.0
-1.5

-2.0

B35S Tt

L.5 2.0 2.5 S/Do 3.0

3.5 4.0

is Qg/Qo = 0.5 & Du/Do = 1.0 —T10
] — —T9
40 ]
1 ——T8
3.5
: -.T7
— TG
—_Ts
— T4
T3
. — T
05 T1
Kw 1
00 1
0.5 1
1.0 ]
157
2.0
25
3.0
35 1 ‘ —,— ‘
15 2.0 2.5 S/Do 3.0 35 4.0
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Kw Charts for Through Pits

12d Model - V8 Drainage Analysis Module - Ku & Kw

4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
Kw
0.0
-0.5
-1.0
-1.5

-2.0

Qg/Qo = 0.0 & Du/Do = 0.9
L.5 2.0 2.5 8$/Do 3.0 3.5 4.0

is Qg/Qo = 0.5 & Du/Do = 0.9 —T10
] — —T9
40 ]
1 ——T8
3.5
: -.T7
— TG
—_Ts
— T4
T3
. — T
05 T1
Kw 1
00 1
0.5 1
1.0 ]
157
2.0
25
3.0
35 1 ‘ —,— ‘
15 2.0 2.5 S/Do 3.0 35 4.0
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12d Model - V8 Drainage Analysis Module - Ku & Kw
Kw Charts for Through Pits

is Qg/Qo = 0.0 & Du/Do = 0.8 is Qg/Qo = 0.5 & Du/Do = 0.8 —T10
| | ——T9
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Kw Charts for Through Pits
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Other Chart Data

Both source documents contain other charts not used by /2d Model , covering the following limited
set of four pit configurations, each with two upstream pipes:

Other Pit Configurations
lQUZ lQUZ lQm lQu1
= M1 — M2 — M3 | M4 |
Qu1 Qo Qu1 Qo pipes offset Qo pipes opposed QO
TQg Qg=0 QuzT TQg QuzT TQg
Other Config | M1 | M2 | M3 | M4
QUDM Ku Chart#| 48 |52,53| 49 49
QUDM Kw Chart# | 48 |52,53| 49 49
ACTDS Ku Chart # 4,56 11 12
ACTDS Kw Chart # 5,6 11 12
ACTDS Pit Type #| 4 5 9 10

The charts for M3, M4, and (under certain conditions) M2, suggest slightly independent (i.e. slightly
different) Ku values for each of the two upstream pipes. However, the peak flows in each pipe
(determined by /2d Model via the Rational Method) do not, in general, occur at the same moment in
time, and so provide little justification to account for these slight differences. As such, 12d Model
supports only a single Ku (and a single Kw) at each pit. The Rational Method is a statistical design
method with much to commend it, but it is not sophisticated enough for these particular charts, which
are perhaps better suited to a method based on unsteady flow simulations.

Using the /2d Model method (of determining a single equivalent upstream pipe), the Ku and Kw
values for M1 and M2 may be estimated adequately, if a little conservatively, with the Ku config set
to “Fair”. For M3 and M4, adequate estimations are made regardless of the Ku config setting.

For other configurations of multiple upstream pipes — especially those where the jet of each upstream
pipe projects wholly into the downstream pipe — Ku config settings of "Preferred" or "Good", may be
more appropriate.
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Notes :

The “Missouri Chart” used by 12d Model for Grate Pits, possibly
suggests conservatively high Kw values at low submergence ratios,
compared with the evidence suggested by some other empirical and
analytical studies. However, due to the typically low velocity head in the
downstream pipe, a high Kw value rarely makes a significant difference
in Grate Pits.

The “Hare Charts” used by /12d Model for Through Pits, are all based
on square pits with sides twice the diameter of the downstream pipe.
Some of the comparable “Missouri Charts” consider pits with other
geometries, and typically suggest lower Ku values.

If difficulties are encountered in adequately matching Ku and Kw values
to a particular chart not considered by /2d Model , simply set the Ku
method to “Direct”, and enter the chart values manually. Alternatively,
consider contacting the author (email: owen.thornton@ 12d.com) with
information about the chart in question.
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Part-full Flow and/or Extreme Submergence Ratios

Strictly speaking, the chart data are only applicable to pipes

flowing full and under pressure. For pipes flowing part-full —__TOPOFPIT

through pits, it is most common to assume reduced magnitudes of

AHp and AWSE, which immediately questions the validity of the surcharge FINISHED SURFACE
assumption that the head changes are proportional to the (higher, GRATE[— limit — |

part-full) velocity head. Some of the current Australian design

manuals provide estimation procedures for these uncertain cases, et

but they can often result in increased magnitudes of AHp and T imit
AWSE. In an attempt to provide a compromise, /2d Model
employs a procedure to ensure the magnitudes are neither
increased nor reduced. At those pits where the downstream pipe
flows part-full, /2d Model determines Ku and Kw by assuming
the HGL to be at the obvert of the pipe (with AHp and AWSE _D:
based on the full pipe velocity head). Once the head changes are XL
determined in this way, they are applied from the calculated HGL — ﬂ‘
in the downstream pipe, not the pipe obvert.

