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Disclaimer

The files package, data and information (applies also for the information provided in this manual)
was developed in partnership with KWR Water Research Institute, Delft University of Technology,
Deltares and Waternet. However, everything is provided “as-is”. The software is no warrantied and
none of the creators will respond for any damage to the software (applies also for third party
software) or software resulting from its use.

Introduction

The files package was designed as an add-on for the urban drainage software Sobek to calculate
longitudinal temperature of water and longitudinal, radial and tangential temperature of circular
pipes and surrounding soil. For a descriptive concept of the temperature model, the reader can
access to Elias Maxil (2015).

Since the hydraulics in the pipe are calculated with Sobek, and the basic setup (including the
installation of Sobek) are managed within this software, the reader can refer to the Sobek manual
(Deltares, 2013, 2014) for detailed information on the hydraulic concepts, and more features of the
software at www.deltares.nl (2015) or at the manual provided in the Sobek suite.

Requirements
The hardware and software requirements to run the temperature add-on depend on the
requirements to run Sobek.

The minimum specifications are:

e 1 GHz Intel Core processor or equivalent
e 2 GBinternal memory

e 10 GB free hard disk space

e Screen resolution 1024x768

e  Microsoft .NET Framework 4.0

Although faster processor clocks are recommended due to the amount of calculations added to the
hydraulic calculations when the temperature model is included.

The add-on has been tested in Sobek Advanced Version 2.12.003 and Sobek Advanced Version
2.13.000.26. The Sobek suite has been ran in Microsoft Windows 7 and 10.

Content of provided files
The files accompanying this manual are:

e Temperature model package (Riotherm) version 3.2

e Folder “OpManual.lit” which contains the example of the model in Sobek (Below)

e Folder “Weather(FixedFolder)” which contains different files needed in Sobek to run the
example.


http://www.deltares.nl/
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Installation instructions

Preliminary instructions

The temperature model (Riotherm) will only work once Sobek is installed. The add on will run when
the water quality module (1IDWAQ) is active. For licensing and activation of the water quality
module, please refer to the Sobek suite at www.deltares.nl.

Temperature add-on installation
Once the 1IDWAQ module is activated, the add on is installed in the Sobek directory. A set of batch
files are included in the folder Riotherm:

1. Backup commands of files to be replaced
2. Batch file with main origin _ destiny directories
2.1. Commands with files to be added/replaced

Before using the batch files, check whether the destiny directory is correct, in the batch files
provided, the Sobek directory is written “D:\Sobek213” or “D:\Sobek212” these directories will
change according to the drive and Sobek version installed in each computer.

Building a new schematic model from scratch

New simulation
Once a project has been created in Sobek, the case management window will appear.

To start from scratch please select:
- Case 2 New

The case Default will be created nd the blocks Import Network, Settings and Meteorological Data
will change their color to yellow. Click in the block Import Network and a window with options will
appear, select:

- Start from scratch

Meteorological data

The block Import Network will change its color to green. In Meteorological Data the dates of the
simulation, have to be defined as well as the precipitation, evaporation and wind. Please refer to the
Sobek manual for more information about the input needed in this block.

Water quality settings
In Settings, the modules IDFLOW (Rural), IDFLOW (Urban), RR and 1DWAQ have to be activated. To
select the proper options in the flow and RR* modules according to the Sobek manual.

In order to select and use the temperature module (Riotherm), edit the options of the 1DWAQ
module. For the edition of the IDWAQ module (clicking the “Edit ...” option on the right of the
module’s name) a new window will appear.

! RR: Rainfall Runoff


http://www.deltares.nl/
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At the tab Time settings, the time step of the water quality simulation, must be equal to the flow and

RR modules.

In the tab WQ processes (Figure 1), in “use predefined process”, select “Riotherm”.

i Settings for 1DWAQ module

Time zettings ] Wi proceszes I Advanced settings ] |pitial data ] Output options I Qhartnﬁi]

— Simulation options:

 calculate fractions

% calculate water quality transpart

[~ Use previous flow results in batch mode

[~ Active processes

— Processes defintion:

f* use predefined process

" dn not uze predefined process

Define Process:

Edit.. |

Export...

Figure 1: 1DWAQ options

In order to define the process coefficients (Thermal parameters, geometric characteristic of the
pipes, numeric for the solution of the model) select the Edit Process Coefficients option. There are
two coefficient groups available: Thickness factors of pipe and soil and process coefficients.

In the first group, the thickness factors correspond to the factors Kp and Ks explained in Chapter 4
at {Elias Maxil, 2015 #1360}. The process parameters of the model are stated in the second group

(Figure 2). An equivalence between the name of each parameter in Sobek and the model explained
in {Elias Maxil, 2015 #1360}, is shown at Table 1.