OBVERT

SE
--""--.. = =]
™
The chart data for Grate Pits give Kw values for S/Do ranging r] '/ AN { %CTL:AL I-cliGﬂL )
from 1.5 to 7.0, and for Through Pits give Ku and Kw values for "\un eveloped flow
S/Do ranging from 1.5 to 4.0. In 12d Model , the chart data are + b

assumed to be applicable for all S/Do values greater than or equal
to 1.0, with Ku and Kw extending horizontally beyond the chart
limits, when plotted against S/Do. With the "obvert assumption”
outlined above for part-full flow, it is only ever a negative Kw CALCULATED HGL
value that may potentially cause S/Do to be calculated less than {fully developed flow)
1.0. Since this situation is far enough outside the range of the \__L
charts to be deemed "in doubt", /12d Model handles such instances IM
by simply (and conservatively) increasing the Ku and Kw values,

so as to give S/Do equal to 1.0. NOT TO SCALE
An Example of Part-full Flow
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Culvert Inlets

12d Model - V8 Drainage Analysis Module - Ku & Kw

For pipe or box culvert inlets, /2d Model can determine whether the culvert is flowing under inlet 10.00
or outlet control, and if under inlet contol, it can calculate a Ku value to give the required loss in ’ 300 EDDM
pressure head. For these cases, the user need only ensure that the Ku method is set to "Inlet 300 12d
Headwall" and that a direct Ku value is specified (typically 1.2 to 1.9, where Ku = Ke + 1) for the J -
culvert flowing under outlet control. 375 FDDM
37512d

The backwater HGL analysis performed by 12d Model , handles culverts flowing under outlet Q _ 600 FDDM
control, using the direct Ku value specified. A further calculation is then performed, to determine {cumecs) 600 12d
the. culvert I.le‘adwater depth under inlet control, using one or other of the following variants of the 1200 RDDM
weir and orifice flow formulae:

—— 1200 12d
0 =aB (HW)" ... weir flow, HW/D <=1 — 1200450 RDDM 1/

— 12004350 12
Q=bA (HW -c¢D)* ... orifice flow, HW/D > 1 100 1 120030 124

— 1500600 RDDM /
where: —— 1500600 12d
Q =design flow rate per barrel (cumecs)
HW = headwater depth (m)
D = culvert diameter or box height (m)
B = culvert diameter or box width (m)
A = culvert x-sectional area per barrel (rn2)

pipe box
a = | 130 | 1.67
b =[274]29 0.10 -
¢ =065 ] 065 /
Note: the constants a, b, ¢ have been chosen to match the results from standard headwater
nomographs for concrete pipe and box culverts under inlet control, published in the RDDM (2002)
as Figures 4.9A(1) & 4.9B(1).
If the headwater depth under inlet control is greater than the previously determined depth under
outlet control, the culvert is assumed to be flowing under inlet control, and a higher Ku value is
back-calculated to account for the greater loss in pressure head through the headwall, viz:
Ku=(HW +IL - HGL,)/ H,
0.01 T LI m s m T — T
where:
: 0.1 1.0 - 10.0
HWD

IL = invert level at culvert entrance (m)
HGL , = HGL level inside culvert entrance (m) - from backwater analysis Comparison between results from RDDM headwater nomographs and 12d Model formulae, for

H, = full pipe velocity head in culvert (m) several standard pipe and box culvert sizes (in millimetres)
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Design Checks
Standard "Customised list file " : $LIB\drainage_ku_calc_check.txt
Spreadsheet reports may be generated quickly and easily, to allow header
checking and auditing of the Ku and Kw values calculated by /2d Pit Ku Kw V'head P'headLoss  WSE Loss Ku Ku Qg/Qo GrateFlow Pipe Flow Du/Do S/Do Chart(s)
Model . header
Name (Ku.V'head) (Kw.V'head) Method Config Ratio Deflection Deflection  Ratio Ratio Used
From the Import/Export panel of the Drainage Network Editor , header
simply Export to the Spreadsheet clipboard , using the Customised ) © 6 (m) (m) (m) ) ) ) (deg) (deg) &) ) )
list file supplied in the installed Library folder (as shown below), and pit data
paste the results into your spreadsheet. pit name
calculated ku
Il Drainage Network Editor: Import/Ex o [ | calculated kw
pipe data
Drainage model ||:Irainage calculated velocity head
L/ Format |Spreadsheet clipboard ZI pit data
1O File name ||:Ii|:|boar|:|.txt J calculated pfl pressure head loss
calculated pit wse loss
¥ Export calculated ku method
Export cakchment details [ calculated ku config
Export bypass flow details I calculated ku grate flow ratio
Export pipe inverts and sizes | | calculated ku grate flow angle
Spreadsheet options calculated ku pipe flow angle
Expart all junctian pits I_ calculated ku diameter ratio
Preset aukput ICustomised lisk File zl calculated ku submergence ratio
Lisk File narme |$LIEYdrainage_ku_calc_check, bxl 3 calculated ku chart
Sample Ku & Kw Design Check Report :
¢ Import . Pit P'head Loss WSE Loss Ku Ku Qg/Qo | Grate Flow | Pipe Flow | Du/Do | S/Do Chart(s)
Hold obwverts an import ] Ku [ Kw [ V'head ) . ) . .
Name (Ku.V'head) | (Kw.V'head) Method Config Ratio Deflection Deflection | Ratio | Ratio Used
[ Gensrats plan ook || O |olo] m (m) (m) © © ) (deg) e | 0 | o o
Drzinayz plan PPF o drainplareer il L6H | 111 021 0.23 0.23 Inlet Headwall Tnlet Control
e far, plan results [rainage 1zt I 218 | 183 0.07 0.13 0.13 KuKw via Charts | Preferred | 0.50 217 072 | 156 | T2T4
Full clear of model befareband ] 228 | 737 0.06 0.48 0.48 Ku,Kw via Charts 1.00 90.0 1.93 G2
3.1G | 0.72 0.57 0.41 0.41 Ku,Kw via Charts | Preferred 0.08 30.2 1.00 1.88 T2/T4
- Eenerate long-section results: [ 32G | 042 0.49 0.21 0.21 Ku,Kw via Charts | Preferred [ 0.14 0.0 0.89 | 1.91 Tl
Drainane [ang-section FRFE [3esian. drainper H 34M | 082|083 036 0.29 0.30 Ku,Kw via Charts | Good | 0.00 483 1.00 | 2.74 T5/T8
IModel stem Far long-section resulks m 3.8M |0.55 0.19 0.11 0.11 Ku,Kw via Charts [ Good 0.00 35.5 1.00 | 2.83 T2/T5
Clean model(s) beforehand p 3.98 1.07 0.17 0.18 0.18 Ku,Kw via Charts | Preferred 0.26 29.5 1.00 3.48 T2/T4
3.10G | 0.34 0.50 0.17 0.17 Ku,Kw via Charts Good 0.00 259 1.00 4.79 T2/T5
3.11M | 1.73 | 1.88 0.23 0.40 0.44 Ku,Kw via Charts Fair 0.00 48.7 1.00 2.46 T6/T9
I 3.12G | 0.83 0.24 0.20 0.20 Ku,Kw via Charts Good 0.23 11.3 1.00 3.88 T1/T2
Run Back to Editor_| Help | 3.13G | 1.59] 1.63| 0.17 0.27 0.28 Ku,Kw via Charts | Preferred | 0.53 37.0 63.5 1.00 | 395 [ G2/T4/T8
3.14G | 5.86 0.04 0.23 0.23 Ku,Kw via Charts 1.00 0.0 1.76 Gl
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*ACTDS (2003) - Errata in Appendix A

Chart 5
a) Re the "Ku(bar) vs DI/Do" graph: the y-axis range of Ku(bar) should
be 1.3 to 2.5 (not 0.6 to1.8).

Chart 8

a) Re the "S/Do=2.5" graph: the "Qg/Qo0=0.5" arrow label points to the
wrong line.

b) Re the "S/Do=3.0" graph: the y-axis range of Kw should be 1.8 to 2.6
(not 2.6 to 3.4).

c) Re the "S/Do=4.0" graph: the y-axis range of Kw should be 1.6 to 2.4
(not 2.4 to 3.2).

Chart 12
a) Re the "H" graph (on left): missing "Qhv/Qo" arrow label.
b) Re the "L" graph (on right): missing "Qlv/Qo" arrow label.

Chart 16

a) Re the "S/Do=1.5" graph: the "Qg/Qo" brace labels should have 0.0 and 0.5
swapped around.

b) Re the "S/Do=2.0" graph: the "Qg/Qo" brace labels should have 0.0 and 0.5
swapped around.

¢) Re the "S/Do=2.5" graph: the "Qg/Qo" brace labels should have 0.0 and 0.5
swapped around.

d) Re the "S/Do=3.0" graph: the lower arrow label should be "Qg/Qo=0.5"
(not "Qg/Qo=0.0").

Chart 20
a) Re the "S/Do=3.0" graph: the y-axis range of Ku should be 0.8 to 1.8
(not 1.0 to 2.0).