@A Edit Process Coefficients | x| I
File Edit Help

Ay ailable Coefficient Groups:

Process parameters

Coefficients in Current Group:

[

M ame | D ezcription | Type W alue | T able it | e
MHPipe nr of grid cells in pipe Constant » |3 [-]
MS5ector nr of grid cells tangential Constant = |3 [
MSoll rr of gnd cellz in 2ol Constant |3 [-]
FipeHeight | inner pipe height Constant » |03 [mn]
FipeThick | pipe thickness Constant > | 0.1 [mn)
F'iEeWidth Iinner pipe width Constant » | 0.3 [mn]
RhoPipe denzity of pipe Constant | 2000 [kag/m3)
RhoSail denszity of zoil Constant | 2000 [kag/m3)
Fhowater | denzity of water ddeg Constant  1-339 [kg/m3)
SoilTemp | =oil boundary temperature Constant = |15 [ol]
SoilThick, thickness of modelled zoil layer Congtant = (0.5 [m) -

Figure 2
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Table 1: Equivalence between symbols at {Elias Maxil, 2015 #1360} and Sobek Riotherm add-on.

Parameter Symbol | Equivalent in Riotherm
Factor thickness in pipe Kp mfPipeSeg

Factor thickness in soil Ks mfSoilSeg

Number of grid layers in pipe np NPipe

Number of grid layers in soil ns NSoil

Number of grid sectors in tangential direction (half pipe) | m NSector

Specific heat capacity pipe cpe CPPipe

Thermal conductivity pipe Ap LambPipe

Pipe internal diameter D PipeHeight, PipeWidth
Pipe thickness Sp Pipe Thick

Density of pipe pp RhoPipe

Specific heat capacity water cpw CP

Soil boundary temperature Ts,inf SoilTemp

Thickness of modelled soil layer op SoilThick

Density of soil ps RhoSoil

Water density pw RhoWater

Specific heat capacity soil Cps CPSoil

Thermal conductivity soil As LambSoil

Please, always use File = Save =2 Exit before closing the Edit Process Coefficients window or the
parameters will not change from the default values. At the Advanced settings tab, the working

integrations options so far are the numerical scheme 10 and 17. In the Initial data tab, select “use
global initial values” and “edit”. A window will appear. The window shows the initial conditions of
the pipe and soil for the simulation. The ID “Mod Temp”, “Check” and “Check2” represent the initial
temperature of the water. The ID “RioTemp1_1" to “RioTemp9_8" represent the value of each
perpendicular segment of pipe and soil (Figure 3).

The tab Output options has a feature in “History and balance output locations” to retrieve the
temperature results in two ways: For the whole longitudinal segments of the pipe (write output for
all segments) or for certain parts of it (write for monitoring stations only) defined by the user. More
features of the Settings tabs are explained in the Sobek manual.



Figure 3: Nomenclature of radial and tangential segments of pipe and soil.

Setup of pipe and surface water type for the temperature model
To determine which pipes of a network will be modelled with the temperature add-on, it is

necessary to declare it before building the network.

1.

At the case management window, the Schematisation block when it is double clicked, a
window with option appears.

Press the option “Edit user defined objects”.

At the window “Edir User Defined Objects...”, add an Active surface water type (in the
“Surface Water Types” area) calling it with any name. At the example provided, it is called
Riotherm.

At the “Branch Objects” area, add an “Active branch objects”. At the example provided, it is
called Riotherm again (Figure 4).

At the option “Selected parent type”, Select Flow — Channel and Riotherm as “Selected

surface water type” (Figure 4).

Creation of schematic model in Sobek
The creation of a network from is made based on the instructions published in the Sobek manual

and information found on the help files in Sobek.

Instructions:

1.

2.

Press “Edit model” in the Schematisation options. The network editor (Netter) will open.

&
Under Netter, press the icon Edit Model i and add two Flow — Boundary nodes (Figure 5).

Connect the nodes with a temperature pipe (Figure 6).
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3. Add Cross sections nodes following the previous first step and adjust the properties of the
pipe (diameter, upper and lower level, shepe, friction, location). Important!: the
temperature model works only with circular pipes (Figure 7).

5 Edit User Defined Dbjects Yersion 1.02.15

— Create Fractions and Surface Water Typess ———————— [~ Cieate Objects based on Fractions and Surface Watertypes:
— Fractions: — Mode Objects:
Active fractions: Active node objects:

Lateral inflow

Boundary Flow il

Delete Delete

Bename Edit

[
I

— Surface Water Tupes; — Branch Objects;
Active suface water types: Active branch objects:
MHaormnal
Riiotherm Add ‘ ‘ £dd
i i
Delete Add New Branch Dbject I
Bename
Object name:
|F|i0therm |

Selected parent type:

Impart .. | IFInw - Chaninel j

Selected fraction: Selected surface water tppe:

I j IHintherm j

ak LCancel | Help |

Figure 4. Setup of surface water type and pipe.

addrods - ~=-| |24 U > u

|i 1, Flow - Manhale

|i 2. Flows - Manhole with Lewvel Measurement

[@ 3. Flow - Manhale with Runoff

[ 4. Flows - Marihale with Lateral Flavs

|i B, Flaw - Manhale with Lat.Disch. and Runoff

E 7. Flows - Extenal Weir |i 8. Flow - External Orifice

E 3. Flows - Extemnal Culvert

E 11, Flow - External Pump Station

|i 12, Flow - Connection Node

@ 13, Flow - Connection Mode with Storage and Lateral Flow

|i 14, Flow - Boundary ﬁ 15, Flow - Linkage node

[o 18, Flow - Calculation Paint

Figure 5
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1002 a4 B S| i | ][] A s Moo acion |- - = - || pg T T<Flew-Chare

|— 2. Flow - Channel with lateral discharge

ﬁ General — 4. Flow - Fipe
MNode — . ]
ﬁ Caonnection Fipe i ol

+
'EI*I; Reach ;\_\.‘ EZZHEG notles Dy Weather Pipe
connec

\.J Connect add it (=

¢ Delete connection Flow Meazurement Fipe
\Q Connection type
Rename
Change IDs

h Rewverse Link Direction - Intemal Culvert

k Reverse direction repeat - Internal Pump Station
Propetties

- Intemal ‘weir

- Intemal Orifice

- Street
|: 23, Flow - Pipe with Infiltration

— 24, Riotherm

Figure 6

Data Edit for Node 3

Location Frictian I Defaults I

— Cross sections

Type: IHound j Define dimensions
Cross section : IF’VC 215 mm

— Dimenzions

Diiameter : I 2965 [mm]

I~ Use Ground Laper,

ok I LCancel

Figure 7

4. Select the Edit Network icon > Reach > Calculation grid reach to set the longitudinal
discretization of the model (Figure 8).

5. Activate the temperature model (Water Quality segments) by selecting Edit >
Delwagsegments > Auto (and optionally, change the segments’ atributes). The “Riotherm”
pipes will be shadowed when the operation is successful.
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il Calculation points Ed

| General | Beach I 20 Grid I

—Yectar - split optiohs In s
£ Full Wectar I | Us= Spl
i = Split by coordinate [T Use Reach =

v Split Yectar [T Use 2D-Grid
Maode tupe:
IFIu:uw - Calculation Poirt j
Length:
|s0d

[+ Eguidistance

Figure 8

Data input
1. Select the upstream node, with the secondary mouse bottom select Model data > Flow
Model (New tabs will appear). The input table (for unsteady conditions) for incoming water
to the network is shown by clicking to the options “Value, Funtion of time > Table...”.
2. The input table for the incoming water temperature is shown by going to the “Time
dependent” option of the “Concentration” tab (Figure 9 and Figure 10).

&aEdit Table E
1.0
___]sgData Edit for Node 1 Add Row |
Location] Boundary conditionl Storage] Eoncentration] Defaults] Date Time ‘ Discharge = Inzert Row |

[ddrnm ] [hh:rm:zz] [m3dg]

~Type 1 |30411/1959 00:00.00 Delste Rawls] |

= water level (h) £ flow [3)
e C
= water deptt (d] = Q- relation Paste |

— Walue
" Canstant :
' Function of time : r

" Refer to tables lbran:

— Storage

™ Define Storage on Boundary Node Benerate Table |
Graph |

ak |mport T able |

Ex=port Table |

Figure 9
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.o

' Data Edit for Node 1 |

L-:u:atiu:un] Boundary condition I Storage I Enncentratinn] Defaults]

[ Use local valuels) Show: I [alobal definition For curment fraction j

e — Information Active Subsztance Concentrabions f
Current fraction: IBDundar_l,l Flows " Constant Yalues
% Time dependent
D ate Time b odT emp Check Add Row
01/ /2015 08:00:00 10 10 Inzert B ow
01401 /2015 12:00:00 10 10
01/01/205 1400:00 30 30 Delete row
0140142015 16:00:00 a0 an
0140142015 20:00:00 30 an Impart T able
‘ | | R Export Table
— Optionz
+ Block function " Linear function Graph

ok Cancel Help

Figure 10

Simulation and results

When the option “write output for all segments” in the tab Qutput options of the Settings task block
is chosen, the identification (ID) of the temperature segments is shown showing the “Legend”
options and selecting Delwagq ID of the Link tab as in Figure 11.

& ]|

. Settings
Mode Link | Debwag | with | 21 Data]
¥ Show Links

Figure 11

— Show Titles Show Direction

= Mone " Hone

1D & Defined

= Mame " Slope

" MNetter Type Al Data

= System b

ol Fail..
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Close Netter and the Schematisation window to simulate the model. The model starts by clinking
the Simulation task block.

Once the simulation has finished the results can be read according to the Sobek user manual. The
temperature results are shown in the “History Results of Water Quality” of the “Results in Charts”
task block.

References

Deltares, 2013. Sobek. User Manual, In: Sobek (Ed.). Deltares systems: Delft, Netherlands, p. 910.
Deltares, 2014. SOBEK 3, Technical Reference Manual, In: Deltares_Systems (Ed.), Sobek 3.
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Elias Maxil, J.A., 2015. Heat modeling of wastewater in sewer networks: Determination of thermal
energy content from sewage with modeling tools, Water Management. Delft University of
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